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Stereotactic Radiosurgery 

A single high dose of radiation, 

stereotactically directed to an intra-

cranial region of interest. May be from 

X-ray, gamma ray, protons or heavy 

particles.  (Lars Leksell, 1951)

Historical Development of Stereotactic Ablative Radiotherapy 

Timothy D. Solberg, Robert L. Siddon, and Brian Kavanagh 



SRS and SRT use  a stereotactic system and high energy beams 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. 

Stereotactic Radiosurgery (SRS) ïStereotactic

Radiotherapy (SRT)

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 

unique coordinate system.

All structures and points 

can be identified in all the 

imaging studies that include 

the localization frame, 

which is uniquely and 

rigidly attached to the base 

frame.
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The ñzò coordinate



SRS treatment strategy

Position the point or volume to be 

treated at the point of convergence or 

intersection of all the beams



History



History

ÅDr. Lars Leksell (1951) introduced 

the concept of Radiosurgery as 

the ablation of a lesion by 

radiation in a single procedure, 

similar to surgery

Å Initially used a 200kV x-ray tube

ÅIn 1968 developed the ñGamma 

knifeò

Á179  Co-60 sources

ÁA spherical cavity covering 60º x 160º



Gamma Knife

201 Co-60 sources

arranged hemispherically

around a common ófocalô 

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



DSA

Initial application for treatment of artero-venous

malformations (AVM)





Incomplete information



Laser-Angiographic Target 

Localizer (LATL)

FIDUCIAL MARKER BOX: 

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



Gamma-Knife



Gamma knife

Å Irregular  target volumes

require multiple óshotsô



X-Knife      Gamma Knife 

ÅCollimator sizes: 5 to 

45 mm in 2.5 mm steps

ÅConformal SRT: with 

jaws/circles; mMLC; 

IMRT.

ÅExtra-cranial: head and 

neck; body localization, 

spine localization, 

other targets

ÅCollimator sizes: 

4,8,14,18 mm

ÅConformal is only 

attained through 

multiple isocenters

ÅNo extra-cranial 

targets possible



Radiosurgery AVM
Pre-Radiosurgery

6months

Post-Radiosurgery



History

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

ÅOne or more 

isocenters

ÅMultiple arcs per 

isocenter
ï Arcs of 100º to 160º

ï Fixed couch angle for

each arc

ï Spherical dose

distributions for each

irradiación



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



Linac SRS on Linac

+ cones

Å 5-40mm diameter cone set

Å Circular beam projection

Å Collimator mounted

assembly



Precisión mecánicaVerification of gantry isocenter with cones

Laser alignment

AP
Tilt

Spin



<DPF, NSUH-LIJ >

29

Winston Lutz Quality Assurance

Stereotactic Set-up QA

ÅPhantom Pointer verifies laser 

accuracy prior to SRS

ÅEmbossed laser lines for easy 

alignment with wall lasers

ÅIntegrated tungsten sphere for film 

verification

ÅIrradiation of film at different gantry 

angles

ÅShadow in field center verifies 

accuracy



Precisión mecánica

210º 270º 0º 90º 150º

Gantry 210º 270º 0º 90º 150º

DGT 

(mm) 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













9 fixed fields

9 arcs





Planning strategies for SRS with arcs

ÅSpherical targets:
Å Use  up to 9 arcs with collimator diameter corresponding to the

target diameter

ÅElliptical targets:
Å If the major axis is in the coronal plane, eliminate perpendicular 

arcs, or use different cone sizes



Circular collimators



Å < 3-4 cm

ïCircular Cones + Arcs Best

ïSharp Penumbra avoids OAR

ïPrecise Geometry

ïLow Integral Dose to Brain

Å 3-6 cm

ï (a) XJaws= Jaws and 

Cones and Arcs

ïSimple 

ïLow Integral Dose to Brain

ïOptimal Conformal Index

ï (b) MMLC Okay

ïExact Conformation not an issue.

Considerations according to the type

of target



Conformal Arc BEV



Standard Arc Conformal Arc 



Å < 3-4 cm

ï Circular Cones + Arcs Best

ï Sharp Penumbra avoids OAR

ï Precise Geometry

ï Low Integral Dose to Brain

Å 3-6 cm

ï (a) XJaws = Jaws and 
Cones and Arcs

ï Simple 

ï Low Integral Dose to Brain

ï Optimal Conformal Index

ï (b) MMLC Okay

ï Conformation not the issue.

Å > 6 cm

ï Penumbra Increases, not very effective to use  Cones 
and Arcs

ï Better N Ó 6 Non-Coplanar Static Fields 

ï Need XPlan, OAR, Beam Model

ï MMLC necessary.

ï 2 ˊ Access Reduces IMRT Need.

Considerations according to the type of target


