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Nr. 2What is stereotactic radiotherapy?

• Stereotactic (Greek στερεός stereós "hard, rigid" and 
τάξις táxis "arrangement") stands for coordinate-based.

• The concept of radiosurgery was introduced in 1951 by 
the Swedish neurosurgeon Lars Leksell. Today, this 
means that a tumor is irradiated in a small volume and 
highly precise manner.

• It is defined as a 1-5 time irradiation with ablative doses.



Nr. 3SRS procedure



Nr. 4Multiple brain metastases

Dose prescription: PTVs 1-5 receive 24 Gy (ICRU)
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Multiple brain metastases

PTVs
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Multiple brain metastases
Treatment fields 

Elements Multiple Brain Mets SRS software
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Multiple brain metastases

BEV Field 1
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Multiple brain metastases

BEV Field 5
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Multiple brain metastases
Treatment fields - VMAT
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Multiple brain metastases

VMAT BEV Field1
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Multiple brain metastases

VMAT BEV Field2
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Multiple brain metastases

VMAT BEV Field3
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Multiple brain metastases

VMAT vs Elements Multiple Mets
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14 brain metastases 

Elements Multiple Brain Mets SRS software

Dose prescription:
PTVs 1-13: 99.5% volume receives 18 Gy
PTV 14: 99.5% volume receives 12.5 Gy (proximity to brainstem)
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Multiple brain metastases 

VMAT vs Multiple Mets
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Multiple brain metastases 

VMAT 
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Multiple brain metastases 
VMAT beam geometries 

10 MV FFF 
2400 MU/min
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Multiple brain metastases 
Leaf gap and dose spillage



Nr. 19
Multiple brain metastases 

Help structures



Nr. 20SBRT Lung case



Nr. 21Dose prescription



Nr. 22Internal Target Volume

Internal Target Volume 
(ITV) 

ICRU 62
= 

CTV 
+ 

margin  accounting for 
internal physiological  
movements as well as 

changes in CTV’s shape 
and size 



Nr. 23Organs at risk



Nr. 24Ring structure



Nr. 25Field geometry



Nr. 26
Optimization objectives

60% isodose (7 x 5 Gy) covering PTV
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Calculated dose
4 dose concepts



Nr. 28DVH



Nr. 29Dose profile

ITV

PTV
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Dose calculation algorithms

Slab phantom
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Dose calculation algorithms

Dose grid



Nr. 32Plan evaluation tools

• Homogeneity Index (HI) – Wu 2003
• Conformity Index – ICRU 1999
• Gradient Index (GI) – Paddick 2006



Nr. 33Homogeneity Index (HI)

HI = [(D2-D98)/Dp]×100

D2 - dose to 2% of the target volume
D98 - dose to the 98% of the target volume
Dp - prescribed dose

Example:
Prescription 24 Gy covers PTV (ICRU)
D2 = 25 Gy (104%)
D98 = 23 Gy (96%)

HI = 25-23/24×100 = 8,3
The ideal value is 0.



Nr. 34Conformity Index (CI)

CI = TV / PTV

TV - Treated Volume - volume enclosed by a prescribed isodose
PTV - Planning Target Volume

Example:
Prescription 20 Gy as 80% covers PTV
TV20Gy = 4,06 cm3

PTV = 3,37 cm3

CI = 4,06 cm3 / 3,37 cm3 = 1,2
The ideal value is 1.



Nr. 35Gradient Index (GI)

GI = PIVhalf / PIV 

PIVhalf - volume enclosed by a half of prescribed isodose
PIV - volume enclosed by a prescribed isodose

Example:
Prescription 20 Gy as 80% covers PTV
PIV10Gy = 18.54 cm3

PIV20Gy = 4,06 cm3

GI = 18.54 cm3/ 4,06 cm3 = 4,6
The smaller the better.
50% isodose should be within 1 cm from PTV.
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Small field dosimetry

General aspects

Under which conditions can you consider a field as small?
• If the field is smaller than approximately 4 cm x 4 cm.
• If the focus is partially hidden by the collimators.
• If lateral electron equilibrium is not given in the 

center of the field.
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Small field dosimetry
Dose volume effect

• Semiflex 0.125 cm³ chamber will average the dose across its sensitive volume, 
depicted as a blue box. When you move the chamber through the field, it will always 
average across its volume at every measurement position.

• The blue curve shows the signal after averaging. The CAX value of the dose is 
underestimated, and the penumbra is broadened.

PTWPTW
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Dose volume effect

Output factors and profiles for 1 cm x 1 cm field

• The reduction of the measured dose 
for the Semiflex and the PinPoint
chamber is clearly visible.

PTWPTW

• Again, the dose reduction of 
the Semiflex chamber in the 
field center is apparent. 
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Dose volume effect

Profile of 1 cm x 1 cm field with CAX normilization.

In addition to penumbra broadening two more effects are visible (indicated by arrows):
• the FWHM of the Semiflex measurement seems larger than that of the other 

detectors. This is in contrast to the original measurement without CAX 
normalization, 

• the dose in the out-of-field region is overestimated. 

PTWPTW

CAX normalization
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Small field dosimetry

Summary

• If your detector is larger than roughly 1/4th of the lateral field dimension, 
you should watch out for a volume effect of several percent.

• If the volume effect is present,
 the dose in the field center will be underestimated;
 the penumbra appears wider than it is.

• If in addition to the volume effect you perform a CAX normalization in a 
small field,
 the field (at half maximum) will appear wider than it is;
 the dose in the out-of-field region will be overestimated;
 the dose of PDDs at large depths can be overestimated.

• There exists no single detector that is suitable to perform high accuracy 
measurements in very small as well as very large fields. For absolute dose 
measurements, all small field detectors except air-filled ionization chambers 
must be cross-calibrated against a medium-size ionization chamber.



m.jaeckel@uke.de

Teşekkür ederim!


