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Radiation planning process
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Why do we need to learn plan 
evaluation ?
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Isodose lines may spill into an OAR initially thought to be not at risk

Why is it important 
to review contours 

again ?

1

 The contours are usually 

drawn by residents who 

may not be well versed with 

normal and abnormal 

contours.

 RO is a very demanding 

branch with lot of work 

going on at multiple levels.

 Contours are site specific 

and may vary from organ to 

organ and may be patient 
specific. 

First review delineated target volumes and organs at risk.

A normal structure may have been forgotten or not contoured 

Isodose lines may spill into an OAR initially thought to be not 
at risk

Opportunity to check targets for accuracy and any expansions.

GTV might have been expanded but not the CTV/PTV
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Retina, scalp, Lacrimal gland 

Lacrimal gland Retina Total scalp

Compared to the rest of the retina, it is the 

only area of the retina where 20/20 vision 

is attainable and critical for seeing fine 

detail and colour. 

It is employed for accurate vision in the 

direction where it is pointed. It comprises 

less than 1% of retinal size but takes up 

over 50% of the visual cortex

Total scalp RT 

Lymphoma 

Angiosarcoma 

Mycosis fungoides 

Basal cell ca. 

squamous cell

Caivano 2015Ann Palliat Med ;4(1):35-38Indu bansal, NH, Gurugram 
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Hypothalamus 

Polygonal structure consisting of two 

separated volumes on each side of the 

3rd ventricle or CSF space. 

Sup- anterior commissure 

Inf.- OC.

Ant.- ant. aspect of the 3rd ventricle or 

the visible edge of the CSF space within 

the suprasellar cistern. 

Post- interpeduncular fossa. 

Med.- 3rd ventricle or the visible CSF 

space

Lat.- optic white matter tracts or the 

internal capsule.

Elson 2014 Front OncolIndu bansal, NH, Gurugram 

The dividing line between Infundibular stalk 

and hypothalamus is 3rd ventricle.

Try to keep hypothalamus mean dose <16 Gy to prevent GH deficiency



Circle of Willis

Relationship between 
optic chiasm and Circle 
of Willis
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Radiotherapy and Oncology 128 (2018) 37–43

 The cerebellum consists of two hemispheres 
divided by the vermis. These are organized 
into ten lobules

 3 anterior-posterior divisions
 the primary fissure separates the anterior 

lobe (lobules I–V) from the posterior lobe 
(lobules VI–IX)

 the posterolateral fissure separates the 
posterior lobe from the flocculonodular lobe 
(lobule X). 
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• Mostly the clinician decides the 
delivery technique 

• Medical Physics person decides the 
beam arrangements 

• Beam arrangements may vary from 
simple single, opposed fields, IMRT 
fields, volumetric modulated arc 
plans or complex SBRT plans 

Beam arrangements/ Fields 
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7 8 9
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Ensure that fields are entering the body at angles that avoid entry through excess normal 
tissue 

Ensure that beam shaping through multi-leaf collimators or other devices are 
appropriate for target and OAR

Directly visualize each beam through beams eye view 

Can overlay isodose lines on CT images

For IMRT check for number of beams and their point of entry & fluence patterns

Try to minimize no of beams if palliative treatment & pt .unable to lie down for long 
times 

Check for number of arcs- full , partial and total treatment time 

Beam 
arrangements 

Fields 
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ROOM’s view or 3 D view 

 Rooms eye view is a 3D isodose 
surface display with real time 
interactivity.

 Tells about adequate coverage of 
target volumes and sparing of normal 
strs.  with superimposed isodose 
surfaces or dose clouds from any 
viewing angle

 Hot or cold spots in areaof interest 
can be clearly seen. 

Skin view- Beam aperture projection is clearly seen on 

skin of patient. 
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First  ensure coverage qualitatively by 
review of structure and isodose 
contours on images 

Ensure that prescription isodose line 
covers its corresponding PTV

Identify inadequate coverage or 
excessive dose spillage outside the 
PTV 

Check the DVH or dose volume 
histogram 

Don’t forget to evaluate the 3D 
graphical plan qualitatively before 
proceeding to check DVH. 

Coverage 

Usually coverage is 
considered adequate 
when at least 95% of 

PTV is treated to 
prescription dose or 

higher. 
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PTV2- the volume is divided into individual 

elements called voxels and tagged according to 

dose received as determined from 3 D dose grid. 

Voxels ar then grouped according to each 

specified dose bin value without regard to their 

spatial location. 

A plot of the number of voxels in each bin (y-

axis) versus the bin dose range (x-axis ) is a 

dDVH. 

Generated by summing for each dose bin for all 

the voxels of the PTV2 d DVH to the right of each 

dose bin. : the y-axis gives the volume, pr

percentage of volume , that receives a dose 

equal to or greater than indicated dose on the x-

axis. 

Differential DVH (dDVH)

Cumulative DVH  (c DVH)

DVH
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Drawbacks of DVH  

 Can’t assess the appropriateness of 

targets and OARS

 May report 100% coverage of PTV by the 

prescription dose but the PTV could be 

delineated incorrectly

 95% coverage may not be met and there 

may be a compromise between PTV 

coverage and OAR constraints with an 

accepted sacrifice in PTV coverage to 

avoid unacceptable toxicity to surrounding 

critical OAR

 There may be excessive dose spillage 

through structures not reported within DVH

 Doe not provide information regarding 

spatial distribution of dose
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Heterogeneity 

Means variability in dose 

distributions throughout the plan 

 In conventional IMRT plan , acceptable minimum dose in PTV 

is around 95% with maximum around 115% of prescription 

dose. 

 In 3 DCRT plan- heterogeneity is typically larger than for IMRT 

plans so greater variability is acceptable while care is taken to 

limit hot spots near critical OARS

 Identify hot spots

 Cols spots

 Review the location of hot or cold spots within treatment plan

 Hot spot within GTV may be acceptable as opposed to in critical 

structures.

 A cold spot at edges of PTV is preferable to being within GTV or CTV. 
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ICRU volumes
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Min. 
dose to 

PTV

Max 
dose to 

PTV

Mean 
dose to 

PTV

Modal 
dose 

Median 
dose 

Dose at 
ICRU 
ref, pt.

Dose 

reporting

Dmax
 Max dose to PTV and OAR

 Helps in limiting dose and toxicity to 

OAR

 Reported only when a vol. of dia.>15mm 

is involved.

 Smaller volumes for eye, optic n. larynx

 If max outside PTV exceeds prescribed 

dose, then a hot spot can be identified.

Hot spots 
 Volume outside PTV which receives 

dose >199% of prescribed dose 

 Significant only if min dia >15mm 

 But could be smaller in small organs as 

eye 

D min
 Smallest dose in a defined volume

 No vol. limit defined for reporting 

ICRU reference point 
 The dose has to be clinically relevant 

 The pt. should be easy to define in clear 

and unambiguous way

 The pt. should be selected so that dose 

could be adequately determined

 It should be in a region where there is no 

steep dose gradient .
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1.

• Review both the DVH as well as 3 D graphic plan

2.
• DVH tells max dose, mean dose and volume constraints

3.

• Review the graphic plan to identify the location of critical isodose levels for 
each OAR and see the critical isodose line. It also helps to ensure that all 
OARS encompassed within these isodose lines have been contoured.

• Check the contours to see the overlap areas of OAR with PTV and decide priority of 
PTV over OAR

• AAPM –TG -101 is a useful reference for hypofractionation. Some phase III protocols 
can also specify planning objectives and acceptable variations

• Dose constraints may be used as given in QUANTEC for conventional fractionation. 

• Check for proper BED conversions for both OARS and targets. .

OARs
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Serial- Damage at one point 
will cause complete damage 
of organ , e.g, cord, digestive 
e organs 
Parallel- several FSU so if 1 
part is damaged rest of organ 
will take over (lung, bladder)
Serial-parallel- Kidneys 
(glomerulus-parallel, tubules-
serial), heart (myocardium-
parallel, coronary a. serial)

Serial
Parallel
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Organs 
at risk 

Radiation lesions 
are fatal or result 

in severe 
morbidity 

Mild, transient and 

reversible or result 

in no significant 

morbidity. 

Result in 
moderate or 

mild morbidity 

Class 1 

Class 2 Class 3 
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Finalize & confirm the prescription. 

Total Dose & dose prescription might have changed after 
review of plan 

Dose prescription
Specify technique, dose, dose/fraction, site of delivery and 

schedule 

Specify type and frequency of imaging and QA schedule

Ensure signatures of RO, physicists, technologist 

Check for patient specific parameters as pacemaker, implant, 
pregnancy , hepatitis, HIV status as well 
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a/b ratios 
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Das, et al.: OAR 

tolerance and 

recovery after 

re-irradiationIndu bansal, NH, Gurugram 



RE-Radiation tolerance 

1

1 2 3

4 5 6

Spinal cord 

Up to 39 Gy if at least 12 

months between 2 RT

EQD2 -Dmax is 79 Gy 

BED 3Gy - < 140 Gy3 . 

D0.1cc < 71 Gy 

D 0.5cc < 65 Gy 

D 1.0 cc - 60 Gy

Cord tolerance appears to 

increase at least 25% at 6 

months after the initial 

course of RT

SRS

Thecal sac 10 Gy ss

BED 30-35 Gy/5 F 

Brain 

Maranzano et al.

limit the dose to 60 Gy in each course 

of RT  

Cumulative dose <140–150 Gy2

Mayer and Sminia

NTD cumulative-

< 81.6 Gy-101.9 Gy in conventional re 

RT

< 90 Gy-133.9 Gy in FSRT

< 111.6–137.2 Gy in SRS

Radio-necrosis

Not seen with conventional

FSRT –NTD cum >105 Gy

SRS- NTD cum >135 GY

SRS- 24 Gy for involved volume < 2mm 

18 Gy for 21-30mm 

15 Gy for 31-40mm

24 Gy for involved volume 
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 Check the patient’s coronary and 
pacemaker status evaluated by a 
cardiologist before and soon after 
completion of therapy.

 Always keep pacemaker outside machine 
collimated RT beam both during RX & 
during portal films

 Check for any malfunctions happening 
during Rx

 Before Rx, estimate and record the dose 
from scatter to be recd. by the pacemaker. 

 If patient has an automatic cardio-inverter 
fibrillator (AICD), follow same steps as for 
pacemaker. If no manufacturer 
instructions available, conservative 
threshold of 100cGy to be considered. 

The total accumulated 
dose for pacemaker 

should be < 2 Gy

IF AICD follow 
manufacturer instructions 
or keep threshold below 

100cGY.

Pacemaker 

Marbach 1994 AAPM task group no 34.Indu bansal, NH, Gurugram 



How to keep fetal dose low? ?

 Complete all planning as if pt. not pregnant,

 Consider modifications of plan to minimize dose to fetus e.g. changing 

field size and angle, using a different energy, Avoid Co60 or >10 MV 

because of neutrons. Use tertiary collimation to define field edges nearest 

to fetus

 Estimate dose to fetus without shielding using AAPM report using 

phantom.

 Design and construct special shielding , 4-5HVL lead sufficient. It must 

allow Rx fields above diaphragm and on lower extremities. Commonly 

used shielding arrangements are bridge over patient, table over treatment 

couch and midline shield.

 Document treatment plan and inform all personnel involved with care.

 Check all aspects of safety, prevention of falls, to ensure safety to patient 

and personnel. Clicks photographs.

 Monitor fetal size and location throughout course of RT and update 

estimates of dose when necessary.

 Document completion of treatment by estimating the total dose to the 

fetus 

Stovall Fetal dose from 

RT, AAPM task group 36



Thank you

Develop an eagle’s eye 


