
Craniospinal Irradiation
Principles of Planning & Clinical Applications

Dr. Sajal Kakkar
MD, FUICC (USA), FAROI (France)

Associate Director Radiation Oncology

Max SuperSpecialty Hospital, Mohali



Craniospinal Irradiation (CSI)

Irradiation of entire neuraxis i.e. whole brain and spine 

Useful in tumors prone to leptomeningeal spread like
Medulloblastoma
Germinoma
Pineoblastoma
Supratentorial PNETs
Leukemia/Lymphoma (with CSF spread)



Edith Paterson advocated irradiation of 

entire neuraxis



Technically challenging:

Large target area to be covered

Irregular shape of the target

Multiple fields with junction overlap

Normal tissue exposure and late toxicities

CSI Planning



CSI Planning Steps

• Positioning & Immobilization

• Target/OAR Delineation

• Field Arrangement

• Doses

• Treatment Verification



PRONE:

Direct visualization of the field junctions on the patient.
Poor reproducibility
Scope of patient movement and Discomfort
Difficult anesthesia

SUPINE:

Comfortable
Relative ease in anesthesia

Patient Positioning



Immobilization

Prone position:

Neck neutral to hyperextended

Arms by the side on a CSI board

Base plate with prone head and chin rest

Slots from A to E to allow various degrees 

of extension of neck

Thermocol wedge for supporting chest

Prone Head Rest with Vacuum 

supports for trunk



RT Planning

2D Fluoroscopic Simulation

3D CT based Volume delineation &

Conformal dose delivery



2D Simulation and Field Placement

CSI Fields:

• Two lateral opposed cranial fields
• One or Two spinal fields

Issues in Planning:

• Divergence of Cranial and Spinal fields

• Field matching at junctions



• Spinal field simulated first (get to know the divergence of the spinal field)

• SSD technique

• 2 spinal fields if the length is > 36 cm

• Upper border at low neck

• Lower border at termination of thecal sac or S2 /3 junction whichever is lower 

• In case of 2 spinal fields , junction at L2/L3

Junction of Cranio-Spinal Field:

Higher level - C1/C2 interspace, since overdose at cord is low as compared to low 

junction

Lower level - lowest level in the neck with exclusion of the shoulders in the lateral 

fields (from C5 to C7), lowers the exit dose to thyroid, mandible, 

larynx & pharynx

Cont..



Termination of thecal sac

 Traditional recommendation for lower border of spinal field is inferior edge of 
S2 (myelogram & autopsy studies).

 8.7% patients have termination below S2-S3 interspace.

 MRI accurately determines the level of termination of the thecal sac



Fixed or Calculated gap spinal fields

• Use of fixed gap ranging from < 5 mm  to 10mm between fields OR

• Customized gap for each patient depending on the field length & 
depth of prescription

• Spinal fields are simulated after gap calculation

• Width – include the transverse process, usually 5 to 7 cm



SSD 
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Gap calculation-formula
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Gap calculation-formula

S = ½ L1(d/SSD1) 

+ ½ L2(d/SSD2)

Surface





Simulation-cranial field

 Whole brain field is simulated & lower border is matched with the 

superior border of spinal field.

 AP width & superior border include the entire skull with 2 cm 

clearance.

 Techniques for matching craniospinal fields:

• Collimator/couch rotation

• Half beam block

• Asymmetric jaws

• Penumbra generators

• Wedge

• Tissue compensator



2.5-3 cm 



Problem 1: Divergence of cranial field

S

Spinal field



Solution A: Rotate the couch

S

Spinal field



S

Solution B: Asymmetric block

Spinal field



Problem 2 Divergence of spinal field

S



Solution A: Rotate the cranial field collimator   

S



S

Solution B: Use asymmetric spinal block   



 In practice 5 mm gap left in the cranial and spinal fields

 Cranial field Collimator angle = tan-1 { ½ L1/SSD}   L1 is 
spinal field length

 Couch angle = tan-1 { ½ L2/SAD}

L2 is cranial field length

 Use of asymmetric collimator jaws precludes the need of  
couch rotation.

Simulation-cranial field



Shielding

More important is what not to shield !

DO NOT SHIELD

 Frontal (cribriform plate)

 Temporal region



SFOP Guidelines

Carrie C et al, IJROBP’99

5mm margin below the orbital 

roof

1cm margin elsewhere below the 

skull base







Treatment & Verification

 Port films after placing radio-opaque markers on the 
inferior border of cranial field can be used to verify 
craniospinal field matching.

 Electronic portal imaging has also played important 
role in verification & correction of set up errors.



Moving Junction in CSI

 Feathering after every 5 to 7 fraction smoothes 

out any overdose or underdose over a longer 

segment of cord



Junction shift in CSI

S 2



Junction shift in CSI

S 2



Junction shift in CSI

S 2



Junction shift

 Usually shifted by 1 to 2 cm at each shift

 Done every few fractions

 Either in cranially or caudal direction.

 Cranial inferior collimator is closed & spinal superior collimator is 
advanced by the same distance superiorly (if junction to be shifted 
cranially)

 Similarly, lower border of superior spinal field & superior border of 
inferior spinal field are also shifted superiorly, maintaining the 
calculated gap between them



CSI for average-risk disease

(age >3 yrs, M0 status, and residual <1.5 cm2)

• Standard dose CSI: 35-36 Gy/21-20#/4 weeks @ 

1.67-1.8 Gy/#

• Reduced dose CSI: 23.4 Gy/13#/2.5 weeks @1.8 

Gy/# (+ adj CT)

• Very reduced dose CSI: 18 Gy/10#/2 weeks @ 

1.8 Gy/# (+ adj CT)

CSI for high-risk disease

(age <3 yrs, M+ status, and residual >1.5 cm2)

•Standard dose CSI: 35-36 Gy/21-20#/4 weeks @ 

1.67-1.8 Gy/#

•Higher dose spinal RT: 39.6 Gy/22#/4.5 weeks 

@1.8 Gy/#



Beam parameters

 Photons: 4 to 6mv produce good dose homogeneity

 Cranial field - prescribed at midplane SSD

 Spinal field - 5 to 6cm along central axis depending on depth of 

spinal cord at SSD (posterior vertebral body seen on Lateral X 

rays / CT scan / MRI).



Supine CSI planning 

CT based



Imaging 

1-2.5mm slice thickness from vertex to lower border 

of C3

2-5mm thickness from lower border of C3 to upper 

part of femur

CT to be co-registered with latest or Planning MRI, 

preferably FIESTA sequence 

AjithKumar et al, Radiother Oncol 2018



Individualized CT planning

 Method analogous to conventional simulation but with use of 

asymmetric collimator jaws for matching beam divergence

 Field junctions can be visually verified

 The distance between the two isocenters (three if two spine 

fields are required) can be calculated once the beams have 

been set

 This distance can then be used as the digital longitudinal table 

distance shift

Gupta T et al, Neurol India 2017





Sagittal MPR of patient in supine CSI 



77 children, 1972-91

Retrospective review of simulation/port films of WBI

Median fu 8.5 yrs

16/72 pts fields judged acceptable

Unacceptable anterior margin (too posterior) in 11 pts

Unacceptable inferior margin (too superior) in 29 pts



Prospective review of MB pts in French trials

169 pts, 1992-98

Median f/u 2.9 yrs

RT Targeting Guidelines -



120 pts (71%) had at least one deviation

53 pts (31%) at least one major deviation

7/28 children with major deviation in ‘A’ relapsed

5 of these relapsed in frontal region

6/11 pts treated with electrons (<18MeV) relapsed in CSF or Spine

Relapses strongly a/w insufficient coverage of cribriform plate or temporal regions

& wrong choice of electron beam energy

Cont..



BJR 2016

CSF & Cranial nerves evaginating into IAM, JF, HC



Mean distance of CSF extension into –

IAM: 12.2 mm, JF: 7.3 mm, HC: 9-10 mm

CSF flows beyond the inner table of skull base

Clinical implications in tumor which spread via meningeal surfaces

Cont..



Precision techniques may underdose meninges and 

CSF in dural reflections



10 healthy adult volunteers

MR from skull base & sacral plexus

Extension of CSF within dural sheath measured

CSF distribution observed in II, V, VII-XII nerves

No CSF spread outside the spinal canal at sacral level



Optic N Trigeminal N

Cont..



5 pts treated with CSI

3DCRT vs Tomotherapy plans

3DCRT:

2 lateral opposed cranial fields, one or two posterior spinal fields

Optic nerves not included in the target volume

Tomotherapy:

CNS with 3-5mm margin

Optic nerves not included in the target volume

Optic nerves contoured separately with 3-5mm margin



V95% and Mean dose for Optic Nerve PTV lower in all Tomo plans,

especially to anterior portion

Potential for underdosing the optic nerves, especially 

with lower dose CSI being used

Cont..







Skull Base Foramina





Cont..





Proper immobilization

Proper coverage and Dose homogeneity in the target volume

Reducing the dose to OARs

Evaluating the Integral Dose

Summary 


