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Objectives
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 Understand types of brachytherapy image registration use cases

 Recognize unique challenges of image registration for 

brachytherapy

 Appreciate the advantages/disadvantages of DIR in brachytherapy

 Review current status in the literature

 Discuss future directions and needs that must be met for clinical 

implementation



When is image registration performed in 

brachytherapy?
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1. Contour propagation

o MRI – CT for cervix brachytherapy

o MRI – CT for HDR prostate brachytherapy

o TRUS – CT for post-implant dosimetry in LDR prostate

2. Dose accumulation in same course

o Cervix brachytherapy + EBRT

o Prostate brachytherapy + EBRT

3. Dose accumulation to account for previous dose

o Brachytherapy + previous EBRT course

o Brachytherapy + previous brachytherapy
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Risks and challenges associated with image 

registration in brachytherapy
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1. Most use cases involve multi-modality images, e.g. 

CT-MRI, TRUS-MRI, etc.

2. Presence of brachytherapy applicators in different images 

results in significant deformation of anatomy 

3. Steep dose gradients associated with brachytherapy place 

strict demands on accuracy of image registration at voxel 

level

4. Time constraints in theatre require efficient solutions and 

QA methods

DIR not reliable?
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Necessitates DIR

No DIR in BT TPS



Use Case – DIR for cervical HDR + EBRT 

dose accumulation
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 39 patients, BT CT -> EBRT CT deformable image registration

 Combined BT + EBRT EQD2 dose assessed for OAR doses 



Use Case – DIR for cervical HDR + EBRT 

dose accumulation
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DIRimage, the entire image set was 
deformed using a free form deformable 
image registration algorithm with a 
normalised intensity similarity metric.  

DIRcbd, the bladder contour was given a 
higher bias for the free form DIR

DIRmasked, masked the bladder contour 
to a value of 1000 HU and then the 
entire image was deformed using free 
form DIR 

Locally locked   

adjustments based 

on 

bones and ovoids

Sometimes 

DIR algorithm

produces visually 

unacceptable results
Visually acceptable 

result achieved with 

RegRefine



Use Case – DIR for cervical HDR + EBRT 

dose accumulation
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DIRimage DIRcbd DIRmasked

Average dose 

accumulation

consistency

Bladder

D2cc
2.2 1.4 0.7

Bladder 

D0.1cc
3.4 1.5 1.5

Additional weightings in algorithm leads to more 

reproducible results. NB: it is critical to ensure there 

are contour weightings in a DIR algorithm for 

Gynae brachy DIR

DIRmasked

Percent difference in bladder 

D2cc (accumulated over three 

fractions) with and without DIR

-2.9

Percent difference in bladder 

D0.1cc (accumulated over three 

fractions

-4.2

Percent difference in  rectum 

D2cc (accumulated over three 

fractions) with and without DIR

-2.3

Percent difference in rectum 

D0.1cc (accumulated over three 

fractions

-2.6



Use Case – DIR for prostate HDR + EBRT 

dose accumulation
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 10 patients, BT TRUS -> EBRT CT rigid and deformable image registration 

(structure guided)

 Combined BT + EBRT EQD2 dose assessed for rectum
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dose accumulation
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Use Case – DIR for intra-prostatic lesion 

boost in HDR prostate BT
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 10 patients prev. treated at STGCC with 

HDR prostate BT

 Retrospectively register diagnostic 

mpMRI & PET PSMA to BT planning 

TRUS image

 Compare RIR and DIR

Courtesy of Sam Radvan, USyd
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boost in HDR prostate BT
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JACOBIAN DETERMINANT

VENDOR 1 VENDOR 2
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Use Case – DIR for intra-prostatic lesion 
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Prostate Contour

DIL Contours



Use Case – Retroperitoneal BT + EBRT
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 Retroperitoneal sarcoma

 Peritonectomy followed by interstitial 

brachytherapy to tumour bed

 10 Gy / 1 Fx

 Sub-optimal coverage due to limitations 

in applicator placement necessitated 

EBRT treatment to untreated GTV.



Use Case – Retroperitoneal BT + EBRT
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Saline bag

Brachy catheter

button

Pre-op MRI BT Planning CT Fusion



Use Case – Retroperitoneal BT + EBRT
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Pre-op GTV

Brachy PTV



Use Case – Retroperitoneal BT + EBRT
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BT Planning CT

EBRT Planning CT

 Blue = MRI GTV

 Red = BT PTV

 Green = BT 100% isodose

 Orange = EBRT PTV
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Future Directions
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 DIR for BT is still largely confined to research space

 Improvement in multi-modality DIR algorithms required

 Tools to overcome presence of BT applicators in images are 
required

 DIR functionality in BTPS is very limited, vendors should implement 
DIR within BTPS

 Image registration QA tools in BTPS are very limited, vendors 
should implement these tools within BTPS
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Thanks for your attention!

Questions?




