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� Challenges of Motion Management 

Expiratory or Inspiratory Breath Hold

• Lung Tumors 

• Upper Abdomen Tumors 

� Closeness of Critical Structure  

Inspiratory Breath Hold

• Breast Cancer Radiation Therapy 

Breath Hold Techniques

Pre-treatment patient set-up 
and Intra-fractional 

Monitoring 

Individualised treatment 
Stragregy



� SMART

� Pretreatment 4DCBCT

� Liver SBRT with ABC 

Tumor Motion 

Assessment



Tumor Motion Assessment

� Pretreatment  – 4D 
CBCT(Symmetric) 

� Realtime – MR Linac(Elekta )



Long term Cardiac 

Mortality &Morbidity of 

Breast cancer 

Radiotherapy 

� Radiation Therapy improves LRC from 

26% to 7% and ARR mortality by 5.4%

� Mortality in patients with Left Vs Right 
Breast Cancer (p=0.02)

Darby et .Lancet Oncol. 2005 Aug;6(8):557-65



Long term Cardiac Mortality &Morbidity of Breast cancer Radiotherapy 

� Left Vs Right Breast Cancer (p=0.02)

� No apparent Threshold (ALARA)

� Every 1Gy increases incidence of Major CA by 7.4%

� Mean Heart dose a significant predictor

Darby et al. N Engl J med 368;11,March 14, 2013



Breath Hold Techniques

Stowe et al. Breast Cancer . 2022; 14: 175–186.



Cardiac Sparing- Reducing Late 

Toxicities 

Free Breathing Gated Breath Hold



Effect of DIBH on OAR dosimetry 

J Appl Clin Med Phys. 2018 Jul; 19(4): 205–213.

The data for effect on Long term 

Survivorship is yet to mature 



� What are the techniques?

� Comparison of two techniques?

� Advantages and disadvantages of both?

� Accuracy of positioning 

� Reproducibility 

� Effects on OAR doses 

� Can  they Complement each other ?

Breath Hold Techniques
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Breath Hold Techniques

• Voluntary Breath Hold 
• Assisted or Involuntary Breath Hold 



ACTIVE Breathing Control (mDIBH) 

• Spirometer-based valve system to control

to serve as a guide for DIBH.

• 75% of max Lung inspiratory volume.

• Robust reproducibility of Lung Volumes

• ABC intra‐session lung volume variation

was 1.8% (99 mL), about half of the 4.1%

(226 mL) with VIBH.*

• Assisted Ventilation –So patient can be

made compliant.

• Significantly decreases the heart dose as

compared to Free Breathing

Kaza et al. J Appl Clin Med Phys. 2017 Mar; 18(2): 154–162.



ABC 

� No intrafraction monitoring 

� Head and Arm position can vary leading 
to breast tissue displacement 

� Arching cannot be detected

� Vertical and Super-inferior displacements 
go unnoticed

� Patients with Dentures and elderly women

� Breathing techniques makes a difference  



Optical Surface 

Imaging based DIBH 

� Monitors respiratory signal and 

patient positioning simultaneously

� Robust intrafraction monitoring of 
surface – correlating with initial 
patient set up and decreased 

intrafraction imaging 

� Issues: 

� Patients with Large Breast with Folds

� Very Obese patient

� Non coplanar fields (PBI)
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Evaluation of Breath Hold Techniques

� N=23 patients 

� Compared vDIBH Vs ABC DIBH

� End points : Patient Comfort , treatment time ,Radiographer satisfaction 



Evaluation of Breath Hold Techniques

� No difference in mean displacements  

� No difference in normal tissue doses

� vDIBH less financial burden 

� Significant difference in Patient satisfaction (p=0.007) and Radiographer 
Satisfaction score (p=0.03)

� Timings 

F.R. Bartlett et al. / Radiotherapy and Oncology 108 (2013) 242–247

pvaluevDIBHABC _DIBH 

0.0224 mins27 mins Planning CT Session 

0.049 mins11 minsTreatment Set up

NS19 mins19 minsMean Total time
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ABC Vs OSI based DIBH
(Lung Volumes Vs Reference Surface Model

• Lung Volumes is not a perfect proxy for 
anatomical positioning

• Lung and chest wall position varies with 
breathing maneuver.

• Overzealous effort may lead to arching
• Variation of 2mm intrabreath hold and 2.5 

mm intrabreath hold noted on MR studies 



• Inspite of same Lung Volume  3D 
deviation difference across the whole 
volume was significant

• Becomes important in PBI and SIB boost



Radiation Oncology (2020) 15:121

N=103 patients 
Age : 32-80 years (Mean 57.7 +/- 11 years
Fractions : 1944 , Breath hold sessions 6013

Whole group:
• Mean:1.3 mm+ 0.6(95%-CI: [0.5–2.6]

• Median: 1.2 mm. (p=0.4)

Individual patient: 

Breathing amplitude between 
individual patients were different 
(p=0.007)



�N= 8 Patients

�Crossover of DIBH Technique every 4 
sessions

�2D plans – Lt. Breast and SCV

�EPID Verification and in field Lung Volume 
recorded

�Coefficient of Variation among the Lung 
volumes Calculated

Comparison of the vDIBH vs aDIBH

J Appl Clin Med Phys. 2023;e13906



Comparison of the mDIBH vs ABC 

p valueCoefficient of StabilityIntrafractiion
Stability

P=NS1.46+0.921.26+0.67Lt Lat

P=NS1.55+0.781.52+0.70scv

p valueCoefficient of StabilityInterfractiion
Stability

P=NS14.9 ± 6.0%11.0 ± 3.4%Lt Lat

P=NS14.8 ± 9%13.0 ± 2.5% scv

Parsons et J Appl Clin Med Phys. 2023;e13906

No significant difference in treatment duration and Set up time
Favoring vDIBH
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At BOC 
Best of Both Worlds 

Align RT + ABCTM

• ABC provides Robust volume
reproducibility

• AlignRT provides precise alignment
and intrafraction monitoring ,
reducing the variability with respiratory
maneuvers and BH drift



Conclusion

� The DIBH techniques offer proven advantages in breast radiotherapy via dosimetric 
sparing of organs-at-risk.

� Compared to ABC  , OSI provides real-time tracking of breast position without 
dosimetric detriment to the patient. 

� No significant difference in OAR sparing. 

� OSI is a non invasive and patient friendly.

� Future directions to include possible heart positioning which has a variance of abot
10 mm 

� OSI , Combined  with ABC and IGRT , may be a strategy to circumvent limitations of 
each . 
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