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Kaiser Permanente (KP) Northern California 

• 6 Radiation Oncology centers:

• Regional total of 19 TrueBeams, 3 Bravos HDRs
• Treat about 10,000 patients per year

• Santa Clara
• Oakland
• South San Francisco
• Dublin
• Rancho Cordova
• Roseville

https://www.britannica.com/place/California-state



Kaiser Permanente (KP) South San Francisco

• 4 TrueBeam – 2 HDMLC, 2 Millennium
• 8 Radiation Oncologist, 5 Physicists, 4 Dosimetrists
• ~1850 patients/annually
o  2025 - 387 breast

• Main stereotactic radiosurgery program
• 900 SRS & SBRT patients annually (~45% of practice)
o  ~ 2025 – 200 lung, liver and abdominal SBRT



Motion Management At Kaiser Permanente

Respiratory motion management used for over a decade for SBRT and breast EBRT

o 4DCT and breath hold CT with Varian RPM and RGSC with video feedback (VCD)

o Varian TrueBeam respiratory gating (MV, kV, CBCT and fluoroscopy)

VisionRT AlignRT™ 

Brainlab ExacTrac Dynamic ™



Motion Management At Kaiser Permanente

Respiratory motion management used for over a decade for SBRT and breast EBRT

o 4DCT and breath hold CT with Varian RPM and RGSC with video feedback

o Varian TrueBeam respiratory gating (MV, kV, CBCT and fluoroscopy)

o  50% treated in free breathing
o~40% of cases treated under breath hold
o~10% of cases treated with respiratory gating

SBRT Motion Management



Rationale for Breathing Control

Breast

SBRT



        Rationale for Breath Hold in Breast 

 RT-related cardiac disease is a significant concern in nearly all patients receiving thoracic RT.
 In breast & Hodgkin lymphoma survivors, for each 1 Gy increase of  mean DHeart , 

 7.4% excess relative risk of developing coronary artery disease (CAD). 
 Radiation Related Heart Disease
 Pericarditis
 Pericardial fibrosis
 Diffuse myocardial fibrosis
 Coronary artery disease    
 Valvular disease
 Conduction defects 

Darby SC, Ewertz M, McGale P, et al. N Engl J Med. 2013;368: 987–998.
van Nimwegen FA, Schaapveld M, Cutter DJ,et al.. J Clin Oncol. 2016;34:235–243.

Relevant to Breast Cancer 
Radiation



• No dose threshold for risk of subsequent cardiac event
• Risk apparent within 5 yr





• Identify heart & substructures during contouring phase of planning
• Heart
• Left anterior descending coronary artery (LAD)
• Left ventricle

Deep Inspiration Breath Hold - Breast



Deep Inspiration Breath Hold - Breast
Contouring guidelines and atlases exist to aid in structure identification



Free Breathing

DIBH

Blend

DIBH separates the heart & substructures from treatment field

Deep Inspiration Breath Hold - Breast


Captured with Snagit 2019.1.7.6461  





Free Breathing DIBH

LAD

LAD

LAD
LADDIBH effectively increases distance 

from the target volume to LAD, 
left ventricle and the heart

CTV

CTV

CTV

CTV

Deep Inspiration Breath Hold - Breast



Rationale for Deep Inspiration Breath  Hold (DIBH)

DIBH plans reduce dose to the heart, ventricular wall and coronary arteries

Free Breathing DIBH

Free Breathing DIBH



Stereotactic Body Radiation Therapy (SBRT) 
Lung, liver, abdomen

• Delivering high doses of radiation in a few fractions
• 1 - ~8  (1 – 5 in USA)

• Lung, liver and abdominal targets and OARs can show up to > 2 cm of motion under 
free breathing conditions

• Under free breathing, large tumor motion greatly expands treated volume

Use breath hold  (inspiration or expiration) to freeze 
motion & reduced treated volume



Inspiration Breath Hold – Lung SBRT

Maximum Intensity Projection
(MIP)

Inspiration 
Breath Hold

Free Breathing
4DCT

~ 4 cm
~ 2 cm


Captured with Snagit 2019.1.7.6461  





Breast

• UK FF and APBI Rx ~ 26/5

• IMRT, VMAT & RapidArc Dynamic (RAD) delivery (submitted ASTRO 2026)
o IMRT – 5 field, non coplanar 
o VMAT – 2 to 3 arc, coplanar
o RAD – 1 coplanar arc plus 4 to 6 IMRT ports concurrently 

•  1000 – 1500 MU
SBRT Lung, Liver, Adrenal

• Prescription ranges from 50 Gy/5 – 54 Gy/3 (rarely 34 Gy/1)

• VMAT – 2 coplanar arcs or RAD (submitted ASTRO 2026)

• 2000 – 3000 MU per field …  >> 1 – 2 minutes to deliver

• Similar applies to liver and abdominal SBRT

Breast and Lung Practice

Both require stable & reproducible breath hold times for image guidance & delivery



Clinical Example – Inspiration Breath Hold - AIR

Often observe irregular breathing patterns at end of breath hold

o Frequency increases as treatment session progresses

Air breathing patients

• Multiple breath holds for IGRT (CBCT)

• Multiple breath holds per treatment field & long breaks between to recover

Upper threshold

Lower threshold

Beam On Beam Off



60% O2 Implementation Timeline

• Spring 2020
• Initiated during COVID-19
• Original goal was 10 L /min of 60% O2

o COVID Restrictions on aerosol  limited to 7.5 L/min

• 2023 – Dr. Parkes presentation to all 6 Radiation Oncology facilities

• Limited pilot of 10 patients with Dr. Mohan
o Left-sided breast cancer
o Identify optimal equipment – nasal canula vs closed mask
o Develop coaching technique and patient education
o Compare BH time with air vs 60% O2
o Solicit patient feedback on experience

• Late 2020 – Implemented for lung and liver SBRT



Supplemental 60% O2 at Kaiser Permanente

• 600+ breast patients since 2020
o Predominantly left sided
o Increasing right sided cases where MDs want to ‘freeze’ movement

• Particularly beneficial for high MU treatments
o UK Fast Forward
o APBI with University of Calgary method or RapidArc Dynamic

• 200+ SBRT lung, liver and abdominal cases

• Mechanical ventilation has not been used in our patients



• Venturi and mask plugged into wall mounted medical oxygen supply)

•  O2 flow to the mask < 8 L/min

• VCD helps coach patient during CT-simulation. 

• Varian TrueBeam has VCD or AlignRT Real-Time Coach screen

RGSC Video Coaching Device (VCD)



Supplemental O2 Implementation

• Developed patient instructions and coaching procedure for staff

• At time of MD consult, patients receive documentation and training video



Supplemental O2 Implementation

• MD includes order for O2 into NOTES section of ARIA Prescription workspace

o Giving O2 requires an order from the Radiation Oncologist



Benefits of Supplemental O2 vs Air

• Performed a small analysis of 40 patients one year after implementation

o Waited until operational issues were worked out

• Measured breath hold times with air and 60% O2 in 40 consecutive patients

• With air, mean breath hold time ~25 seconds
• Maximum of 55 seconds

• With 60% O2, mean breath hold time increased to ~45 seconds
• Maximum of 140 seconds

• No 60% O2 patient had a shorter breath hold than they had with air



Benefits of Supplemental O2 vs Air

• Irregular breathing following 30 s breath hold with air

• Periodic & regular breathing after 60 s breath hold with 60% O2

• 60% O2 was more comfortable with repeated breath holds than air



Chest Deflation

• Differences in partial pressures of O2 and CO2 during BH lead to relaxation

• Lung volume can decrease by 0.2 to 0.5 L/min

• With long duration BH, breathing trace can decrease and trigger beam-off

Patients are not ‘leaking’ or letting air out

Let patient breathe normally, recover and then continue

Trace crosses lower threshold 
… triggers beam off



Challenges in Implementation

• It’s something new – therefore we need to manage change

“What we did before was fine”

Need continuous education…



Overcoming Resistance

• Encountered significant resistance to implementation from physicians

• Our patients do fine breathing regular air – many just don’t need it

• Giving O2 adds too much extra time to setup

• Limited time allotted for education during CT-simulation

• Cost of providing O2

• Two of four vaults had O2 hook up. Other two required O2 in cylinder

• Where to put MD order for O2

• Variation in MD desire & philosophy to incorporate O2 into practice



Practice Considerations - Education

Radiation Oncologists

Physiology of breath-holding – Not well understood and this dissuade MDs from pursuing O2

Demonstrate benefits of air vs O2
• Consider demo on MD and/or staff
• Experiencing a far longer & more comfortable BH can be very convincing

Dispel misconceptions about difficulty of implementation
• “yes, it requires 5 minutes extra at CT-simulation… but we gain back far 

more time during treatment”
• “we don’t want patients having uncomfortable breath holds because this 

leads to unwanted movement and overall inaccuracy”

Perception of time is very important in a busy clinic

At Kaiser, we have 45-minute CT-sim slots (rate limiting step)
 Cannot add more steps that will significantly take away this limited time
 Not every patient needs a breath hold



Practice Considerations - Education

Radiographers / Radiation Therapists

Physiology of breath-holding – May be poorly understood

Importance of patience
• Better to let a patient who is struggling to maintain a BH take a breath 

and recover then to push through to finish the field

Practical considerations
• Chest deflation – the patient is not ‘leaking’

• Optimization of imaging – 
• MV / kV rather than kV / kV or kV / MV
• CBCT modes that favor shortest arc
• SGRT workflows that favor shortest

Don’t wait to give 60% O2 until the patient has issues on treatment !!



Patient Feedback

• Shown to be beneficial for majority of patients

o Less tired at the end of treatment session

o Decreases time between breath holds

o Improves stability during breath hold

o Decreases tendency of patients to move as they recover 

• Some patients report dryness that requires them to cough

• A subset are difficult to coach into a breath hold with air or O2
• Language barriers, comprehension of instructions, physical limitations



Conclusions

• We’ve now treated ~ 800 patients over 6 years with 60% O2

• Observed a large increase in mean breath hold times with O2 compared to air

• Patients are more resilient to long imaging and treatments when provided O2

• Good patient selection is still required

• When the only tool you have is a hammer, everything starts to look like a 
nail

• Overall, adding O2 has helped ease many patients’ treatment 
course and improved accuracy of treatment delivery as a result
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Thank you
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