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Overview 

• What / why?
• Therapist latency
• Manufacturer claims / guidance docs
• Method
• Results
• Clinical significance



• Latency
• Lag time
• Temporal accuracy for dynamic 

radiation delivery
• Beam hold performance
• Latency threshold
• Trigger performance
• Beam off

==Patient moves… 
   radiation goes off!



Why does latency matter?

Dose

Position



Therapist latency!



Therapist latency!



Manufacturer specifications
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End-to-end latency includes linac component

• RPM aka RGSC represents the 
linac component

• Measured w/ MV panel method

=38 ms



GUIDANCE DOCUMENTS
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Tracking Performance – Free 
Breathing-Gating Check, 
Lag Time 200 ms 



METHODS

Scintillating crystals

MV panel



QUANTIFICATION OF BEAM 
LATENCY USING ALIGNRT 



QUANTIFICATION OF BEAM 
LATENCY USING ALIGNRT 

MV panel
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QUANTIFICATION OF BEAM 
LATENCY USING ALIGNRT 

MV panel



•Elekta and Varian

RESULTS



•Elekta and Varian

•AlignRT v6 & v7 / ROI 
& patch (Vision RT)

• Identify (Varian)

•Catalyst (C-RAD)

•ExacTrac Dynamic 
Surface (Brainlab)

RESULTS
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Measured data

Manufacturer spec.

RESULTS

MV panel
(except 
BrainLab)





SBRT lung – clinical 
impact of latency

Free-breathe / DIBH latency threshold <200 ms?
(for 2%)

2400 MU/min

40 MU /s
8 MU delivered in    → 200 ms

1000 MU /# 0.8%

2.0% 2.5 Beam holds
(TG142 
threshold)



DIBH breast – clinical impact of latency



DIBH breast – clinical impact of latency

• Based on SimRT data: 4 mm/s “breath velocity”
• 500 ms == 2 mm
• @600 MU/min: 5 MU incorrectly delivered
• For 2.6 Gy /beam/day, patient with poor compliance
• ~9% incorrectly delivered
• 200 ms latency tolerance allows 13 beam holds for 2% dose 

impact

• Whole breast PTV lower significance than boost or nodal 
involvement

(TG142 
threshold)

(TG142 
threshold)



Gated SBRT lung – 
clinical impact of latency

Inputs
• Amplitude
• BPM
• Latency
• Interrupt phase
• Cos^4
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Inputs
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Gated SBRT lung – 
clinical impact of latency



Inputs
• Amplitude
• BPM

Gated SBRT lung – 
clinical impact of latency



Inputs
• Amplitude
• BPM

SBRT lung – clinical 
impact of latency

“Worst case”
(90% patients)

Gating latency 
threshold <100 ms

(for 2 mm)
(TG142 

threshold)

Respiratory module 
latency [ms] n=2

AlignRT Catalyst
84 144



“Best case”
Amplitude = 5 mm
BPM = 12

• Gating required >5mm
• 95% patients have 3d mag 

motion <15mm
• 90% people 11.8-19.2 bpm

Gating latency 
threshold <250 ms

“Worst case”
(90% patients)

Gating latency 
threshold <100 ms

(for 2 mm)
(TG142 

threshold)

Respiratory module 
latency [ms] n=2

AlignRT Catalyst
84 144



Conclusions / summary
• Latency matters:

• Measure it
• Tolerances – DIY, but <100 ms for gating, else <200 ms for compliant 

patients
• For latency commissioning / annual QA
• & for real-time delta SGRT thresholds

• Lower is always better
• Vision RT has lowest latency of any SGRT vendor (and only one to 

meet thresholds above)
• Use auto beam hold (not therapist beam off)

Thanks to!: Steve Moloney (latency spreadsheet), RT teams @ Velindre (Cardiff) / 
Singleton (Swansea) / Glan Clwyd (N Wales), Alex Papangelou (code)

Joshua.Naylor@UHD.NHS.UK
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