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Results and Discussion

The translational (+/-0.2cm) action level 
was achieved in 88%, 79% and 94% of 
measurements for vertical, longitudinal 
and lateral directions respectively—only 
one instance breached +/-0.5cm action 
level (Fig 1).

The rotational (+/-1°) action level was 
achieved in 89%, 82% and 86% of 
measurements for pitch, roll and yaw 
respectively (Fig 1).
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For current action levels, the linear fit model suggests repeating image 
verification every 3.2 minutes and 4.4 minutes for translational and 
rotational directions respectively. This compares well with the literature; 
where for mitigation of  intrafractional motion, it is recommended that 
image verification should be repeated after 6 minutes[6].

Aims 
The main objectives of this service evaluation was to appraise current SABR 
IGRT protocols at Clatterbridge and ascertain the importance of the mid-
treatment CBCT imaging for accurate treatment delivery and if the workflow 
could be streamlined. To complete this the following was considered:

1. Quantify the intra-fractional motion during SABR utilising the mid-
treatment CBCT data.

2. Evaluate the significance of online repositioning of the patient mid-way 
through treatment.
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Couch corrections in the vertical direction (cm)

≤ -
1.2

≤ -
1.1

≤ -
1.0

≤ -
0.9

≤ -
0.8

≤ -
0.7

≤ -
0.6

≤ -
0.5

≤ -
0.4

≤ -
0.3

≤ -
0.2

≤ -
0.1

≤ 
0.0

≤ 
0.1

≤ 
0.2

≤ 
0.3

≤ 
0.4

≤ 
0.5

≤ 
0.6

≤ 
0.7

≤ 
0.8

≤ 
0.9

≤ 
1.0

≤ 
1.1

≤ 
1.2

>
1.2

Pre-CBCT 3 0 0 0 3 1 2 3 3 6 6 15 7 9 6 6 6 10 11 9 9 4 2 6 4 8

Mid-CBCT 0 0 0 0 0 0 0 1 3 6 17 38 29 35 8 1 0 0 1 0 0 0 0 0 0 0

0
5

10
15
20
25
30
35
40

Fr
eq

ue
nc

y

Couch corrections in the longitudinal direction (cm)
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Couch corrections in the lateral direction (cm)
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Couch corrections in the pitch direction (degrees)
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Couch corrections in the yaw direction (degrees)
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Couch corrections in the roll direction (degrees)

Introduction
On-treatment image verification is essential for target localisation for 
abdominal stereotactic ablative body radiotherapy (SABR) with steep dose 
gradients. Linac-based image guided radiotherapy (IGRT) strategies involve 3D 
and 4D kV volumetric cone beam computed tomography (CBCT) imaging [1].

There are currently no strict national IGRT protocols for SABR treatments 
within the UK, despite recommended guidelines from the SBAR consortium [2]. 
Due to  varying technologies and procedures adopted between radiotherapy 
departments both nationally and internationally, direct comparisons across 
centers is convoluted [3].

With the increasing number of SABR treatments, it has become necessary to 
streamline the treatment workflow without impeding treatment accuracy [4].

Thirty patients, treated in a full-body vac bag with 
arms above their heads, undergoing liver or 
adrenal SABR were evaluated. Intra-fractional set-
up error data was obtained retrospectively in 6 
degrees of freedom (DoF). The absolute values of 
139 CBCT images, acquired midway through 
treatment, were used to attain the absolute values 
in each DoF to represent the magnitude and 
direction of intra-fractional motion.

At Clatterbridge, the action levels for escalation were 2mm and 1° for 
translational and rotation couch corrections respectively.

Overall 3D translational displacements and rotational maximum angles were 

calculated using the formula:  3𝐷 𝑣𝑒𝑐𝑡𝑜𝑟 = 𝑋2 + 𝑌2 + 𝑍2

Pearson's (r,p-value) correlation coefficient was the statistical test used to 
quantify the relationship between overall treatment time, 3D translation 
vectors and rotational maximum angle to identify any potential links.

Methods
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Across all fractions, the mean overall treatment time was 15.7 (±4.7) 
minutes; range 9.5-41.4 minutes (Fig 2). The longest times involved 
exhale breath hold (EBH), with a mean of 21.0 (±6.7) minutes. Reducing 
the time patients remain within uncomfortable immobilisation should 
be a priority considering patient experience and compliance [5]. 
From statistical analysis, the Pearson (r, p-value) correlation coefficient 
for the 3D translational vector and rotation maximum angle, in relation 
to time, was (r = 0.166, p <0.051) and (r = 0.276, p < 0.001) respectively, 
revealing a weak positive correlation between movement and time (Fig 
3), consistent with other published studies [6].

Conclusion
This service evaluation quantified intra-fractional motion in 6 DoF for patients who underwent liver and adrenal SABR. Our chosen immobilisation 
seems effective for limiting intra-fractional motion. However, some inconsistencies in motion are still present. Although further dosimetric analysis 
would be helpful, the overall results here, and the relationship between the rate of intra-fractional motion and couch corrections, are promising in 
considering a move towards a more streamlined IGRT workflow; where no mid-treatment imaging is undertaken.
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