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Comparison of Imaging Modalities for
Image-guided Radiation Therapy (IGRT)

Kei Kitamura:?, Laurence E Court"
and Lei Dong"

The use of a new integrated CT/LINAC combination, in which
the CT scanner is inside the treatment room, and the same
patient couch is used for CT scanning and treatment, should
allow for accurate and precise correction of interfractional
set-up errors. Comparison of intentional shifts in phantom
position as detected by the CT system with shifts detected
by an ultrasound localization device commonly used for
prostate localization, and by an electronic portal imaging
device, showed the standard deviation of set-up uncertain-
ties to be within Imm in all directions for each modality.
The agreement between the modalities was within 2.6 mm,
1.6mm and 1.7 mm in the superior-inferior (SI), anterior-
posterior (AP)and right-left (RL) directions, respectively. All
these modalities are, therefore, suitable for image-guided
radiation therapy applications. The choice of modality can
be made based of factors such as anatomical site, inter-user
variations, and patient set-up.
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Fig. 1
The mechanical arm of the BAT system is shown attached to the LINAC gantry for initial
calibration of the cart position with respect to isocenter.

LINAC with EPID, BAT, and EXaCT.

Table 1 Comparison of CT-on-rail, EPDI, and BULD.
CT-on-rail EPID BULD
Image-forming radiation  Low energy x-rays (120 kV) High energy x-rays (6 MV) Ultrasound

Link to LINAC isocenter

Mechanically linked by
180 degree table rotation

Mounted on the LINAC gantry

A mechanical arm is connected to
the LINAC head before localization

Image dimension

Reconstructed 3D

Two orthogonal projection 2D images

Two orthogonal reconstructed
2D images

Registration with
treatment plan

True 3D registration by either

overlaying CTV contours,

or automatically registering
planning and daily CT images

2D registration by registering DRR
with daily image

2.5D registration by overlaying
CTV contours with daily ultrasound
images

Suitable anatomical sites

Any site. Very large patients
will not fit in the bore of the

CT gantry

Bony structures. Large patients can
be difficult to image

Mainly Prostate. Large patients can
be difficult to image

Image quality

High contrast, good SNR,
good spatial integrity

Noisy, poor spatial resolution.
No soft tissue discrimination

High contrast at structure interfaces.
Noisy images

Patient setup precision

Medium-high

Low-medium (high for bony structures
or fiducials)

Medium. Inter-user variations can be
significant

Approx. patient setup 6—15 min (depends on 5 min (two orthogonal images) 5 min
time anatomical site and registration

method)
Dose considerations 1—4 cGy 2—10 cGy None

Footprint Large treatment room needed  No additional space requirement as Some addition space required to
for installation integrated into LINAC gantry store mobile cart
QA load Medium (more involved QA) Low Low

Post-treatment calculation
of patient dose

Daily doses can be accurately
calculated from daily CT images

Some limited dose calculations possible

No post-treatment dose calculation
possible

Operator training

High

Low

Medium

Cost

High

Low

Low
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Fig. 2 The BAT phantom.
A: photograph

B: EPID image

C: BULD image

D: CT image
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Table 2 Difference from intended shifts in each modality

Setup differences (mm)
Max. range (mm)
EPID BULD CT-on-rail
LR 00+04 0.1+05 05+04 1.7
S| -02+04 0.1 +1.0 -0.4 +06 2.6
AP -0.3+£05 0.3 +0.3 02+04 1.6

LR: left-right; SI: superior-inferior; AP: anterior-posterior.
Max. range is the maximum range of setup positions between the three modalities.
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