Intra- and interfractional movements of the BeamCath urethral
catheter for image-guided radiotherapy of prostate cancer
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Introduction
|

Radiation treatment of prostate cancer is characterized by the
necessity of a very high dose to the PTV region and a narrow margin
to one of the risk organs, the rectum. A high geometrical precision is
therefore needed. Both the prostate and the rectum have a large
mobility. Daily patient positioning based on the location of the
prostate itself can contribute to a significant margin reduction. Image
guided prostate localization can be obtained by the BeamCath
urethral catheter, which contains radiopaque fiducials for prostate
visualization.

The catheter is held in place by a
balloon inflated with air in the
bladder and a weight pulling in the
caudal direction [1].

In order to determine an appropriate CTV to PTV margin the position
of the catheter relative to the bony anatomy and linac isocentre was
investigated for repeated BeamCath sessions.

Methods and Material
|

The BeamCath technique was investigated for 52 prostate cancer
patients with a catheter inserted at the planning CT scan. The patients
were treated with four primary boost fractions of 2 Gy with the
catheter inserted and a narrow margin. This was followed by 70 Gy in
35 fractions without catheter and with a larger margin. All images
were analogue portal films.

After insertion of the
catheter, a balloon at its
distal end was inflated
with 10 ml of air inside the
bladder.

Since the inner-most
fiducial is aligned with the
caudal end of the balloon,
it will ideally be adjacent
to the base of the
prostate.

The second fiducial, will be located 2 cm within the prostate. The
isocentre was always planned to coincide with this fiducial, which we
term the BeamCath isocentre fiducial.

Identifying displacement on the films online

At treatment, a beam axis marker was mounted in the tray holder of
the accelerator. A left-lateral setup film was used for alignment of the
BeamCath isocentre fiducial with the beam axis before treatment.
After couch adjustments, portal films of the left-lateral and right—
lateral treatment fields were acquired for setup verification. If
necessary, further adjustments were performed after each portal film.

Identifying displacements on the films offline
After the treatment session, the setup film and two portal films were
evaluated off-line together with a digital reconstructed radiograf
(DRR) of the planned fields. Intra- and interfractional catheter
movements were analyzed.

Results

Intrafractional displacement of the BeamCath isocentre fiducial
relative to the table top in the craniocaudal (CC) and
anterioposterior (AP) directions.

The intrafractional CC catheter movement showed a tendency of a
gradual caudal movement.

Interfractional displacement of the BeamCath isocentre fiducial

relative to the bony anatomy in the CC and AP directions
The figure shows the
BeamCath isocenter fiducial
shifts observed on all lateral
setup films after pelvic bone
registration with the planning
DRRs. The area of a circle is
proportional to the number of
images with the displacement
in question. Positive values
correspond to cranial and
anterior shifts.

Red symbols: 11 cases of misplaced |sb systematic SD random
catheters. Blue symbols: Two images
acquired before bladder emptying through
the catheter. Green symbols: One patient
with a large systematic displacement due to
large rectal filling at the.plannlng CT scan. figure were excluded from the
Black symbols: All other images. calculation

In 5 % of the setup films (red symbols), large caudal catheter
displacements of 7-30 mm along the urethra were observed. This was
most often associated with a reduced volume of the air-filled balloon.
Recatherization led to catheter positions closer to that of the planning
DRR.

Spp=27mm s,,=1.6mm
Scc=2.4mm s..=2.0mm

Systematic and random errors of
the setup images.
The red and blue symbols in the

BeamCath catheter position relative to the pelvic bone for three
selected patients
(@) A patient with good
reproducibility of the catheter
position within the pelvis at
the four boost treatment
fractions

(b) A patient for whom the
catheter was displaced
caudally along the urethra
at one of the four treatment
sessions (red circles). The
balloon appeared smaller
than usual. Green symbols:
Catheter position after re-
catherization.

(c) A patient who had a
filled bladder at one of the
four treatment sessions (red
circles). The green symbols
show the catheter position

after emptying of the
bladder through the
catheter.

Conclusions
|
In the AP direction, which is most critical with regard to rectum
sparing, the BeamCath technique allows a narrowing of the CTV to
PTV margin. However, the technique seems to suffer from instabilities
in the direction of the urethra. Further insight can be obtained from an
analysis of the repeated CT scans where prostate and catheter
movement can be separated (submitted for publication).
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