
Effects of simulated systematic applicator displacement in intra-cavitary HDR cervical 
brachytherapy

Conclusions
The greatest mean increase in dose to bladder occurred with
displacements anteriorly and to rectum and bowel posteriorly, in
keeping with anatomical locations. Applicator displacements as
small as 1 mm can result in increases in D2cc of >5% and
dosimeters should have the ability to detect displacements at
least as small as this. The effect of applicator displacements on
bladder and rectum subsections is important for determining the
optimal positions for dosimeters.
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Purpose
To simulate systematic applicator displacements in intra-
cavitary HDR cervical brachytherapy with the view to
determining the required accuracy of in vivo dosimeters,
developed as part of the EU H2020 ORIGIN project [1].

Methods 
20 CTs performed prior to the first fraction of intra-cavitary
HDR cervical brachytherapy were included. Organs at risk
of interest were bladder, rectum and bowel. The bladder
and rectum were divided into sections of superior, middle
and inferior along divisions of the upper, middle and lower
third of the high risk clinical target volume (HRCTV) (Fig. 1).

The ring and tandem applicator was systematically
displaced in 1 mm increments from 1-6 mm in cranial,
caudal, anterior, posterior, left and right directions along
the plane of the central tandem to simulate applicator
displacement between planning CT and brachytherapy
delivery.

The D2cc (minimum dose to the most irradiation 2cc) was
calculated for each displacement and compared to the
original planning CT.

Results
The greatest mean increases in D2cc occurred in the anterior
direction for bladder and posterior direction for rectum, with
increases of 5 ± 2%, 19 ± 4% and 37 ± 9% to bladder and 3 ± 2%, 12
± 5% and 25 ± 9% to rectum for 1, 3 and 5 mm shifts in each
respective direction. The greatest mean increases in bowel D2cc
occurred with posterior displacement with increases of 3 ± 3%, 12 ±
8% and 26 ± 14% for 1, 3 and 5 mm shifts respectively.

The inferior bladder experienced the greatest percentage change in
D2cc with 1, 3 and 5 mm anterior shifts resulting in mean increases
of 5 ± 2%, 17 ± 3% and 34 ± 7% respectively. The middle part of the
rectum experienced the greatest percentage change in D2cc with 1,
3 and 5 mm posterior shifts resulting in mean increases of 3 ± 2%,
13 ± 3% and 27 ± 7% respectively.

Wide deviations in mean D2cc occurred with increasing
displacement, with shifts of 6 mm resulting in changes of 49 ± 11%,
-21 ± 4% and -8 ± 9% in the anterior, posterior and right directions
for the bladder, 28 ± 6%, 44 ± 14%, -15 ± 6%, 32 ± 12%, -13 ± 6% and
-8.5±6.9% in the cranial, caudal, anterior, posterior, left and right
directions for the rectum and 34.1±17.5% in the posterior direction
for the bowel.

Displacements in the caudal and left directions had the least mean
changes for bladder at 2.4±2.3% and 3.6±7.4% at 6 mm respectively.
Displacements in the cranial and caudal directions had the least
mean changes for bowel at -1.0±6.3% and -0.5±5.6% at 6 mm
respectively.
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Fig. 1. Sagittal view of the female pelvis with ring and tandem applicator
in situ illustrating the methods of division of the bladder and rectum into
subsections.
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