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A critical evaluation of internal organ immobilisation techniques

P. Bridge

Faculty of Health and Wellbeing, Sheffield Hallam University, Sheffield, UK

Abstract

This paper aims to evaluate the range of techniques available to minimise both interfraction and intrafraction
errors. The main interfraction errors are due to changes in volume of the rectum and bladder. Intrafraction errors
are mainly due to respiration and to a lesser extent cardiac motion. There are various methods of minimising inter-
nal organ motion that attempt to permit reduction of the internal margin around the clinical target volume (CTV).

Techniques such as rectal balloon insertion and breathing control are evaluated to determine their role in
reduction of margins for improved conformal radiotherapy. The paper concludes that rectal balloons have been
shown to permit limited reduction of internal margins and morbidity levels. Breathing control has not
increased reproducibility, but has allowed for reduction in lung morbidity. Reduction of margins can only be
recommended when using breathing control in conjunction with daily CTV relocalisation.

Although these techniques do have a role to play at the moment, it appears that attempting to maintain
a static environment within the highly mobile patient is fraught with difficulties and we must accept that
there is always going to be motion. Rather than attempting to control the position of the tumour, future
developments such as adaptive radiotherapy and tomotherapy may account for the movement.
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INTRODUCTION

The driving force behind improvements in radio-
therapy is the improvement of the therapeutic
ratio.The key to increasing this ratio is the use of
conformal radiotherapy, using beam delivery inno-
vations such as multileaf collimators (MLCs) and
intensity modulated radiotherapy (IMRT) com-
bined with improved tumour localisation with
multiple imaging modalities.Most centres embark-
ing on conformal radiotherapy have endeavoured
to improve immobilisation techniques to ensure
that the patient position is sufficiently reproducible
to allow a decrease in the set-up margin.

Geometrical errors from the machines, such as
field size or measurement in angles can potentially
be a source of error, although current manufac-
turer specifications mean that this is minimal.1

Despite these improvements, there still remain
considerable sources of uncertainty in CTV posi-
tion that have the potential to render a conformal
approach ineffective.There can be large variation
in the relative position of internal anatomy on a
daily basis. As Wu et al commented: “Prostate
motion is the major source of error in radiation
treatment delivery for prostate cancer.”2 [pp 69]

Increasing use of EPI systems to verify repro-
ducibility can only ever provide reassurance that
fields are in the same position with regards to
skeletal anatomy as on localisation films. EPI’s can-
not demonstrate changes in position of soft tissue
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CTV structures or take into account differences
between the “snapshot” localisation position and
daily treatment positions. For true improvements
in therapeutic ratio to be gained from conformal
radiotherapy, this uncertainty in CTV position
needs to be reduced. If internal motion can be
accurately measured, then an appropriate “inter-
nal” margin can be added onto the CTV.3

Numerous studies have measured the errors associ-
ated with different tumour sites, as discussed by
Langen and Jones in their excellent review article.4

But for reduction in internal margin (and the asso-
ciated dose escalation) it is not sufficient to meas-
ure the internal motion; it must be minimised.

The purpose of this paper is to describe briefly
the sources of both interfraction and intrafraction
errors and then evaluate the range of techniques
available to minimise them. The implications of
their use and their role in conformal radiotherapy
will be assessed. The role of “external” patient
immobilisation techniques will not be examined;
although it must be stressed that “internal” immo-
bilisation can only be made possible if used in
conjunction with state-of-the-art daily patient
position reproducibility.

INTERFRACTION ERRORS

Uncertainty in CTV position on a daily basis is
mainly due to variation in contents of the digestive
and urinary systems.This variation can affect treat-
ments to the bladder and digestive tract as well as
adjacent structures such as the prostate and cervix.

Bladder volume
It has long been accepted that bladder filling can
have a significant effect on position of pelvic
structures, which has led to some authors5 recom-
mending 2 cm margins for use with bladder boost
treatments.

Numerous studies have researched the effect of
bladder filling on reproducibility of adjacent organ
position. In one typical study,6 dual CT scans of
29 prone cervix/endometrium patients were
performed to measure the effect of full and empty
bladders on cervix position.The mean movements
of the cervix due to bladder filling were found to

be 7 mm cranially and 4 mm posteriorly, with
minimal lateral movement.

There are a large number of studies7–11 into
uncertainty of prostate position, but few of these
investigate the effect of bladder status alone. Studies
investigating the effect of bladder variation on
prostate motion are severely hampered by the
much larger impact of variations in rectal volume,
as will be discussed shortly.Adequate control of the
rectal volume needs to be in place in order to
determine the effect of bladder volume accurately.

Controversy surrounds the reported time-trend
in bladder volume, with bladder size decreasing by
up to 4% per week.12 Antolak et al.13 noted that
there is a decrease in volume between the plan-
ning CT and the first fraction. Other authors8

have disputed this and found an increase in blad-
der volume between planning and treatment due
to possible retention or obstruction. They also
found that bladder volume was constant through-
out treatment, although this study did involve
some control of rectal contents. These results
suggest that variations in rectal volume can affect
the bladder.

Despite this, personal experience has shown
that bladder volume is much more routinely con-
trolled than rectal volume. It is accepted that most
departments will exert some degree of control
over patient bladder status, although few will
attempt to discuss rectal voiding.

Rectal volume
Many studies have been performed to examine
the variation of rectal volume and have demon-
strated a reduction in volume of up to 6% per
week.12 Indeed, a recent study14 confirmed that
rectal volume is subject to a larger systematic error
than random errors. Miralbell et al.7 used weekly
CT scans of prostate patients to determine that
the ratio of treatment CTV: simulator CTV was
0.98 � 0.11. Of further interest was the discovery
that both rectum and bladder were similarly larger
during treatment (ratios of 1.17 and 1.16 respect-
ively), demonstrating a large systematic error. Of
more relevance for this paper, however, was the
increased variation in volume of the rectum
(� 0.56) when compared to the bladder (� 0.25).
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This further demonstrates the need for increased
rectal volume control.

Other sources
Other sources of interfraction errors are tumour
or patient response, for example changes in patient
contour or position15 as radiotherapy progresses or
shrinkage of the tumour16. These cannot be
improved upon using immobilisation procedures,
but require a commitment to adapt the treatment
plan to the changing volume.This is beyond the
scope of this paper.

INTRAFRACTION ERRORS

If interfraction errors can be accounted for before
each fraction, the tumour position during the
fraction can be assumed to be constant.
Intrafraction errors, however, offer no such guar-
antee due to the short timescale of the variations.
Intrafraction errors are due mainly to the respira-
tory system and to a lesser extent to cardiac
motion. Although this primarily affects thoracic
treatments, the effect can also be transmitted along
the body to the abdomen and pelvis.17 The mag-
nitude of intrafraction error in the thorax varies
with position of the tumour from the lower lobe
(5–22 mm) to the hilum (3–15 mm)18.The direc-
tion of motion is greatest in the superior-inferior
direction (around 12 mm) with motion in other
directions being around 2 mm.

The thorax is not the only tumour site affected
by breathing. A study that generated fluoroscopic
movies of gold markers demonstrated a link
between prostate motion and breathing for differ-
ent treatment positions.17 It was found that
prostate motion due to respiration was �1 mm
when supine, but rose to 0.9–5.1 mm when prone.
Another contributing factor to pelvic motion
with breathing has been shown to be the use of
thermoplastic shells.19 In both cases, restriction of
the abdominal motion has “internalised” the
respiratory motion, causing rhythmic compression
of the abdominal and pelvic organs.

A lesser factor causing intrafraction error is
cardiac motion. Seppenwoolde15 et al’s correlation
of lung tumour motion with cardiac frequency
found that tumours close to the aorta experienced
intrafraction motion from 1 to 4 mm induced

by heartbeat. More distant tumours were not
significantly affected.

“INTERNAL” IMMOBILISATION
TECHNIQUES

It can be seen that there are 3 main contributors to
internal organ motion: bladder contents, rectal
contents and respiratory motion.The remainder of
this paper will evaluate the range of techniques and
equipment available for immobilising these 3 main
problem areas. Each problem will be addressed
individually with a description and evaluation of
relevant clinical results.The implications of the use
of any equipment will be assessed in terms of
patient comfort, time, cost and staff training issues.

Bladder contents
The conventional method of encouraging patients
to fill or void the bladder prior to treatment may
not be effective at ensuring constant position of
adjacent organs.20 A study that used 80 cc of fluid
in a urinary catheter balloon observed improved
bladder immobilisation, but deemed reproducibil-
ity to be unsatisfactory.5 This may be linked to
patient discomfort or the relatively small volume
of fluid in the balloon. Further studies into strict
fluid control or increased volumes in a urinary
balloon are indicated. As discussed previously,
however, the effect of bladder volume variations is
dwarfed by the effect of rectal fluctuations.

Rectum contents
The simplest way to improve reproducibility in
the pelvic region is to advise the patient to attend
for radiotherapy with an empty rectum and
encourage pre-treatment voiding. Stroom et al’s21

suggestion that laxatives can produce a more sta-
ble volume may be of value, but with diarrhoea
being a major side effect of pelvic radiotherapy,
medics may be reluctant to prescribe them. Even
when empty, the position of the rectum can vary
and cause interfraction errors. Rectal balloons
containing a known volume of fluid or air can be
used in conjunction with voiding or a laxative to
stabilise rectal volume and position.

Most of the research into rectal balloon use has
been concentrated on radiotherapy to the
prostate.When the balloon is inflated here, it pins
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the prostate against the pubic bone.23 The volume
of air used to inflate the balloon varies from
40 cc24 to 100 cc.23Table 1 suggests how the repro-
ducibility of prostate position may improve with
increased balloon volume, although differences
between the 2 studies inhibit a direct comparison.
In fact, studies have yet to determine the optimal
volume for improved reproducibility and min-
imum patient discomfort.24 This may be due to
the variation in rectal capacity between patients.

Wachter et al.25 analysed CT scans at start and
end of the course for 10 prostate patients to
investigate the effect of rectal balloons on prostate
position changes. They had empty bladders and
rectal balloons were inserted. The study found
5 mm or more changes in the position of the post
prostate border in 80% of patients with a deflated
balloon and only 20% of patients with 40 cc of
fluid in the balloon. Improvements such as this
can allow for realistic reduction in margins for
more conformal treatments.

The inflation of a rectal balloon has the added
advantage of increasing the distance of the poster-
ior rectal wall from the region of high dose.
A prostate planning study determined that the
mean ratio of the rectal high dose volume for an
inflated balloon (60 cc) compared to a deflated
one was 0.61 (p � 0.01).22 This means that an
inflated rectal balloon offered a sparing of 39% of
high dose volume. This study was hampered by
the use of a variety of external immobilisation
positions with patients lying prone or supine,
which may have introduced further errors.26

Teh et al.23 assessed 116 patients’ tolerance to
rectal balloons containing 100 cc of air. 58.6%
had “no problem”, the rest reported it to be
“uncomfortable but tolerable”, although 2 patients
had small build and requested a reduction in air
volume to 50 cc. Good patient tolerance was also
reported for a year’s experience of routine rectal
balloon use.22 Some of these patients required 

topical ointment treatment, but all were able to use
the balloon for the duration of the course.

The extra time needed for daily balloon place-
ment has been estimated at 2–3 minutes per
fraction.22 Ultrasound checks to determine the
positions of the prostate and balloon were also
performed in this study, although it is not clear
whether this was included within the extra time.
Cost was minimised by wrapping each patient’s
balloon in a fresh disposable condom for each
fraction.

Migration of the balloon superiorly in relation
to the prostate throughout the radiotherapy
course has been reported.24 This implies poor
reproducibility, but the authors did not position
the balloon as strictly as other researchers and
pulling the balloon till it rests on the sphincter
may have minimised this effect.

Respiration
Control of breathing is more problematic than
maintaining constant rectal volume since the
motion cannot be suspended completely and is
continuous throughout the fraction.The internal
immobilisation solutions are centred on either
minimising the magnitude of the motion or gating.

An abdominal press has been utilised success-
fully to reduce lung tumour movement.27 Patients
experiencing over 5 mm movement under fluoro-
scopy had abdominal pressure applied. The daily
set-up errors were reduced to less than 5 mm.
Patient comfort was not reported in this study, but
some compromise could be expected if breathing
is forcibly restricted using external pressure.

A more elegant approach to reducing intrafrac-
tion errors due to respiration is gating. Breathing
is monitored such that radiation can be delivered
at a consistent point in the breathing cycle. The
efficacy of this technique can be improved by
encouraging breath-holding and increasing the
dose rate to maximise the short irradiation times.

Respiration can be monitored in a variety of
ways.Temperature sensors or a spirometer can meas-
ure the airflow. Other authors have utilised a strain
gauge around the torso,28 an LED displacement

Table 1. Typical prostate motion with rectal balloons

Authors Number of Air volume in SD AP SD SI SD LR
patients balloon (cc) (mm) (mm) (mm)

Teh et al.23 10 100 1 1.78 1
Patel et al.22 5 60 2.6 3.1 1
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monitor29 or video cameras30 to measure the respi-
ratory cycle.Techniques can be taught to the patient
to enable them to maintain breath holds for 12–16
seconds.30 This allows the treatment to be delivered
in typically 1 or 2 breath holds per field.Kim et al.30

successfully allowed the patient to gate the treat-
ment themselves with an interlock switch. A high
degree of patient compliance is essential for this to
be successful, and most authors prefer to retain con-
trol of the irradiation.

The potential benefits of controlling respiration
were neatly demonstrated by a study that triple-
planned patients.31 Plans were generated for
free-breathing (with normal 1 cm margin), deep
inspiration hold (normal 1 cm margin) and deep
inspiration hold (margins determined by fluo-
roscopy).There was a mean reduction of 33% in
the percentage of lung volume receiving 20 Gy,
offering a significant reduction in morbidity.

Patient discomfort is not compromised with
these techniques since the patient judges how
long they can hold a breath for. Poor patient
compliance can produce variations due to differ-
ent positions of breath-hold, air leakage, COPD
and variation in exhalation effort. The ABC
system, as described by Wong et al.32 was designed
to address these problems.

Several authors have studied the effect of ABC
on the volume of lung in the high dose region.
Cheung et al.33 took daily CT scans of peripheral
non-small cell lung tumours over a 5-day period
with and without ABC at maximum inspiration.
Inspiration breath hold could potentially increase
the total lung volume and hence decrease the
percentage of lung in the treated volume. This
depends on the site of the tumour as suggested by
Remouchamps.34 The study found that ABC
reduced the volume of lung in the PTV by 18%
and the volume receiving the critical 20 Gy dose
by 13% (p � 0.002). Interestingly, the authors did
not recommend reducing the 1.5 cm margin as
one might expect the ABC apparatus to allow,
instead noting considerable variation in position.

Reproducibility of lung volume is also desirable
in other tumour sites. Moderate deep inspiration
(75% of maximum) breathing control was evalu-
ated with 30 patients receiving radiotherapy to

the left breast.34 Conversely to Cheung et al, the
authors concluded that they could reduce the
internal margins to 3–4 mm (when analysing
motion of the upper 2/3 of the lungs) and
6–7 mm (lower 1/3). A more recent study evalu-
ated the potential role of ABC for improving
delivery of IMRT to the breast.35 The study
concluded that ABC did not make a noticeable
improvement in breast dose although, as the
authors postulated, irradiating at deep inspiration
would have the added benefit of increasing the
distance from the heart to the chest wall.

The liver is another site where respiratory
motion can affect tumour motion. ABC has been
shown to produce less than 1 mm of movement of
liver tumours compared to 4 mm movement with
free breathing.32 This excellent intrafraction
reproducibility was confirmed by a fluoroscopic
study.17 Unfortunately this study also highlighted
considerable interfraction variability, with a mean
standard deviation of 4.3 mm cranio-caudally.This
implies that the apparatus can immobilise the
breathing cycle at the same point during a fraction,
but the point at which it can do this varies on a
day-to-day basis.This may be because it does not
rely on an accurate measurement to determine the
breath hold position, but rather depends on a com-
parison to the end of normal expiration.This vari-
ability means that margins cannot be reduced.The
intrafraction error can be reduced, but an underly-
ing interfraction error has been discovered. The
authors of this study recommended PTV shrinkage
ONLY in conjunction with daily relocalisation.

This finding is common to many studies into
ABC and may be one of its limitations. One study
reported sufficient confidence in a voluntary
breath-holding technique to decrease margins and
increase dose from 69.4 Gy to 87.9 Gy.36 This
study relied on weekly portal films to ensure
reproducibility, however, which may have induced
false confidence.More recent studies have demon-
strated that internal positioning errors are still
occurring. It can be seen, then, that the ABC
equipment can reduce the volume of lung receiv-
ing a high dose, but cannot allow a reduction in
margins and escalation of dose.While this is good
news in terms of pulmonary morbidity, the antici-
pated improvements in conformality and dose
escalation have not been made possible.
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Few studies have rigorously investigated patient
comfort, although high compliance levels have
been noted.33 Patients have reported a dry mouth
during the treatment, but this would not be antici-
pated as a problem over the duration of a normal
treatment session.

THE ROLE OF INTERNAL
ORGAN IMMOBILISATION

It has been seen that internal organ immobilisa-
tion can provide significant improvements to
morbidity of rectal walls and normal lung tissues.
Reductions in internal margins have been shown
to be possible by some authors using rectal
balloons.This may not be the only solution to the
problem, however. Few centres require their
patients to follow strict control over their rectal
contents, possibly due to an unwillingness to
broach the subject. It may be of use to compare
strict regulation of patient diet and voiding pat-
terns with rectal balloons to determine the need
for this equipment. Balloons would appear to have
a useful role to play, but it may be that improved
control of rectal status at time of treatment would
have a similar effect on immobilisation. This
would, of course, not provide the decrease in rectal
dose, but would not involve an invasive and poten-
tially time-consuming procedure.

When evaluating reduction of respiratory
motion, the immobilisation afforded by breathing
control techniques does not translate to a reduc-
tion in margins and subsequent dose escalation.
The benefits afforded by this equipment are more
associated with reduced morbidity, rather than
enhancing tumour control. Breathing control
devices have a definite role to play in the reduc-
tion of intrafraction errors but cannot eradicate
interfraction errors. The majority of studies
reviewed for this paper suggest that the future role
of breathing control devices could be in conjunc-
tion with daily online localisation with
fluoroscopy or MVCT. Daily relocalisation could
locate the point in the breathing cycle to initiate
irradiation and breathing control devices could
ensure that irradiation only occurs at that point.

It has also been demonstrated that patient tol-
erance of “internal immobilisation” techniques is
generally acceptable, although there is a scarcity of

studies that attempt a thorough evaluation of the
patient experience.Although some measures such
as control of bladder contents or voluntary breath-
holding have no impact on patient comfort, this
may not be true of the more invasive procedures.
Rectal balloon insertion and forced breathing
cessation conjure up images more akin to a tor-
ture chamber than a treatment room. Patient
tolerance of procedures is, of course, linked with
perceived benefit but a more formal investigation
of patient feelings would be useful prior to more
widespread implementation of these techniques.

A factor that may be inhibiting more wide-
spread usage of “internal immobilisation” is the
time-consuming nature of the treatments.This is
especially true of the complicated breathing
control techniques. Even the voluntary breath-
hold technique is associated with an increase in
treatment time from 17 minutes to 33 minutes,36

mainly due to the inclusion of daily patient
coaching.The ABC system requires a preliminary
coaching session, but claims a shorter treatment
time. Authors quote favourable comparisons with
normal techniques, such as 20 minutes,33 but it is
anticipated that outside the constraints of a trial,
with a wider group of patients and the pres-
sures of increasing waiting lists, this time could
become a deciding factor in prioritising use of
this apparatus.

Another issue surrounding internal immobil-
isation techniques is the need for specialised
radiographer training. Insertion of rectal balloons
and use of ABC apparatus should only be
undertaken by trained personnel. Balloon
insertion should be able to be performed by ther-
apy radiographers, since diagnostic radiographers
now perform the similar enema procedure.

CONCLUSION

It can be seen that internal immobilisation has a
potential role to play, but studies have yet to prove
that these improvements are not made at the
expense of patient comfort and throughput. Pelvic
organ immobilisation techniques are providing
real reductions in margins. For sites affected by
breathing motion, however, the expected benefits
of reduced margins are not being delivered. The
improvement afforded by gating can only translate
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to a reduction in margin if daily relocalisation is
performed.

Future developments may mean that these
techniques may not be necessary. Instead of
attempting to maintain a static environment
within the highly mobile patient, we must accept
that there is going to be motion. Rather than
attempting to control the position of the tumour,
the treatment could take into account the move-
ment. Daily CT scanning37, cone beam CT,38

tomotherapy39 or seed implant imaging11 are cur-
rently being evaluated as methods of localising or
tracking tumour position. Once accurate relocal-
isation information is obtained, adaptive processes
can be applied to treatment, leading to a reduction
in margins and escalation of dose.40 This process
can take place retrospectively, but it is feasible that
a tumour undergoing intrafraction motion could
be tracked and irradiated while it moves, rather
than “merely” gating the treatment.The technol-
ogy exists to deliver dynamic radiotherapy and
currently that is being used to enhance a static
dose distribution. If tumour position can be accur-
ately localised during treatment, true dynamic
radiotherapy could be used to target the tumour
and deliver the required dose distribution wher-
ever the tumour happens to be within the patient.
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