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A PRELIMINARY FEASIBILITY STUDY FOR A VOICE COACHING
TECHNIQUE TO IMPROVE THE REPRODUCIBILITY OF
RESPIRATORY CYCLE BETWEEN TREATMENTS

James C. Li', Wen-Shan Liu', Hsiang-Chi Kuo', Li-Miao Chen',
David Huang?, Chi-Wei Hsu', His-Chang Chang'

Radiation Oncology Department’, Chung-Shan Medical University Hospital

Medical Physics Department’, Koo Foundation Sun Yat-Sen Cancer center

Purpose : New advances in radiotherapy technology enable us to attain higher dose
delivery to tumor region, resulting in greater tumor control probability, with this sophisti-
cation there is more demand to control the uncertainties contributed by organ motion.
The organ motion related uncertainties can be mainly classified into three main cate-
gories: (i) the blurring of planning images due to internal organ motion during CT scan
acquisition; (ii) intrafractional organ motion that affect the dose distribution within a single
treatment delivery; (iii) interfractional organ motion that affect the dose distribution
between treatments.

For patients with supradiagphragmatic and infradiagphragmatic tumor, respiration is
a major factor that causes the displacement of the internal organ. For further under-
standing the magnitude of the respiratory organ motion, we endeavor to investigate: (i)
the geometrical differences in spatial displacement of the tumor and critical organ while
in free breathing status and breath holding status; (i) measures the magnitude of the
respiratory organ motion in the cranio-caudal direction; (iii) makes a preliminary feasibili-
ty study of the coaching breathing technique to improve the reproducibility of the respira-
tory cycle and hence reduce the variation of organ motion in between treatment.
Materials and Methods : The data were collected between March 2001 to October 2001
in our department from subjects undergoing radiation therapy of the thoracic and abdom-
inal regions using our spiral CT and real time Respiratory Gating system to measure and
analyze the variation of respiratory organ motion. A voice coaching technique is
designed to improve the consistency of the respiration cycles.
Results and Conclusions : Our analysis shows a significant variation of tumor and
organ geometry between free breathing and breath holding state. The cranio-caudal dis-
placement are 15.5 + 3.5 mm for diaphragm and 13.7 + 2.4 mm for pancreas, respective-
ly. For patients in our study, coaching technique may improve the reproducibility for those
patient whose breathing cycles is not consistent within intrafraction treatment, but not for
those with consistent cycles.
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INTRODUCTION

New advances in radiotherapy technology
enable us to attain higher dose delivery to tumor
region resulting in greater tumor control proba-
bility. One major dilemma in the modern radio-
therapy technique is the respiration-induced
organ motion (Fig. 1). The respiratory organ
related uncertainties can be mainly classified
into three main categories: (i) the blurring of
planning images due to internal organ motion
during CT scan acquisition; (ii) intrafractional
organ motion that affect the dose distribution
within a single treatment delivery; (iii) inter-
fractional organ motion that affect the dose dis-
tribution between treatments.

The CT motion artifact causes the blurring
of the images making causes difficulties in the
delineation of the real tumor and normal tissue.
Balter et al. have reported observations of lung
and liver volume changes for a sample of
patients that illustrates the effects of patient res-
piration on organ volume [2]. The variation of
the tumor volume is commonly accounted for
by the use of adequate margins that encompass
the tumor volume. ICRU Report 50 defines the
gross tumor volume (GTV) as the volume con-

taining demonstrated tumor. The clinical target
volume (CTV) is defined to enclose the GTV
plus a margin to account for suspected tumor

involvement. The planning target volume (PTV)
is defined by the CTV plus a margin to accom-
modate the variation for CTV. In ICRU Report
62, this margin is divided into two components:
(a) internal margin (IM) to account for variation
in size, shape, and position of the CTV; and (b)
set up margin (SM) to account for uncertainties
in patient position and beam alignment. It is
nontrivial that the delineation of the GTV. CTV
and the normal tissue affect the treatment plan-
ning evaluation and the treatment outcome as
well. Conventionally we rely on CT images
taken under free breathing status, it will be
interesting to compare the geometrical differ-
ences for CT images acquired by breath holding
to eliminate the respiratory motion artifact.
Information about the amount and nature
of the CTV motion is essential for the determi-
nation of internal margin size. Data on various
types of organ motion are available in the litera-
ture. Most of the studies point out that the main
dimension of the respiratory organ displacement
is in the cranio-caudal direction caused by
diaphragmatic movement between respiration
cycles [2,9,12]. For the information on the
diaphragmatic displacement to be incorporated
into margin extension of CTV. we proposed the
use of respiration synchronized serial fluoro-
scope images to evaluate the margins needed for

supradiagphragmatic and infradiagphragmatic

Figure 1. left, breath holding technique reveals smooth organ and tumor, right, free breathing technique intro-

duced jig shape and disconnection boundary.
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tumor.

The sophistication of 3 dimensional con-
formal radiotherapy demand tighter margin
around the CTV for normal tissue sparing and
for dose cscalation purposes. A respiration gat-
ing technique has been under studies to treat
tumor at least motion phases within intrafrac-
tional respiration cycles. However, to safely
implement this technique, a consistent respira-
tion cycle should be maintained between treat-
ments. The third objective of this study is to
investigate the variation of interfractional respi-
ration cycle and try to reduce this variation

through voice coaching technique.
MATERIALS AND METHODS

(A) A spiral CT (GE Hispeed Fx/i) is per-

formed for all supradiphragmatic and infradi-

aphragmatic cancer in patients with both normal
breath and breath hold technique. Both of the
CT images are acquired with 5 mm slice thick-
ness and 1.2 pitch. The two sets of CT Scans are
exported to a virtual simulation workstation
(SomaViston, TM) for further delineation of
tumor (GTV only) and critical organ by the
same physician. In the treatment planning work-
space (virtual-sim). two orthogonal beams (AP
and Lat) are set at the geometrical center of the
tumor, then the maximum dimension in the X,
Y. and Z direction of the tumor and critical
organs can be measured from the Beam Eye
View (BEV) (Fig. 2). The volume of the interest
organ can be obtained during dose volume his-
togram analysis.

{B) The respiratory synchronized fluoro-
scope video images were attained with Varian

Real-time Position Management (RPM) system

CRSZAL

Figure 2. Upper right and upper left, BEV-AP and BEV-Lateral for static images, a non-uniform margin is
designed at inferior to superior direction; lower right and lower left, BEV-AP and BEV-Lateral for
images with motion artifact, uniform margin is designed at inferior to superior direction.



connected to Ximatron {Varian). The RPM sys-
tem used an infrared illuminator to highlight
infrared reflectors attached to a marker block
placed on the patient’s abdomen or chest, which
is imaged using a CCD camera. The respiration
induced periodic motion of the marker is
tracked synchronously with the input fluo-
roscopy signal from the simulator. The synchro-
nous inputs allow a time correction of the inter-
nal motion seen on the fluoroscopy images and
the external marker motion. Information about
the extent of the displacement of the diaphragm
in the cranial-caudal direction was obtained by
determining the extreme vertical positions of
the diaphragm apex within 30 seconds fluo-
roscopy acquisition (Fig.3). For patients who
have undergone post-operation radiotherapy for
pancreas, catheters were embedded during oper-
ation, the motion extent of pancreas can be
observed with the same method from the move-
ment of the catheter.

(C) After the synchronous correlation

between fluoroscopy signal from diaphragm and

Without threshold
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the video signal from marker motion has been
checked, the interfractional reproducibility of
the respiratory cycle are evaluated during every
day radiotherapy on treatment room with RPM
system. To improve the consistency of the respi-
ration cycle, a coaching technique is introduced
with two steps. First, collects and analyses
patients’ respiration cycles from RPM system to
attain patients” typical exhalation and inhalation
time under normal breathing condition. Second,
record a voice instruction of “exhale™ and
“inhale™ with time period mimicked patient’s
respiration patterns. The recorded voice instruc-
tion are played during day by day radiation
treatment to coach patient’s respiration cycle
between interfractional treatment.

RESULTS

(A) The geometrical differences in spatial
placement of the tumor and critical organ while
in free breathing and breath holding status:

Among the 27 patients who were scanned

Inhale

Figure 3. A real time play mode of the synchronized fluoroscopic images to evaluate the displacement of the

diaphragm during respiratory cycles.
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with two breathing status, 9 organs were delin-
eated to compare the differences of the dimen-
sional change on 3 main axis and volume differ-
ences (Table 1). With the breath holding scan as
standard images, we found that volume differ-
ences in most organs are around 10% except the
intestine which is mobile in nature and is more
difficult to maintain in static images. The
motion artifact on CT images would introduce a
geometrical uncertainty on the definition of tar-

get and the critical organ, the average variation
is less than 5 mm in all dimensions but has a
wide range which can be as large as 3 cm.

(B) Displacement of the respiratory organ
motion in the cranial-caudal direction:

With the serial fluoroscopic images and the
record/play mode on RPM system, the motion
extent which is useful in the determination of
internal margin (IM, according to ICRU report
60 terminology) can be measured. The average

Table1. Geometrical variation of CT images of normal breath compare to breath holding technigue.

Organ Patient # Geometrical dimension Mean variation = SD Range
GTV1 9 X axis 4.7 £ 6.6mm -3~22mm
Y axis 1.8 £5.1mm -9~12mm
Z axis -4+ 8.5mm -27~6mm
volume 9.7+2% 5.1~14.5%
GTV2 4 X axis 0.81+5.2mm -9~5mm
Y axis 4.3 +4.6mm -10~2mm
Z axis 0.6 £ 6mm 0~9mm
volume 9.9+ 1% 8.2~10.8%
Liver 12 X axis -0.08 £ 4.8mm -8~12mm
Y axis 0.75 = 3.4mm -6~5mm
Z axis 2.4+ 9mm -19~7mm
volume 9.7% X 0.4% 9~10.3%
Rt. Kidney 11 X axis 2.4 * 3.4mm -4~10mm
Y axis -0.3 = 33mm -7~5mm
Z axis 1.5 = 4mm -4~10mm
volume 99+ 4% -6.1~10.4%
Lt. Kidney 11 X axis 1.6 £ 2.4mm -2~7mm
Y axis -1.5 £ 4.1mm -4~5mm
Z axis 2 + 4.5mm -6~7mm
volume 99 £ 0.5% 8.8~10.5%
Intestine 3 X axis 6.7 = 6.6mm }~16mm
Y axis 13 = 12.8mm 2~31mm
Z axis 3.3 = 4.6mm -3~8mm
volume 134 £ 1.9% 11.6~16.1%
Gastric 1 X axis -8mm
Y axis 4mm
Z axis -15mm
volume 8.6%
Stomach 1 X axis 2mm
Y axis -7mm
Z axis -15mm
volume 9.3%
Lt. Lung 1 X axis -2mm
Y axis -2mm
Z axis -19mm
volume 9.3%
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displacement of the diaphragm among our 27
patients is 15.5 mm, ranging from 9 to 20 mm
with a standard deviation of 3.5 mm (Fig. 4,
Table 2). Only one patient is available for the
analysis for pancreatic displacement during res-
piratory cycle, we obtained a mean value of
13.7 mm (Table 3).

(C) Preliminary feasibility study of the
coaching breathing technique:

The correlation of the synchronous
diaphragm motion and marker motion were

checked for every patient in this study. The
results show they are quite consistent (Fig. 5).
The consistency of these two motions (one is
external marker movement, the other is internal
diaphragm movement) approved for further
investigation. eight patients show 0.8 mm mean
variation at inhalation (peak) position and 1.5
mm mean variation at exhalation (trough) posi-
tion (Fig. 6, Table 4). Regarding the repro-
ducibility of the respiration induced position
displacement, our voice coaching technique do

Table 2. Comparison of diaphragm motion studies. PTT: peak to trough.

Normal breath Deep breath
PTT(mm) PTT(mm)
Patient # Avg £ SD Range Avg =+ SD Range
Wade 10 Standing 162 103 +22
10 Supine 17£3 99+ 16
Weiss 30 Standing 8+4
30 Supine 13£5
Korin 15 Supine 13 39
Davies 9 Supine 12+7 7~28 43+ 10 25~56
Hanley 5 Supine 26.4 18.8~38.2
Balter 12 9.1+24
This study 27 Supine 155+35 9~20

Table3. Comparison of pancreas motion studies. Our results are taken from the same patient with and without

voice coaching technique. (see figure 7)

Normal breath

Deep breath Voice coach

Avg + SD PTT(mm) PTT(mm)
Patient # PTT(mm) Range Avg + SD Range Avg + SD
Suramo 50 Supine 20 10~30 43 20~80
Bryan Supine 18
36 Prone 19
36 22
This study 1 Supine 13.71£2.6 13.7+£2.1
5
£ 4
£ 3
(]
g 2
g
g 1
0 1 i 1 1 i i 1 1
1 3 5 7 9 11 13 15 17 19 21

dispharm displacement (mm)

Figure 4. The distribution of diaphragm displacement extent measured from 27 patients.
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Figure 5. The correlation between the movement of diaphragm and marker are quite consistent (left) and quite
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Figure 6. Arrows indicate the deviations of peak and trough positions at inhalation and exhalation which are

results of respiration inconsistent.

Table 4. Evaluation of interfractional respiratory consistency from the variation of the inhalation peak position

and exhalation trough position between treatments (see Fig. 6).

Mean variation of inhalation

Mean variation of exhalation

peak amplitude + SD peak amplitude + SD

Patient# # of study Ave + SD (mm) Ave + SD (mm)

Pl 19 1£09 25114

P2 8 1£0.05 2+09

P3 8 1205 0.710.2

P4 16 0.8+£0.6 2+1.6

P5 8 04103 0.7x04

P6 8 08109 08+1.1

P7 3 05+1.7 2109

P8 3 08£02 1+0.5

Average 0.8 1.5
improve the consistency for the patient whose DISCUSSIONS

original respiration is not quite stable, but for
patients with consistent respiration cycle, our
technique did not help to further improve the
results (Table 5).

Standard deviation of the geometrical
dimensional differences between static images

and images with motion artifact ranged from 3
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Table5. Comparison of respiratory motion consistency between treatment with and without voice coaching.

Mean variation of inhalation
peak amplitude £ SD

Mean variation of exhalation
peak amplitude + SD

Ave £ SD (mm) Ave £ SD (mm)
Patient# # of study Free breath Voice coaching Free breath Voice coaching
P1 8 04+£03 08+05 0.7+£0.4 1.8+ 1.5
P2 8 0.8+09 0403 0.8+1.1 1.7+09
P3 19 1209 25+14
10 05+0.2 2.1+0.7

to 9 mm in our data. Most of the time the organ
delineated (especially the tumor) from images
with motion artifact tends to over estimate the
organ size since the boundary are blurred by
motion. The system error causes the oversize of
aperture design during treatment planning and
would deliver unnecessary dose to the normal
tissue close to tumor. In addition, the 5 mm SD
in dimension would need 8 mm more safe mar-
gin (to have any point on the surface of the
CTV to be within 95% of the time requires a
margin of 1.65 SD) to maintain well coverage
of the tumor, which will worsen the dose deliv-
ered to organ at risk [1]. To tighten the margin
and spare more critical organ, we suggest that
CT images within thorax or abdomen should be
acquired with breath holding technique to pre-
vent the systemic error from motion artifact.

In Korin’s study for upper abdominal
organs, they concluded that there is little dila-
tion present in the abdominal organs. Their
results show that the motion of upper abdominal
organs is primarily translational in nature and
occurs along the S/I (cranial-caudal) direction (
The average ratio of the amplitude of S/I motion
of the diaphragm versus A/P motion of the
abdomen wall was determined to be 5.1 £ 1.9
for normal breathing and 5.0 = 2.7 for deep
breathing) [4]. To manage the respiratory organ
motion for modern’s radiotherapy technique, a
powerful tool to identify the extent of respirato-
ry organ motion in S/I direction is needed.

The RPM system not only provide the
positional extent of diaphragm in S/1 direction,

but also the corresponding respiration cycle dur-
ing the respiratory movement. This information
is necessary for design of a non-uniform margin
for the internal margin according to ICRU
report 62. After carefully verifying the patients
in this study, the synchronization is quite good
between fluoroscopic images and the reflector
marker signal (Fig. 5). Our results show that the
average diaphragm displacement is 15.5 + 3.5
mm, which is similar to those results reported in
the literatures {7]. With this remarkable varia-
tion, the intrafractional respiration has long
been a dilemma in radiotherapy technique to
give a well coverage of the tumor during treat-
ment and spare the normal tissue at the same
time. Haken et al. has shown the potential bene-
fits of eliminating planning target volume
expansions for patient breathing in the treatment
of liver tumors [11]. The others have presented
in their studies that the respiration-induced
motion increase the dose delivered to normal
tissue and hence the toxicity as well [6].

A lot of effort has been spent to control or
correct the interfractional respiratory organ
motion, two of the strategies are the use of
active breathing control apparatus [13] and the
respiratory gating system [5,10]. The ABC
(active breathing contral) device stops the flow
of air into or out of the lungs when the lungs are
at a specific volume and flow direction. The
gating system utilized the RPM system mention
in this study to gate the irradiation within a least
motion phase of acceptable duty cycle. No mat-
ter which method is used, the efficacy of the
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Figure 7. The variation of the
moving extent for pan-
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is applied (a-c).
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treatment rely on careful control throughout the
whole course. that’s why the consistency of the
respiratory cycle between treatment has to be
checked. Our studies show 1-2 mm variation of
the inhalation (peak) and exhalation (trough)
positions. This variation only correspond to the
marker (which is in A/P direction), the variation
of the respiratory amplitude in S/I direction
must be bigger. The one in our study to monitor
the catheter in pancreas extent shows a standard
deviation of 2.6 mm, ranging from 4mm to 18
mm (Fig. 7). Through voice coaching technique,
the correlations between diaphragm and pan-
creas show more linear and the maximum
motion extents are similar at different treatment
days (Fig. 8).

Since the deviation of the respiratory
motion between treatment could be large, the
other important issue is to manage the interfrac-
tional respiratory organ motion. In this prelimi-
nary study we try to regulate patient’s respira-
tion through voice coaching technique. The one
in pancreas’ study we successfully reduced the
intrafractional extent of pancreatic movement.
On the other study to monitor the respiratory
consistency through the observation of the
marker’s position extent from day to day, the
voice coaching technique do show benefit for
some patients but not all the patients. We
assume that this technique may improve the
reproducibility for those patient whose breath-
ing cycles is not consistent within intrafraction-
al treatment, but not those with consistent
cycles. Further investigation is needed and
improvement has to be made in the implementa-
tion of this technique.

The objective of this study is to improve
and enhance the functioning or efficacy of a res-
piratory gating system that is design to elimi-
nate or reduce the effect of respiratory organ
motion. This RPM synchronize irradiation with
patients respiration at the least motion extent
and would ideally decrease the treatment mar-
gin. We have been shown at one study that 50%

duty cycle selection would decrease the motion
extent at about one third to half [3]. In addition,
planning with CT images in breath holding sta-
tus could use a non-uniform margin around
(Fig. 2) compare to a uniform margin in aper-
ture design for free breathing CT images. We
also showed in another study that a non-uniform
margin for respiratory motion extent can
decrease 5% to 20% mean dose of normal liver
[8] in intrahepatic tumor. This respiration man-
agement system is a reasonable design to pro-
vide a non-invasive way to freeze and trace the
respiratory induced organ motion to improve
therapeutic gain (static CT images, synchro-
nized fluoroscopic images and synchronized
irradiation). Although this system is easy to
manipulate, the workload is double at CT, fluro-
scope image acquisition and everyday treatment
if gating irradiation is performed routinely. The
main difficulty of the gating technique is the
inssurance of the consistency in the interfrac-
tional respiration and its induced motion extent.
In this preliminary feasibility study of the voice
coaching technique, we have shown the possi-
bility of this technique. For further step in clini-
cal practice, we could do a weekly fluroscope
image verification like weekly portal film. In
the increasing trend in radiation treatment
through IMRT, dynamic treatment combined
with gating technique is a more complex situa-
tion that we need to deal with.
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