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Analysis of the Movement of Surgical Clips Implanted in Tumor Bed
during Normal Breathing for Breast Cancer Patients

Rena Lee, Ph.D.*, Eunah Chung*', HyunSuk Suh, M.D.*, Kyung-ja Lee, M.D.* and Jihye Lee, M.D.*

*Department of Radiation Oncology, Ewha Womans University College of Medicine,
TDepartment of Physics, Ewha Womans University, Seoul, Korea

Purpose: To evaluate the movement of surgical clips implanted in breast tumor bed during normal breathing.
Materials and Methods: Seven patients receiving breast post-operative radiotherapy were selected for this
study. Each patient was simulated in a common treatment position. Fluoroscopic images were recorded every
0.033 s, 30 frames per 1 second, for 10 seconds in anterior to posterior (AP), lateral, and tangential direction
except one patient's images which were recorded as a rate of 15 frames per second. The movement of surgical
clips was recorded and measured, thereby calculated maximal displacement of each clip in AP, lateral, fangential,
and superior 1o inferior (SI) direction. For the comparison, we also measured the movement of diaphragm in Sl
direction.

Results: From AP direction’'s images, average movement of surgical clips in lateral and Sl direction was 0.8+
0.5 mm and 0.9£0.2 mm and maximal movement was 1.9 mm and 1.2 mm. Surgical clips in lateral direction’s
images were averagely moved 1.3£0.7 mm and 1.3£0.5 mm in AP and Sl direction with 26 mm and 26 mm
maximal movement in each direction. In tangential direction’s images, average movement of surgical clips and
maximal movement was 1.2x05 mm and 24 mm in tangential direction and 0.9£04 mm and 1.7 mm in Sl
direction. Diaphragm was averagely moved 14.0+24 mm and 18.8 mm maximally in S| direction.
Conclusion: The movement of clips caused by breathing was not as significant as the movement of
diaphragm. And all surgical clip movements were within 3 mm in all directions. These results suggest that for
breast radiotherapy, it may not necessary to use breath-holding technique or devices to control breath.
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Introduction

A prerequisite for conformal radiotherapy and intensity-
modulated radiotherapy is the accurate localization of target
volume."? Therefore, it is important to quantify the uncertainties
caused by organ motions and daily set-up errors. In ICRU

Report 50,” a planning target volume (PTV) was defined as a
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geometrical concept to account for the set-up errors and internal
organ motions and it includes the clinical target volume (CTV),
accepting the uncertainty in its definition. Although the
reduction of the PTV margin is generally desirable in
radiotherapy, it must be accompanied by the assurance that the
risk of geometric misses does not increase.”

The uncertainty in position of organs during radiotherapy is
one of the major problems in achieving high treatment outcome.
Motion of tumors due to breathing is present in the lung, breast,
liver, kidney and other disease sites.” Many researchers have
addressed the movement of various organs such as diaphragm,é)
lung,"” liver,” and prostate”caused by breathing. Based on these
studies, expansion of treatment volume is required for ensuring
appropriate coverage of target.

In breast radiotherapy with tangential method, the attempt for
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reducing target volumes have been developed to decrease
irradiation to normal tissue such as heart, lung, and liver. Active
breathing control (ABC),") aperture maneuver with compelled
breath (AMC),” and deep-inspiration breath-hold (DIBH)
technique'®™" have been used to reduce the movement of
target, thereby decreasing normal tissue complication. One of
the disadvantages for applying these techniques to patient
treatment is the increased treatment time.*” In addition, some
patients such as pulmonarily compromised patients could not
tolerate these methods.”

In many studies, measuring chest wall movement due to
breathing was the method for evaluating the movement of
breast.''>'**) However, chest wall was not involved in breast
tumor bed, measuring the chest wall may not indicate the breast
motion. In this study, we analyzed the motion of breast during
normal breathing using surgical clips implanted in the breast
tumor bed. Surgical clips in breast lumpectomy cavity have been
used as a reference for determining tangential and electron boost

U 15,18~20 15
irradiation in many researches. ) Weed et al"

and Baglan
et al'” already reported the treatment margin based on the
surgical clip movement using CT scan in free breathing, normal
inspiration, and normal expiration. However, no study has been
performed for measuring the real breast motion. For determining
a treatment margin, accurate measurement of breast motion is
needed.

The purpose of this study is to evaluate the movement of
surgical clips implanted in breast tumor bed during normal
breathing. We detected and analyzed the movement of the clips

compared with that of diaphragm utilizing fluoroscopic images.

Materials and Methods

Seven patients receiving breast post-operative radiotherapy
after breast conserving surgery from September to November
2003 were selected for this study. Each patient’s information is
shown in Table 1. Kovner et al'® reported that for marking the
length, width, and depth of the tumor bed, at least five clips
should be inserted optimally. In our institution, physicians
inserted five to seven surgical clips in the breast cavity at the
time of surgery to identify the margins of the tumor bed (medial,
lateral, superior, inferior, at the center and at the deepest portion
of the tumor bed from the external excision).ls)

Each patient was simulated in a common treatment position.
Patients were positioned on a table with both arms elevated.
Image recording was synchronized with a common simulation
process. Patients didn’t have any restriction of breathing during
the simulation. Fluoroscopic images were recorded in anterior
to posterior (AP), lateral, and tangential direction for 10 seconds
in each direction (Fig. 1). The images were recorded in 30
frames per second, i.e. 0.033 s per one frame, except one image
(Patient number 5) which was recorded as a rate of 15 frames
per second.

The movement of the surgical clips was traced by a
commercial software (Adobe® After Effects® Professional Ver.
6.5) to calculate the offset of the position of the clips as a
function of time (Fig. 2). For each image, surgical clips were
identified from the first frame. When determining a track point,

we appointed it at the end of a clip. Track motion was made

Table 1. Summary of Properties of Each Patient and Number of Clips Identified in Simulation Film and Fluoroscopic Images in

First Frame of Each Image

Position of

Number of clips

Patient no. irradiated breast Stage Age . ‘ Fluoroscopic image
Simulation
AP’ Lateral Tangential
1 Right UOQ* IMA 65 6 3 3 4
2 Right UIQ" A 38 6 3 5 5
3 Right UOQ IA 50 7 1 3 3
4 Right UlQ 0 34 5 4 2 4
5 Left UOQ I 36 5 1 3 4
6 Right UIQ IIA 47 6 6 3 5
7 Left UIQ 1B 48 6 4 3 5

*upper outer quadrant, Tupper inner quadrant, Tanterior to posterior
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Fig. 1. Fluoroscopic images of a patient in (A) AP, (B) lateral, and (C) tangential directions at time.
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by following the point which had same brightness of the track
point in the first frame. The end of the clip had most contrast
compared with a soft tissue in human body, thereby made a
point at the end of the clip. Data recording the movement of

each surgical clip as a function of time was in the timeline

Fig. 2. The comparison of position of clip and diaphragm in (A)
0 and (B) 2 seconds. (C) Movement of the same clip as a function
of time.

window. These data were copied and collected using Microsoft®
Excel® software. The position of surgical clips in each frame
were recorded as pixel values. It was needed to convert pixel
values to millimeter values. The pixel values were divided by

2.5 because 1 cm in the fluoroscopic images contains 25 pixels.
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The movement of the clips was plotted by considering first
frame’s x and y direction’s tracking point values as a starting
point. In some cases, it was not possible to track the clip
movement automatically due to charge in contrast for one frame
to another. In these cases, clips were traced manually and
modified the tracking value deviating from the real clip position.
The movement of all the clips was measured and recorded by
above method. By this measurement, we calculated upper and
lower movement of each surgical clip, and maximal amplitude
of surgical clip movement in three directions.

For analyzing the effect of breathing motion to breast
movement, we divided the surgical clips which were located
above or under the isocenter based on SI direction and compared
the movement of these clips. As surgical clips under the
isocenter were more located near the diaphragm, we compared
the divided surgical clip movement.

For comparing the movement of surgical clips, we measured
the movement of diaphragm in fluoroscopic images in SI
direction. For 10 seconds, the maximal and minimal position of
diaphragm was contoured in each fluoroscopic image by a
physician (J. Lee, M.D.) using the commercial software (Fig. 3).
We placed a point to each diaphragm’s apex in the images
which diaphragm was located maximally and minimally and
calculated the maximal amplitude of the diaphragm movement
in SI direction. For a patient (Patient number 6), as movement
of diaphragm was beyond the image field, so it was impossible

to detect the movement of diaphragm in lateral and tangential

Fig. 3. An example of maximal and minimal diaphragm position
from a patient.

direction’s images. We compared the movement of surgical clips
and diaphragm for analyzing the effect of breathing motion to

the surgical clip movement.

Results

Surgical clips detected in fluoroscopic images in each
direction are shown in Table 1. Total number of the surgical
clips in the images are 22 (AP), 22 (Lateral), and 30
(Tangential). As seeing in the table, the clips were less visible
in the fluoroscopic images than in the simulation films. It was
caused by overlap of some clips or clips’ cover-up by the
movement of other organs. When a clip was located near the
bone, heart, or diaphragm, it was difficult to detect the clip’s
position.

In AP direction’s fluoroscopic images, average movement of
all the detected surgical clips in x (lateral) and y (SI) direction
was 0.8+0.5 mm and 0.9£0.2 mm and maximal movement
was 1.9 mm and 1.2 mm, respectively. In lateral direction’s
images, average and maximal movement of the 22 surgical clips
was 1.3+0.7 mm and 2.6 mm in x (AP) direction and 1.3+0.5
mm and 2.6 mm in y (SI) direction. Average movement of
surgical clips detected in tangential direction’s fluoroscopic
images was 1.2+0.5 mm in x (tangential) direction and 0.9+
0.4 mm in y (SI) direction and maximal movement in tangential
and SI direction was 2.4 mm and 1.7 mm, respectively (Table
2). Average and maximal movement in SI direction is larger in
lateral direction than in AP or tangential directions. This is
because surgical clips detected in three direction’s images were
not the same due to invisible clips in the fluoroscopic images.
Maximal movement in SI direction of each clips didn’t show

larger movement in certain direction’s image (Data not shown).

Table 2. Maximal and Average Amplitude of Maximum
Movement of Surgical Clips in All Seven Patients Obtained
from AP (Anterior-Posterior), Lateral, and Tangential Direc-
tions

AP (rnrn)T Lateral (mm) Tangential (mm)
Lateral SI® AP Sl Tangential SI
Max* 19 12 26 26 24 17
Ave’ 08 09 13 13 12 09

*maximum amplitude, Taverage amplitude, Tanterior to pos-
terior direction, §superior to inferior direction
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Maximal movements of each surgical clip measured in AP, Surgical clips located under the isocenter in y direction were
lateral, and tangential direction’s images are shown in Fig. 4. 6/22 (27%), 4/22 (18%), and 6/30 (20%) in AP, lateral, and
Table 3 shows average movement of clips of each patient. tangential direction’s images, respectively. And four out of the
The largest movement of clip observed in patient 3 is 1.89 seven patients showed the position of the surgical clips above
mm/1.16 mm, 2.04 mm/1.71 mm, and 2.01 mm/1.32 mm in x/y the isocenter. Average movement of surgical clips located above
direction in AP, lateral, tangential images, respectively. In lateral the isocenter in x/y direction was 0.8+0.5 mm/1.0+0.2 mm,
images, patient 4 had the largest movement 2.04 mm in SI 1.3+0.7 mm/1.3+0.5 mm, 1.2%+0.5 mm/1.0+0.4 mm in AP,
direction. lateral, tangential direction’s images, respectively. Surgical clips
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Table 3. Average Amplitude of Maximum Movement of
Surgical Clips of Each Patient Obtained from AP (Anterior-
Posterior), Lateral, and Tangential Directions

Average movement

Pat;e;r.lt AP* Lateral Tangential
Lateral ~ SI' AP SI Tangential SI
1 037 091 040 112 101 080
2 123 077 157  1.05 113 0.68
3 189 116 204 171 201 132
4 111 093 200 204 188 125
5 128 118 132 134 095 114
6 050  1.01 106  1.09 1.03 077
7 039 078 076 097 081 078

*anterior to posterior, Tsuperior to inferior

located under the isocenter were averagely moved 0.8 +0.5 mmy/
0.8+0.2 mm, 1.2+0.6 mm/1.2+0.2 mm, 1.3+0.3 mm/0.9+
0.3 mm in x/y directions in AP, lateral, tangential images, respec-
tively. The difference between the mean movement of surgical
clips was within 0.2 mm. Therefore, we knew that the move-
ment of surgical clips was not influenced by the breathing motion.

Movement of surgical clips in lateral direction was averagely
less than in AP, SI, and tangential direction. However, as
difference between average movements in three directions was
within 0.5 mm, the difference was not significant. For including
tumor bed considering breathing motion, 3 mm treatment margin
was enough to cover surgical clip movement for all the patients.
2 mm margin included 86% (19/22) of AP direction’s clip
movement, 100% (22/22) of lateral direction’s clip movement,
and 97% (29/30) of tangential direction’s clip movement. In SI
direction, 2 mm margin included 100% (22/22), 91% (20/22),
100% (30/30) of surgical clip movement in AP, lateral,
tangential direction’s images, respectively.

The movement of diaphragm, on the other hand, was
significantly larger than that of the surgical clips. In SI direction,
the diaphragm was moved averagely 14.0+2.4 mm with the
maximum movement 18.8 mm. Compared with the motion of
the diaphragm, the movement of surgical clips in the breast
tumor bed was considerably small. Therefore, movement of
surgical clips implanted in the breast tumor bed was not
correlated with the movement of diaphragm. A result of
measuring the movement of diaphragm in each direction’s image

are shown in Table 4.

Table 4. Maximal Movement of Diaphragm in S| Direction
during Normal Breathing for Each Patient

Movement (mm)

Patient no.
AP Lateral Sl
1 11.2 14.0 16.1
2 119 12.6 8.6
3 14.9 124 15.2
4 16.4 143 16.0
5 18.8 12.0 15.2
6 16.2
7 14.8 13.6 11.6
Average 14.0
Discussion

The main goal of radiation therapy is delivering dose to target
volume, while sparing normal tissue. There are sensitive organs
near breast such as liver, lung, and heart, etc. and reducing dose
delivered to these organs is a major concern of breast radio-
therapy planning. And the purpose of radiation therapy of breast
cancer patients is the reduction of local recurrence rate."”
Implanting surgical clips in breast excision cavity was done in
many institutions and it was used as the reference of determi-
ning radiation field, especially electron boost field." ™" In our
institution, supplemental boost of 10.0 Gy was followed after
whole breast irradiation based on the position of surgical clips.

In this study, we attempted to evaluate the internal motion
of surgical clips in the breast excision cavity. The movement
of surgical clips was within 3 mm in all three directions and
the movement was significantly smaller than that of diaphragm.
From Ford et al,” diaphragm was averagely moved 6.9+2.1
mm without gating and 2.6+ 1.7 mm with gating. Compared
with the result by this study and Ford et al,” surgical clip
movement was not correlated with the breathing motion. And
the movement of surgical clips showed better immobilization of
breast tumor bed than using deep-breath hold technique or
immobilization devices. Pedersen et al."” evaluated the feasibility
of a breath-hold technique for breast cancer and showed that the
mean anterioposterior chest wall excursions were 2.5, 2.6, and
4.1 mm during free breathing, expiration breath-hold, and
deep-inspiration breath-hold, respectively. The results in this

study showed that surgical clip movement was not significantly
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influenced by breathing motion. It is agreed well with a previous
study that reporting the insensitivity of breathing motion to
whole breast radiotherapy by Frazier et al.””

Our evaluation of surgical clip movement gives information
of treatment margin for breast cancer patients during normal
breathing. As surgical clips represent the breast tumor bed
borders, measurement of the movement of the clips will provide
the information for determining treatment margin.

Treatment margin is needed to cover treatment target volume
including set-up error and organ motion. Margin used to define
the planning target volume (PTV) is 1 cm."” Hurkmans et al”
said that PTV was constructed by expanding the clinical target
volume (CTV) by 7 mm. Hanley et al'” also showed that 1 ~2
cm margin is needed for free-breathing plans and 2~5 mm for
deep-inspiration breathing-hold plans. Based on the results, we
concluded that 3 mm treatment margins are sufficient for breast
cancer radiotherapy including breast tumor bed motion during
normal breathing if set-up error is minimized. These treatment
margins are much less than the 5 mm ITV (irradiated tumor

volume) margins suggested by Weed et al'” 10

and Baglan et al
measuring the movement of surgical clips using CT scans. And
the 3 mm margins are the same as previous studies using
respiratory control techniques. Suh et al” reported that additive
margins needed for a moving target with aperture maneuver
with compelled breath (AMC) are not larger than 3 mm for the
respiratory organ motion. Remouchamps et al”” also suggested
3 mm margins in the mid- thorax region with moderate deep
inspiration breath hold (mDIBH). Surgical clips were moved
maximally 2.6 mm in AP and SI direction and maximal lateral
direction was less than in AP and SI direction. We know that
it may not necessary to use breath holding device to reduce PTV
since the movement of clips is not as large as respiratory
motion.

Based on this study, we know that breast tumor bed was not
significantly moved by breathing motion compared with dia-
phragm during normal breathing, however, sample size of our
study is small, it is needed to be confirmed through further
study. The treatment margins suggested in this study were valid
during normal breathing condition. If patients breathe deeply
during radiotherapy, surgical clip movement can be much larger
than during normal breathing. So, the treatment margin based
on the surgical clip movement during normal breathing may not

cover the breast tumor bed motion. Therefore, for defining

treatment margins covering the breast motion due to deep
breath, we will measure the movement of surgical clips in deep
breath in following study.

Analyzing the movement of breast tumor bed is one of the
important factors for breast radiotherapy. Many researches
addressed the respiratory gating technique for immobilizing
treatment target, thereby achieving high treatment outcome.
However, from the surgical clip movement, breast tumor bed
movement could be sufficiently included by 3 mm margins
without using breathing control device or technique. Based on
this study, it can be concluded that breast tumor bed was not
moved significantly than respiratory motion. Therefore, the
movement of the breast tumor bed was not considerable for

using immobilization devices or technique.
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