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Abstract — A study is performed to measure the visibility of
small surgical clips in 3D ultrasound volumes of a phantom as
the first step towards using such clips as fiducial markers in
radiation therapy. Visibility is calculated as the contrast to
noise ratio of the echo from the clip to the background. The
appearance of a resonance tail is also calculated using a
moment analysis. Contrast is found to be high and mostly
independent of material and size of the clip. All clips are visible,
but the length of the tail is found to be dependent on clip
orientation to the ultrasound beam. The consistent visibility of
the clips suggests they are suitable as fiducial markers in
ultrasound and the dependency of the resonance tail on
orientation provides an opportunity to distinguish clips from
other specular reflectors.

I. INTRODUCTION

Accurate localization of the target volume is a key factor in
the success of radiation therapy. One example is the
localization of the lumpectomy site in the breast for electron
boost irradiation [1]. The implantation of surgical clips and
subsequent radiography is considered the gold standard for
volume localization. In comparison to x-ray radiography,
ultrasound has the advantages of being non-ionizing, easy-
to-acquire and inexpensive. Ultrasound can be used in lieu
of surgical clips and radiography by viewing the target
directly [1], but some researchers have reported inadequate
accuracy [2,3]. Surgical clips can also be detected in
ultrasound images so it may be possible to combine the high
accuracy of surgical clips with the advantages of ultrasound.
Ultrasound may also be used to guide placement of the
surgical clips [4].

Standard ultrasound creates 2D cross-sectional images so
detection of clips would require accurate alignment of each
clip with the cross-sectional plane. 3D ultrasound creates
volumetric datasets so the need for alignment is reduced and
multiple clips may be detected within a single volume. For
these reasons, 3D ultrasound may be a more convenient way
to detect and localize surgical clips for radiation therapy.
The localization accuracy of thin wire, similar to these clips,
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has already been shown to be of the magnitude of the sub-
millimeter range of the ultrasound axial resolution [5]. This
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Fig.1 Small and medium titanium clips are shown with a scale of cm.

paper investigates the issue of visibility of the clips.

Surgical clips are manufactured in a variety of sizes and
materials so different clips may have different visibility in
ultrasound. Their appearance may also be dependent on the
location and orientation of the clip with respect to the
ultrasound probe. This paper investigates the appearance of
several types and sizes of surgical clips. Tests are performed
in the controlled environment of tissue-mimicking phantom
to determine which factors affect visibility in 3D ultrasound.

II. METHOD

Three materials of surgical clips are tested: titanium,
tantalum and stainless steel. Two clips are illustrated in Fig.
1. The approximate dimensions of the clips are 3 mm x 1
mm. These are referred to as “small clips”. A fourth set of
titanium “medium clips” (6 mm x 1 mm) are also tested. For
each type of clip, a tissue-mimicking phantom is constructed
with three embedded clips. Each clip is embedded at the
same orientation but at different locations. The three
locations are used to place a clip in each of the near-field,
focus and far-field regions of the ultrasound image. The
geometry of the phantoms is shown in Figs. 2 and 3. The
locations of the clips ensure one clip does not obscure
another clip, and allow ultrasound images to be taken from
different faces of the phantom. This arrangement provides
the necessary range of ultrasound images to be acquired
without the need to construct multiple phantoms. The use of
a single phantom for each type of clip also reduces the
influence of variations in phantom construction when
comparing results.

The phantom material is PVC (poly-vinyl chloride), a
commonly used tissue-mimicking material in ultrasound
research [6]. The speed of sound, attenuation and stiffness
are in the same range as human tissue. The phantom is
constructed by pouring heated PVC layer-by-layer into a
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custom-designed mold. Three layers plus a covering layer
are used for the three clips. After each layer is poured and
allowed to cool slightly, a clip is placed on the gel surface.
By pouring the next layer before complete cooling of the
previous layer is complete, the layers adhere completely.
This ensures the transitions between layers are not visible in
the ultrasound, only the clips are visible. Four phantoms are
constructed for the four types of clips.

Ultrasound images are acquired with the Voluson 730
Expert (General Electric Health Care, Chalfont St. Giles,
UK). A 3D linear array transducer (RSP5-12) is used to
acquire 3D ultrasound volumes of the phantoms. The
transducer has a footprint of 38.4 mm x 44.5 mm and the
depth setting ranged from 34 mm to 79 mm depending on
clip location. The probe acquires a 3D volume by sweeping
a 2D transducer through an angle of 29° to acquire 181
slices. As mentioned in the Introduction, a benefit of using a
3D ultrasound probe, compared to a standard 2D cross-
sectional probe, is the elimination of operator dependency on
image quality by removing the need to manually align the
clip within a plane. The 3D probe automatically scans a
substantial volume so the clip is easily situated within the
volume. Automated analysis can then be performed on the
full 3D volumetric data.

The set of 2D swept slices are reconstructed into a regular
3D Cartesian volume by 3D View 2000 software (General
Electric Health Care). The probe is held on different faces of
the phantom to acquire volumes of the clips in the axial,
lateral and elevational orientations (corresponding to X, y,
and z axes of the Cartesian volumes). Three ultrasound
volumes are repeated for each combination of clip type and
orientation so that an estimate of measurement error is made.

Two measures of visibility are proposed. First, the
contrast-to-noise ratio (CNR) is used to measure clip
contrast. This measure has been commonly used for lesion
detectability in ultrasound [7]. It encompasses both the
brightness of the clip and the variations of the clip brightness
and the background intensities. Practical suggestions for
calculating CNR for the region of interest were taken from
[8]. In general, the clips are depicted as bright structures
within a darker background. Some slices of the volume
occasionally contain a high level of noise that arises from
the practical limits on phantom size and construction
(reflections from walls), so were removed manually. We
define the mean value of the bright pixels by selecting a
threshold and averaging the »n values found above the
threshold:
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Similarly, for the dark background, the mean value is
calculated with the m values found below a threshold:
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Using the same pixels in the above calculations, the
variances czbright and cszdark are calculated. If we define the
contrast of the clips as the relative difference between the

mean values of the bright and dark regions, then CNR can be
defined as

contrast _ Hyigi = Haar

[ 2 2
O-bright + O-dark

The thresholds are set according to the brightest point in
the volume, so the thresholds are recalculated for each
volume. In practice, the brightest points ranged from 100 to
200 (out of a maximum of 255), and the threshold is set
around 70. Since the background was generally much lower
than 70, this is a conservative threshold. The background
threshold is set to 5, 10 or 15 depending on the volume. The
exact values of the thresholds, since kept within reasonable
ranges, have an insignificant effect on the CNR calculations.

The second measure of visibility is related to the
resonance “tail” that often appears below the clip in the axial
direction of the acoustic beam. Measurement of the
ultrasound resonance phenomenon has been investigated
previously for brachytherapy seeds [9]. The issue of
visibility and localization of brachytherapy seeds is similar
to the problem of clip visibility here, and the size and shape
of the brachytherapy seeds are similar to the clips used in
this study. In [9], a characteristic “signature” was measured
for the seeds using a singular spectrum analysis of the
radiofrequency ultrasound signals. Here, a simpler measure
is proposed based on measurements of the B-mode intensity.

The length of the resonance tail is measured by first
calculating the components of the centroid of the echo from
the clip using the central moments of voxels above a
threshold. A threshold of 70 is used for all volumes, but any
value within the range of 50 to 100 generates near identical
results. The thresholded voxels are then normalized to the
maximum intensity. The length of the tail is then defined as
the variance of the thresholded voxel values below the clip
(in the axial direction):
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where y, is the axial location of a voxel u, y. is the axial
component of the centroid and y, is the normalized voxel
intensity value. The index u covers all thresholded voxels
below the centroid (total p).

In summary, the CNR and length of the resonance tail are
calculated for the three clip orientations (axial, lateral,
elevational) and three locations (near-field, focus, and far-
fields) for a total of nine cases. The CNR and the tail are
calculated three times from the three repeated scans and then
averaged. The results are then tabulated for each of the nine
cases versus four clip types.

CNR =

noise

III. RESULTS AND DISCUSSION

Example ultrasound images are shown in Fig. 4. The clips
were discernable as bright features in all ultrasound
volumes. The CNR values are given in Table I. Using the
two-sample t-test for equal means, no significant difference
was found between the means of the CNR for the four clip
types (a=0.05). This means that all three materials and both
sizes produced equal visibility on average over all cases.
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Fig.2 (a) Three identical clips are embedded in a PVC phantom at
locations that correspond to the near-, focal- and far-field regions of
the ultrasound image. The clips are also displaced laterally so that
one clip does not obscure an underlying clip. The clip size is
exaggerated for clarity. (b) The phantom material is semitransparent
to aid placement of ultrasound probe above each clip. Two of the
three clips are barely visible in the circled regions of the
photograph.

Looking at each clip type independently, the CNR was
significantly greater in the focus than the far-field for the
small titanium, small stainless-steel and medium titanium
clips. This was calculated on average over all orientations.
The small stainless-steel clips also showed a significantly
greater CNR in the near-field than the focus.

Again, looking at each clip type independently, the CNR
was significantly better for the axial orientation than the
lateral or elevational direction only for the medium titanium
clip. This was calculated on average over all locations. Clip
orientation showed no significant difference in CNR for the
other clip types.

In general, the clips showed a high CNR with only small
variations with location and orientation. The decrease in
CNR for the far-field is expected since ultrasound receives
weaker echoes in the far-field, so noise is relatively larger.
The resolution is also lower in the far-field so the clip is
depicted with slightly more blurring. This also contributes to
a lower CNR. Only one case showed a dependency of CNR
with clip orientation (medium titanium clip). Otherwise the
clips are visible clearly at all orientations.
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Fig.3 The locations of the clips are as shown in (a) top view and (b)
side view. The outside dimensions of the phantom are 90 mm x 100
mm X 60 mm. In the top view (a), the clips are located at w;=20mm,
w>=43mm, ws;=64mm. In the side view (b), the clips are located at
d;=18mm, d,=32mm, d;=43mm.

The fact that all materials performed equally well may be a
benefit. For example, titanium produces fewer artifacts than
ferrous materials in CT and MR imaging [10], so may be
preferred over stainless steel.

Measurements of resonance tail, given in Table II,
show that the tail appears to be much more variable than
CNR. There does not appear to be a dependency of the
length of the tail with clip material, size, or location. The
only dependency that can be discerned is that the axial
orientation gives a longer tail than lateral or elevational
directions, averaged over all materials, locations and sizes
(p<0.01). There is still a fairly large variability in the length
of the tail for axial orientations (standard deviation for all
tests of axial orientations is 3.6 mm). We speculate that this
variability comes from the sensitivity of the resonance to the
angle of the seed with respect to the ultrasound beam; if not
exactly aligned, less resonance is observed.
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Fig.4 Sample images of the different orientations of the small
tantalum clip in the near field. The images are extracted from the
axial-lateral plane of the volume where rows are in the axial
direction. The ultrasound source is from the left so the tail of the
resonance points to the right. (a) axial orientation of clip. (b) lateral
orientation of clip. (c) elevational orientation of clip.

The sensitivity of the appearance of brachytherapy seeds as a
function of seed angle with respect to the ultrasound beam
has been studied previously [11]. In that study, integrated
optical density (I0D) was shown to change nonlinearly with
seed angle in 2D ultrasound in a water bath. Although that
study did not measure the resonance tail, given the
dependency of IOD on angle, and our results, it may be
feasible to use the variable appearance with respect to beam
angle to distinguish a clip from other bright echoes, such as
calcifications. For example, if the clip or seed can be
viewed from more than one angle (such as with spatial
compounding by electronic beam steering) then the change
in the appearance as a function of beam angle may be
compared to a model of the appearance of the clip. The
comparison may be put into a probabilistic framework to
help classify bright echoes as clips. Robust classification of
markers remains a key unsolved clinical problem in
ultrasound guided radiation therapy.
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