Cherenkov Imaging for TSE patients using cameras from multiple angles
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INTRODUCTION

RESULTS

Total skin electron Therapy (TSET) has proven to be one of the most effective
treatments for cutaneous T-cell lymphoma (mycosis fungoides) [1].
Cherenkov imaging has been used to quantify the dose distribution for TSE
patients [2]. However, there are several deficiencies of the previous
Cherenkov imaging setup for TSET: (1) The Cherenkov camera is mounted on
a tripod and its position is not reproducible for day-to-day Cherenkov
imaging. (2) There is only one camera looking at Cherenkov imaging from
the front side and the Cherenkov emission from the side is either under- or
over-estimated due to oblique emission of Cherenkov photons. Thus, we
have introduced a new setup that uses 3 wall-mounted Cherenkov imaging
cameras for simultaneously Cherenkov imaging of TSET patients.

Figure 2 shows the flood images of the three cameras: camera at
the door (cam0), camera in the front (cam1), and camera at the wall
(cam2). This is used to correct the camera sensitivity variation in
2D. The ranges of variation along the vertical direction through the
center are 0.55 – 1, 0.83 – 1, and 0.55 – 1 for cam0, cam1, cam2,
respectively; and are 0.78 – 1, 0.93 – 1, and 0.6 – 1 along the
horizontal direction through the center (600, 960) for cam0, cam1,
cam2, respectively. Figure 3 shows the raw Cherenkov images for
1000MU of the cube phantom (Fig. 1) in the upper row and the
flood-corrected Cherenkov imaging in the lower row. The flood
correction is performed by dividing the raw Cherenkov by the
corresponding flood imaging in Fig. 2. The ratios of dose on the
sides to that facing the radiation are 0.24 and 0.25 for the door and
wall side, respectively. Figure 4 shows the linear relationship
between the raw Cherenkov intensity and the dose (Fig. 4a) at the
location of the diode detectors (see Fig. 1) using data obtained for
MU = 1000 and 5000. Similar linear relationship can be obtained
between the flood-corrected Cherenkov intensity and the dose (Fig.
4b). Notice that the slope for cam0 and cam2 are very similar,
0.0080 and 0.0084, while that for cam1 are 16% higher, 0.0094.
Figure 5 shows the raw (upper row) and flood-corrected (bottom
row) Cherenkov images for the cylinder. The ratios of dose on the
sides to that facing the radiation are 0.39 and 0.42 for the door and
the wall side, respectively, based on ratio of flood-corrected
Cherenkov intensity and its relationship to dose (Fig. 4). Figure 6
shows the 6 postures (AP, LPO, RPO; PA, LAO, RAO) of a patient
undergoing TSET. Figure 7 shows the raw Cherenkov images for AP
position for the three cameras. Figure 8 shows the Cherenkovconverted dose map for all postures from cam1.

AIM
The purpose of this study is to evaluate the performance of a new
generation multi-angle Cherenkov imaging cameras and 3D structure
cameras for Cherenkov imaging of TSET patients .

METHOD
Figure 1 shows the front Cherenkov camera (Fig. 1a) and the two side
Cherenkov cameras (Fig. 1 b&d) as well as the front of the TSE stand (Fig.
1c). A 6 MeV HDTSe beam from a Varian Truebeam Linac is used for TSET
treatment at SSD = 500 cm in a TSET stand with a 3-mm thick scattering
sheet using a Stanford technique [3]. The Cherenkov-to-dose conversions
were measured in a cube with diode detectors attached to 3 sides (Fig.1)
and a cylinder (not shown) at the same location. In addition to Cherenkovto-dose measurements in a cube and a cylinder, the flood image of each
camera was taken with a uniform light source. Finally, the Cherenkov
images were taken in a patient and converted to dose after correction with
flood images and renormalized to dose at umbilicus point using OSLDs.
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Figure 1: Picture of (a) front mounting Cherenkov camera located at ~ 700 cm from
the cube; (b) wall mount Cherenkov camera at ~250 cm from the cube and side view
of a cube phantom; (c) Front view of TSE stand with a cube phantom; (d) door mount
Cherenkov camera at ~ 250 cm from the cube and side view of a cube phantom.

Figure 2: Flood image (normalized to 1 at max point) for
Cherenkov cameras at door (cam0), front (cam1), and wall (cam2).

Figure 4: Linear relationship between Dose and Cherenkov
intensities for the three cameras for the cube phantom (Fig. 3)
using 1000 and 5000 MU.

Figure 6: The 6 postures of the patient (#38) undergoing TSET
based on 3D structure scan.

Figure 7: Cherenkov images (door, center, and wall) of patient #38
for AP position using dual-field 6 MeV HDTSe beam in TSET
position (500 cm SSD).

Figure 3: Cherenkov images of a cube phantom for 1000 MU dose
irradiation using a 90-degree gantry 6 MeV HDTSe beam in TSET
position (500 cm SSD). Upper rows are the raw Cherenkov images
for the three cameras (door, center, and wall). Bottom rows are
the flood-corrected Cherenkov images (door, center, and wall).

Figure 5: Cherenkov images of a cylinder phantom for 1000 MU dose
irradiation using a 90-degree gantry 6 MeV HDTSe beam in TSET
position (500 cm SSD). Upper rows are the raw Cherenkov images
for the three cameras (door, center, and wall). Bottom rows are the
flood-corrected Cherenkov images (door, center, and wall).

Figure 8: Cherenkov-converted dose maps of patient #38 using
dual-field 6 MeV HDTSe beams in the 6 TSET postures (500 cm
SSD) from the center camera (cam1).
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Using wall-mounted cameras provide improved reliability of daily camera positioning for
application of flood fields to reduce uncertainty due to pixel-to-pixel sensor sensitivity
variations.
The dose on the sides of the phantom are consistently lower than the dose facing the
radiation and the dose ratios range from 0.24 for a cube to 0.40 for a cylinder, the later is
closer to that from in-vivo patient measurements. The dose ratio obtained from using
multiple cameras for patient side and for vertex is lower than the ratios of dose based on
the front camera alone (see Fig. 8). We will use the patient postures based on 3D scans (Fig.
6) to perform MC simulations to validate the experimental findings.
More works are needed to fully calibrate the multiple-camera setup to determine
correct dose accumulation on the patient body.
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