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Overview

· Provide information needed to clinically implement a modified Winston-Lutz test for IGRT accuracy
· Test end-to-end IGRT positioning accuracy for clinical treatment setups with 0.1 mm precision in less than 5 minutes

· The test is performed by aligning phantom containing radiopaque sphere with IGRT system, then capturing radiation field exposures with film or EPID

· The test results are used to determine end-to-end accuracy for frameless SRS, SBRT, and IGRT treatments 

Winston-Lutz Phantom

Most Winston-Lutz phantoms include holders that attach to the couch or a halo. Because this test uses the IGRT system to position the phantom, a special Winston-Lutz phantom without a holder needs to be used. The phantom should include a radiopaque sphere embedded in a plastic phantom. The radiopaque sphere should be large enough to cast a shadow in MV beam exposures, but small enough to not cause significant CBCT artifacts. The plastic surrounding can be scribed with isocenter marks for visual alignment.
Sun Nuclear Corporation (http://www.sunnuclear.com/) sells a 6 cm plastic cube with an 8 mm steel sphere embedded at the center. It has crosshair scribing on all sides indicating its center, and does not cause CT or CBCT artifacts. A similar phantom was used in all tests.
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Picture of the prototype cube from Sun Nuclear Corporation, with added setup isocenter marks.
CT Scan and Planning

The phantom should be scanned with a clinical CT simulator using a small slice width (typically 1-2 mm). After verifying the radiopaque sphere is clearly visible in the scan and there are no significant CT artifacts, the images should be transferred to a clinical treatment planning system (TPS).
In the TPS, carefully create a region of interest (ROI) of the radiopaque sphere. Place isocenter at the centroid of the sphere. Create small fields (the following tests use 2x2 cm) that are collimated with your clinical beam shaping device (typically MLC or stereotactic cone, not the main jaws). Export the CT data set, isocenter, and treatment fields to the clinical record and verify (R+V) system.
Note: Only AP and lateral MV fields need to be created for routine IGRT testing. To perform a full Winston-Lutz test for SBRT or SRS treatments, several other fields with varying gantry, collimator, and couch angles should be created.
R+V Setup
Create a new patient in your R+V system. Import the CT scan, isocenter set at the centroid of the radiopaque sphere, and treatment fields from your TPS. Create a CBCT field, and add kV imaging fields if desired. Finally, for EPID measurements, add MV port films for each treatment field.
MV port films should be exposed using the largest source to imager (SID) distance possible. This will result in a greater magnification factor of the exposure, and thus each pixel of the EPID image will correspond to a smaller area at isocenter.

Note: This test can be used for both CBCT and kV imaging alignments.
IGRT Alignment and Film/EPID Exposures

Place the phantom directly on the treatment couch. The phantom can be aligned at isocenter, or offset from isocenter to test couch positioning accuracy. Take a high-resolution CBCT (using the smallest slice width and highest matrix size available) or kV image pair.
Align the IGRT and planning CT radiopaque sphere positions as accurately as possible. The exterior of the phantom may or may not align perfectly in the IGRT software display, since the radiopaque sphere alignment is a higher priority. 
If necessary, perform couch motions to complete the IGRT alignment.

Take at least two Winston-Lutz exposures using either film or EPID. 
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Picture of the phantom placed on the treatment couch.

Exposure Analysis

Typical Winston-Lutz tests can be analyzed on a pass/fail basis by manually observing the position of the radiopaque object’s edges relative to the radiation field. While this technique could be used for IGRT analysis, it can be faster and more useful to perform a software analysis of each exposure.
Note: This test includes inaccuracies due to IGRT isocenter definition, MV isocenter variation, IGRT software alignment, IGRT couch motions, TPS centroid isocenter definition, CT slice width effects, ROI contouring accuracy, and MLC / stereotactic cone positioning. Its results will likely have more variation than standard Winston-Lutz tests that do not include IGRT positioning and CT simulation accuracy.

There are several available software packages that can assist with Winston-Lutz exposure analysis. Software interpolation and use of ROIs can be helpful in improving the spatial accuracy of EPID images, which typically have 0.4 mm wide pixels at isocenter. Using interpolation and large SIDs (150-180 cm) can result in better than 0.1 mm test accuracy.
High levels of accuracy are not needed to perform pass/fail IGRT positioning tests. However, performing this test with 0.1 mm accuracy on a daily or monthly basis can identify trends in IGRT positioning and allow the IGRT isocenter to be adjusted before failing.
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Screenshot of DoseLab Pro’s automatic Winston-Lutz analysis (http://www.doselab.com/).
Varian 21iX Reproducibility Results

A setup isocenter was placed on the custom Winston-Lutz phantom with a 5 mm shift from its marked isocenter in each of the vertical, longitudinal, and lateral directions. The phantom was aligned to the setup isocenter using the room lasers, and a CBCT with 1 mm slices was taken with a Varian 21iX. Varian’s IGRT software was used to align the tungsten sphere to the ROI imported from the TPS.

Automatic couch motions were used to place the phantom at the IGRT system’s isocenter, and AP and lateral port films were taken with a 2x2 cm2 MLC-defined field. This process was repeated a total of 10 times. The EPID images were analyzed with DoseLab Pro’s Multi-Image Winston-Lutz tool to determine the offset between the radiation field and final position of the tungsten sphere, shown in the table below.
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Mean -0.04 0.01 -0.01 0.48

St. Dev. 0.68 0.37 0.44 0.41

Min -0.93 -0.83 -0.67 -0.49

Max 0.72 0.46 0.32 0.96

AP EPID image Lateral EPID image

Winston-Lutz analysis results of 10 sequential IGRT-positioned custom phantom EPID 

exposures. Values are differences between radiation field and tungsten sphere centroids.


This IGRT end-to-end test shows the radiation field was always within 1 mm of the IGRT-positioned phantom. The standard deviation for all exposures was around 0.5 mm. Although the Y values of both the AP and lateral images correspond to the same superior/inferior direction, their mean values differed by almost 0.5 mm. This is likely due to radiation field positioning variance with gantry angle.
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