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Background: The Qfix kVue table is widely used in proton beam therapy. It is made with light weight
carbon fiber material in order to minimize its water-equivalent thickness. However, the design uses two rails
underneath the couch in order to support the weight of the patient. These rails are structured frames made
of high density carbon fiber with larger water-equivalent thickness. Moreover, depending on the relative
orientation between the rail structures and the incident beam angles, the water-equivalent thickness can
change significantly. Common clinical practice assumes that the rails are out of the beam path for planning
and relies on the treatment staff to ensure that the rails are in the designated position relative to the patient
during actual treatment. This study examines the dosimetric effects of the rails.

Methods: A Qfix kVue table with rails was scanned using computed tomography (CT) and proton pencil
beam scanning plans were generated with and without rails in the beam path. The impact of the rails on the
proton range and dose distribution was studied in a virtual water tank and a test patient.

Results: The water-equivalent thickness of the rails varies from a few millimeters to a few centimeters,
depending on the beam angle and the location. In general, range of the proton beam is reduced most
significantly and the dose disturbed most drastically when the beam traverses parallel through the outer and/
or inner edges of the rails.

Conclusions: Rails have a sizable and non-uniform impact on the dose distribution. They should be kept

out of the beam path during treatment.
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Introduction guidelines on proper beam angle arrangements to minimize

. . . the dosimetric interference from couch tops. However,
Patient support structures are known to have dosimetric

effects that are not negligible. AAPM TG-176 (1)
summarizes the dosimetric impact of couch tops for both

certain clinical conditions, such as re-treatment or extensive
lesion size in the medial-posterior section, could limit the

photon and proton radiation, and provides extensive available beam angles to the planners and optimal beam

guidelines on commissioning measurement requirements as avoidance to the rails or table edge may not be achievable

well as avoidance strategies in the clinic. Subsequent works
compared multiple proton couch tops together with accessory
immobilization devices (2,3). These studies provided general
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for those cases. Such situations could potentially push the
beam very close to the unfavorable table structures, e.g.,
the underlying rails and/or uneven table edges. Slight
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Figure 1 The Qfix kVue table with rails.

misalignment of the patient relative to the table top, in this
case, could have a large dosimetric effect that is not captured
by the treatment planning system (TPS). In this study we
examined and quantified the dosimetric effects of unfavorable
couch top structures such as rails.

The kVue system is widely used in proton beam
therapy (4). It is composed of a fixed base and an
interchangeable tabletop. With a physical thickness of
2.8 cm and a water equivalent distance of about 0.5 cm, the
tabletop is composed of low density carbon fiber and has
low attenuation under both photon and proton radiation,
and instigates minimal artifacts with cone beam computed
tomography (CT). The wide variety of interchangeable
tabletops that can all fit into the same base made the kVue
system one versatile patient support device for patient
treatment. However, in order to support the weight of the
patient, two rails composed of higher density carbon fiber
must be placed under the thin table top (Figure I). The
rails are attached to the base which, in turn, is fixated to the
robotic arm that is capable of bearing a weight of 500 pounds.

During simulation, the removable tabletop is used and
included into the patient’s CT scan for dose calculation.
The rails, however, are not used and therefore not included
in the patients’ CT scan. This discrepancy between the
CT scan and the actual treatment table must be carefully
managed in order to ensure correct dose calculations. To
reconcile this discrepancy, outlines of the rails are inserted
into the patient’s structure set to assist the planners in
visualizing the position of the rails. Beam angles are then
selected such that no beams will go through the rails.
Note that the rails are movable under the base of the kVue
system, i.e., the left and the right rails do have a limited
range where they can be either pushed inward to the center
of the tabletop, or outward to the edge of the tabletop.
This ability to configure the position of the rails, together
with the use index bars to shift the patient laterally on
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the table, allows the designed treatment plans to have all
proton beams avoid traversing the rails. However, for actual
treatments, the position of the patient may not always be
centered at the table, or at the designed location of the index
bar (in the case that a lateral index bar is used). In practice,
we notice that the position of the patient relative to the
tabletop can vary up to 2 cm from day to day, as evidenced
by the allowable ranges of the tabletop positions in weekly
chart checks. Inevitably, there are cases where the edges
of the beam can skim very closely to the rails. Depending
on the exact beam angles and the angled structures within
the rails, deviation of the actual dose distribution from that
seen in the TPS can become significant. In this study, we
quantitatively examine the dosimetric effects of the rails
using both a water tank and a patient CT. We present the
following article in accordance with the MDAR reporting
checklist (available at https://tro.amegroups.com/article/
view/10.21037/tro-22-9/rc).

Methods

In this study, the kVue tabletop with rails was placed on a
simulation table and scanned using a GE Optima CT580,
with X-ray tube voltage at 120 kV and slice thickness of
2.5 mm. The test proton plans were made using Varian’s
Eclipse TPS (Varian Medical Systems, Palo Alto, CA, USA)
for a water tank and a patient.

For the study with a water tank, a box contour was drawn
on top of the kVue couch with rails, and its Housfield unit
(HU) values were assigned to be water. It is more than
50 cm x 50 cm in cross section and about 22 c¢m in height.
"Test plans were generated at various gantry angles using the
pencil beam scanning technique (5-7), targeting a cuboid
clinical target volume (CTV) with 5 mm margin. The
HU of the table top and the rails were assigned to be air
in the plan optimization, emulating a typical clinical plan
where the beams avoid the rails. After the optimization
is completed, the HU assignment to air was removed so
that the tabletop and the rails” actual HUs were used to
evaluate their dosimetric impact. The kVue tabletop is
designed to have a thin exterior layer with a low density
core that combine to give a near constant water equivalent
distance within a single beam regardless of the direction of
the incident beam angle. The water equivalent thickness
is about 0.5 cm for vertically incident beams based on our
Eclipse TPS. This is consistent with the values reported in
earlier studies using the same model couch top (2,3). Unlike
the flat and relatively uniform table top, the rails on the
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other hand have internal structures that can induce different
water equivalence distances depending on the beam’s
incident angle and locations.

For the study with a patient scan, the proton plan was
optimized on an anonymized patient scan with a tabletop,
but without the rails. After the optimization is completed,
the plan was copied to another CT scan with rails contoured
and HU overridden beneath the table. An in-house Monte
Carlo dose engine based on MCSquare was used to calculate
the dose distributions (8-10). The dose distributions from
both plans was compared to evaluate the effect of rails.

Results
Case A: posterior-anterior (PA) beam on a water phantom

Figure 2 shows the dose distributions of a cuboid, optimized
to have uniform dose distribution without the rails. The

Figure 2 PA beam without kVue rails. CTV, clinical target volume;

PA, posterior-anterior.
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nominal energy is 154 MeV with 16 cm range, 11 cm
spread-out Bragg peak (SOBP) and 20 layers. The same
plan was then re-calculated with the rails inserted beneath
the table. The water equivalent distance and dosimetric
effect of the rails was evaluated by comparing the original
uniform dose distribution and the dose distributions
perturbed by the rails (Figure 3). The water equivalent
distance of the rails varies from 0.6 to 3.8 cm, depending on
the relative orientation of the rails’ internal structures and
the beam angle used. Note that the largest perturbation is
on the outer edge where the beam traverses parallel to an
angled frame. The impact on the dose varies at different
locations accordingly, with the biggest impact again on the
outer edge. Figure 4 shows an example Gamma test (11)
between doses with and without rails in the beam path.

Case B: posterior oblique beams on a water phantom

For an oblique beam as shown in Figure 5, the kVue
tabletop has a slightly longer water equivalent distance
than the PA beam, and pulls back the isodose lines slightly
more than the PA beam. The nominal energy for this right
posterior oblique (RPO) beam is 159 MeV with 17 cm
range, 11 cm SOBP and 20 layers. As shown in Figure 6,
the water equivalence distance of the rails varies at different
locations, with the largest on a left rail’s inner edge which is
almost parallel to the beam path.

Case C: disturbance of dose on a test patient

A test patient plan was optimized with the tabletop in the

Figure 3 Dosimetric impact of kVue rails on PA beam at gantry 180 degrees, with increments of 0.75 cm between the panels along the

z direction. Please note that due to the rails’ internal structures, cross sections of the rails are slightly different at various z locations. PA,

posterior-anterior.
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Figure 4 Gamma comparison of the two PA plans with and without rails. The passing rate is 94.8% at the isocenter for 2D gamma analysis
with 3 mm DTA/3% DD criteria. PA, posterior-anterior; DTA, distance-to-target; DD, dose difference.

Figure 5 RPO beam at gantry 200 degrees without kVue rails.
CTYV, clinical target volume; RPO, right posterior oblique.

CT but no rails (Figure 7, left column). The target volume
is the lumbar vertebrae. For the RPO beam in the patient
plan, the nominal energy is 183 MeV with 22 cm range,
13 cm SOBP and 21 layers. The nominal energy for the
LPO beam is 175 MeV with 20 cm range, 13 cm SOBP and
22 layers. The test plan was then copied to the scan with
the rails contours in the beam path (Figure 7, right column).

© Therapeutic Radiology and Oncology. All rights reserved.

The HU of the rails contours are assigned to be 200 based
on the proton stopping power of the physical rails. The
doses between those two plans were compared at various
locations. The gamma analysis was also done between these
two plans (Figure 8). The beam’s eye view, as seen from the
two posterior oblique beams, is shown together with the rail
structures and the proton spots (Figure 9).

Conclusions

The kVue system’s rails do have a dosimetric impact on
the dose distribution that is not negligible. As seen in this
study, the rails should not be in the beam path for treatment
for plans that are optimized without specifically taking the
rails into consideration. For treatment plans with posterior
beams, it is therefore important for the therapy staff to
ensure the rails are positioned at the designated location.
Currently, newer tabletops that do not require weight
supporting rails are also being developed to simplify the
treatment process.
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Figure 6 Dosimetric impact of kVue rails on RPO beam at gantry 200 degrees, with increments of 0.75 cm along the z direction. RPO,

right posterior oblique.

Figure 7 Monte Carlo dose comparison with and without rails in the beam path at various locations: (A) z=-17.45 cm, (B) z=-19.70 cm and (C)
z=-23.95 cm. The plots on the right have rails in the beam path, while those on the left do not have rails.
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Figure 8 Gamma comparison of the two Monte Carlo plans with and without rails, at a slice when two fields are merging. The passing rate
is 94.2% at this slice, for 2D gamma analysis with 3 mm DTA/3% DD criteria. The failing pattern is consistent with the structure of the
rails. DTA, distance-to-target; DD, dose difference.

Figure 9 Beam’s eye view of the rails to field LPO (left panel) and to field RPO (right panel), as well as the CTV of the lumbar vertebra
body (red) and beam spots (blue dots). LPO, left posterior oblique; RPO, right posterior oblique; CTV, clinical target volume.
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