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Dosimetirc effects of carbon fiber couch on volumetric modulated arc therapy of cervical cancer

KONG Wei, YE Hongqiang, HE Jianli, XIA Xinshe, ZHAO Ting, DING Wei, SHANG Jun
Department of Radiotherapy, General Hospital of Ningxia Medical University, Yinchuan 750004, China

Abstract: Objective To study the dosimetric effects of carbon fiber couch on the volumetric modulated arc therapy (VMAT) of
cervical cancer and it's correction methods. Methods Computed tomography (CT) electron density phantom was used to calibrate
the CT value of large aperture CT, and the relative electron density-CT value curve was established with Eclipse 10.0 treatment
planning system (TPS). After the carbon fiber couch on the medical electron linear accelerator was scanned with CT, the obtained
CT image was transmitted to the Eclipse TPS and the CT value of the carbon fiber couch was measured. Base on the CT value,
a carbon fiber couch model was established in the TPS. Under the same measurement conditions, the attenuation coefficients
of the carbon fiber couch in the TPS and in the actual condition were measured and analysis. A total of 5 patients with stage IA
or [IB cervical cancer were selected, and plans with no carbon fiber couch were designed using Eclipse TPS. Then, 3 models
of carbon fiber couch of different thicknesses (Thin, Med and Thick) were established on the positioning image, and the plan
with no couch was directly transplanted to the images of 3 different couches. Dose calculation was performed based on that the
treatment center and machine unit remained unchanged. Finally, the dosimetric differences in planning target volume (PTV) and
organs-at-risk (OAR) were compared between plan with and without carbon fiber couch and among plans with 3 different couches.
Results For Thin and Thick carbon fiber couches, the deviation of attenuation coefficient between the actual measurement and
TPS calculated results was not more than +1%. There were statistical differences in the dose indexes of PTV and OAR between
plans with no couch and those with couch (P<0.05). However, the thickness of carbon fiber couch has a certain effect on the
accuracy of PTV and OAR dose evaluations. Conclusion Carbon fiber couch affects the dose distribution of VMAT plan for

cervical cancer. Therefore, an appropriate model of carbon fiber couch should be established and participated in the dose
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calculation when VMAT is carried out. Moreover, the thickness of carbon fiber couch model should be determined according

to the position relationship between PTV and carbon fiber couch.

Keywords: cervical cancer; carbon fiber couch; volumetric modulated arc therapy; planning system; attenuation coefficient
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Tab.1 Attenuation coefficients of Thin carbon fiber couch for dose (%)
Parameter 120° 130° 140° 150° 160° 170° 180° 190° 200° 210° 220° 230° 240°
Dine 97.11 96.60 97.55 98.08 9840 9854 9843 9854 9827 9783 9729 96.55 96.76
Divs 97.83 96.58 9691 9747 9743 9797 9761 97.60 9730 9720 96.89 96.71  97.66
Difference  -0.72 0.02 0.64 0.51 0.97 0.57 0.82 0.94 0.97 0.63 0.40 -0.16 -0.90
<2 Thick EEATT R FIEMTH A (%)
Tab.2 Attenuation coefficients of Thick carbon fiber couch for dose (%)
Parameter 120° 130° 140° 150° 160° 170° 180° 190° 200° 210° 220° 230° 240°
Drie 96.63 9593 96.59 97.05 97.65 97.60 98.00 97.82 97.53 96.88 9721 9579  96.59
Dips 97.53 9642 9634 96.80 97.04 97.72 9748 9735 96.79 96.67 9650 96.40 97.56
Difference  -0.90 -0.49 0.25 0.25 0.61 -0.12 0.52 0.47 0.74 0.21 0.71 -0.61 -0.97
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Fig.1 Attenuation coefficients of Thin carbon fiber couch for dose
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Fig.2 Attenuation coefficients of Thick carbon fiber couch for dose

=3I PIVRIFIESH(x+s)

Tab.3 Dose parameters of planning target volume (Mean+SD)

Parameter No couch Thin couch ~ Medium couch ~ Thick couch
D../Gy 53.90+0.37 53.33+0.35 53.31+0.35 53.28+0.35
Ds0ooi/Gy 52.35+0.25 51.78+0.27 51.75+0.26 51.71+£0.26
Dos/ Gy 49.65+0.23 49.04+0.22 49.00+0.25 48.97+0.23
HI 0.081+0.011 0.083+0.010 0.083+0.011 0.083+0.011
CI 0.873+0.021 0.843+0.017 0.839+0.019 0.835+0.020

HI: Homogeneity index; CI: Conformity index
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Tab.4 Dose parameter comparison of planning target volume
P value
Parameter
No vs Thin No vs Medium  No vs Thick  Thin vs Medium  Thin vs Thick Medium vs Thick

Day <0.001 <0.001 <0.001 0.040 0.001 0.005
Dsox <0.001 <0.001 <0.001 0.001 <0.001 0.002
Dosys <0.001 <0.001 <0.001 0.068 0.006 0.162
HI 0.003 <0.001 0.001 0.141 0.156 0.772
CI 0.027 0.024 0.024 0.012 0.014 0.020

EIF IR Z 8] e, Horp Dy %) Thin vs Medium 1 Thin -+ X, HE 45 R LA BA G222 X, W 5/
%6,

vs Thick DA & Vs, [ Thin vs Thick 25 7 H A G127 =

x5 MIFIESE (x+s)

Tab.5 Dose parameters of small intestine (Mean+SD)

Parameter No couch Thin couch Medium couch Thick couch
D./Gy 51.38+0.57 50.94+0.58 50.90+0.59 50.89+0.58
V% 32.4+7.0 31.9£7.0 31.8+6.9 31.846.9
Vil/% 15.6+4.4 15.3+4.4 15.2+4.4 15.2+4.4
Vis/em’® 156.6+45.8 151.5+44.6 151.2+44.6 150.5+44.3

F6 NANFIESHELE

Tab.6 Dose parameter comparison of small intestine

P value
Parameter
No vs Thin No vs Medium  No vs Thick  Thin vs Medium  Thin vs Thick Medium vs Thick
Dy, 0.001 <0.001 <0.001 0.011 0.001 0.184
Vi 0.002 0.007 0.006 0.541 0.305 0.374
Vi 0.001 0.001 <0.001 0.374 0.070 0.178
Visa 0.004 0.004 0.004 0.246 0.007 0.061
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Vo BB B HAT Geit 08 3 PEILR 9 FIZL 10,

% Vis 1 Medium vs Thick 22 A EE Siit2¢E X, 2.6 BRELHFIEILER
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Tab.7 Dose parameters of rectum (Mean+SD)

Parameter ~ No couch Thin couch Medium couch Thick couch

D../Gy 52.98+1.30 52.23+1.20  52.20+1.19 52.16£1.19
Val/% 60.4+£5.9  58.4+54 58.2+5.3 58.0+£5.3

V% 50.0£3.9  48.1+4.0 48.0+4.0 47.9+£3.9
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Tab.8 Dose parameter comparison of rectum
P value
Parameter
No vs Thin No vs Medium No vs Thick Thin vs Medium  Thin vs Thick Medium vs Thick

D»y, <0.001 <0.001 <0.001 0.049 <0.001 0.025

Vi 0.004 0.004 0.002 0.033 0.004 0.016

Vi <0.001 <0.001 <0.001 0.004 0.004 0.070

=9 BRHFIESH(x+s)
Tab.9 Dose parameters of bladder (Mean+SD)

Parameter No Couch Thin Couch Medium Couch Thick couch

Vs/% 21.245.8 19.246.4 19.0+6.3 18.946.3

PR BE, A\ Thin JHARJGEREFRFEEE AN ELE3AF] Thick J52
J# . Exact IGRT Couch Top #5%4 fit) g 37 = 4K #f Panel
Surface il Panel Interior Y] CT{H , AW 5T 2K IE AR
ST IRYF T4 2 67 CT F #7434, Il i Panel Surface

®10 BEREFIESHLE

Tab.10 Dose parameter comparison of bladder

P value
Parameter
No vs Thin No vs Med No vs Thick Thin vs Medium Thin vs Thick  Medium vs Thick
Vs 0.010 0.006 0.004 0.003 0.013 0.070
R11 REXFIESH(r+s)
Tab.11 Dose parameters of femoral heads (Mean+SD)
Organs-at-risk Parameter ~ No couch Thin couch Medium couch Thick couch
Femoral head-L D»./Gy 45.27+2.22 44.9242.18 44.89+2.18 44.86+2.19
Femoral head-R D./Gy 44.67+3.53 44.37+3.45 44.35+3.45 44.31+3.45
RI12 REXHFIESH
Tab.12 Dose parameter comparison of femoral heads
P value
Organs-at-risk Parameter
Novs Thin  No vs Medium  No vs Thick Thin vs Medium  Thin vs Thick Medium vs Thick
Femoral head-L Do, <0.001 <0.001 <0.001 0.011 0.015 0.046
Femoral head-R Day, 0.002 0.002 0.001 0.022 0.006 0.003
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