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Varian Eclipse Stereotactic Cone Data Commissioning 
 

Dominika Firth, Penny Fogg, Peter Christiansen  1 
 

 
Abstract Conical collimators are effective and readily available accessories for the field shaping of small 2 
stereotactic fields, however the measurements required to accurately characterise the smallest radiation fields are 3 
difficult and prone to large errors. Furthermore, there is little published commissioning data to compare 4 
measurements against.  5 
The aim of this investigation was to commission the cone dose calculation algorithm of a Varian Eclipse treatment 6 
planning system for a Varian 5mm conical collimator attached to a Varian TrueBeam linear accelerator that had 7 
been beam-matched to the Varian Golden Beam Data (GBD). Tissue maximum ratios (TMRs), off-axis ratios 8 
(OARs), and the output factor (OF) were measured using a PTW 60019 microDiamond and a PTW 60018 SRS 9 
Diode detector. Results were compared to the GBD for this collimator, radiochromic film measurements, and an 10 
output factor measured during an independent audit by the Australian Clinical Dosimetry Service. Film dosimetry 11 
was used to evaluate Eclipse dose calculations in a solid water phantom and end-to-end accuracy with an 12 
anthropomorphic head phantom. 13 
A PTW BEAMSCAN water phantom was used to collect the data, and output correction factors were derived 14 
from IAEA TRS-483. Gamma analysis was used to compare measured TMRs and profiles, and to compare Eclipse 15 
dose planes with film dosimetry results.  16 
Good agreement was obtained between the measurements with the two detectors, and with the various 17 
comparisons carried out to confirm both measurement accuracy and planning system configuration. It was decided 18 
to configure Eclipse with the microDiamond OF and the SRS Diode measured TMR and OAR data. 19 
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Introduction 29 
 30 
Stereotactic radiosurgery (SRS) is a radiotherapy technique used to treat small, localised cranial lesions 31 
inaccessible by surgery. It involves the very accurate delivery of high radiation doses to the planned target volume 32 
while minimising dose to surrounding sensitive cranial structures. Conical collimator accessories define small 33 
circular radiation fields for SRS treatments by attaching to the linear accelerator (linac) head with dedicated 34 
mounting ensuring very accurate central axis alignment [1]. This investigation focused on the 5mm Varian cone 35 
for a TrueBeam linac because of the difficulty of carrying out the required measurements in such a small radiation 36 
field. 37 

The main issues when working with small fields (less than 3cm across at isocentre) are the accuracy of 38 
the measurements, detector choice, and lack of comparison data for specific combinations of linac, modality and 39 
collimation type. Small fields are characterised by three effects; detector volume averaging, lack of charged 40 
particle equilibrium and partial occlusion of the primary photon source. The ideal characteristics of a small field 41 
detector include small sensitive volume and overall detector size to reduce the dose volume effect, low noise, and 42 
near water equivalence to minimise heterogeneity effects. In practice, most commonly available detectors deviate 43 
from the ideal. The variation of stopping-power ratios and perturbation factors with field size also becomes 44 
significant in these small fields thus requiring field and detector-dependent output correction factors,  such as 45 
those published in IAEA TRS-483, to be applied to measured small field output factors [2]. Detector type, cone 46 
and linac vendor, planning system algorithm requirements, and the application of the output correction factor, 47 
therefore all contribute to the variety of available comparison data for cone commissioning. 48 
  49 
Table 1 - Previous approaches, from knowledge available to us, to 5mm cone commissioning output factor 50 
measurement. 51 

Ref First author surname Description 

3 Cheng  Varian TrueBeam (Edge Diode, SFD and A16) and Monte Carlo  

4 Smith  Elekta Versa linac (microDiamond and others) 

5 Oliver  Elekta Synergy linac (microDiamond and others) 

 52 
The aim of this investigation was to measure tissue maximum ratios (TMRs), off-axis ratios (OARs) and 53 

output factor (OF) to configure the Cone Dose Calculation (CDC) algorithm V15.6 for the Varian 5mm ICVI 54 
cone on a Varian TrueBeam V2.7 linac commissioned to match the Varian Golden Beam Data (GBD) for the 55 
Varian Eclipse treatment planning system (TPS). Verification of these measurements was made through 56 
comparisons with the GBD, Australian Clinical Dosimetry Service (ACDS) audit results, and radiochromic film 57 
dosimetry results. The significance of this investigation includes contribution to the cone commissioning data 58 
literature pool providing greater comparison opportunities for others with a similar commissioning task.  59 
 60 
 61 
Methodology 62 
 63 
Beam Data Measurement 64 
  65 
The measurement of the OF, TMRs and OARs for the 5mm ICVI conical applicator were completed on a Varian 66 
TrueBeam linac with jaw size configured in Eclipse and TrueBeam administration during linac commissioning 67 
for all cone sizes to 5.0x5.0cm2 to match the Varian recommendations as per the GBD jaw setting. All 68 
measurements were completed with the gantry at 00 and collimator at 900 for an accelerator calibrated to deliver 69 
1cGy/MU for a 10x10cm2 field size at 100cm SSD and depth of dose maximum.  70 
 Commissioning data was collected with a PTW 60019 microDiamond detector and a PTW 60018 SRS 71 
Diode in a PTW BEAMSCAN water tank phantom V4.2 for a 6MV flattening filter free (FFF) photon beam [6,7].  72 
 The microDiamond detector is a suitable choice for small field dosimetry. Overresponse due to mass 73 
density effects has been found to be offset to some extent by its volume averaging effect [8]. Importantly, TRS-74 
483 contains correction factor data appropriate for a 5mm circular field OF measured with the PTW 60019 75 
microDiamond. The TRS-483 correction factor for the PTW 60019 microDiamond was obtained for an equivalent 76 
square field size of 0.43cm (based on the equivalent area of the measured full-width half-maximum (FWHM)) by 77 
fitting the tabulated data to a fourth order polynomial curve for interpolation of the required correction value, 78 
found to be 0.957 [2]. The ACDS used an output correction factor of 0.955 for the microDiamond based on the 79 
nominal field size. 80 
 The PTW 60018 SRS Diode has the advantage of a smaller radius perpendicular to the beam axis than 81 
the PTW 60019 microDiamond detector (0.6mm and 1.1mm, respectively), resulting in less volume averaging 82 
which is an advantage for the measurement of OARs [6]. The output correction factor for the SRS Diode was 83 
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determined similarly to the microDiamond correction factor, found to be 0.947, however this was extrapolated 84 
down due to the 5mm minimum published equivalent square field size for the detector [2,6]. An output correction 85 
factor from unpublished TRS-483 data for the SRS Diode was applied and adding this data point to the polynomial 86 
fit made the equivalent square field size correction factor 0.946.  87 
 Varian GBD has been reported as an output ratio for the Edge detector to which an output correction 88 
factor was not applied [2,9]. 89 
 Extreme care was taken to set up the BEAMSCAN water tank phantom accurately given the sensitivity 90 
of small field measurements to misalignment. It has been shown that a 1mm displacement in dosimeter position 91 
can lead to a 6.3% error in the measured output factor for a 5mm field, reducing to 1% for a 15mm field, which 92 
highlights the importance of meticulous equipment setup for very small fields [10]. The inclination angle between 93 
the depth scan axis and the collimator rotation axis was evaluated using the in-built beam inclination test and the 94 
water tank was manually adjusted with a levelling platform to achieve measured inclination angles no larger than 95 
0.010 in the in-plane and cross-plane directions. The results from the beam inclination test were also used to 96 
position the detector at the field centre to within 0.1mm.  97 
 The OF was measured at 95cm SSD and 5cm depth, normalised to a 10x10cm2 reference field under the 98 
same conditions. Dose rates of 1000MU/minute and 1400MU/minute were used for these measurements; 99 
however, it was found that this had no statistically significant influence on the measured output and these values 100 
were averaged for the OF calculation.  101 
 TMRs were measured directly and not calculated from percentage depth doses, as recommended for 102 
small fields [2,11,12]. TMR scans were performed at 100cm SDD and were repeated to check reproducibility. 103 
The step size used for TMR measurement was 1mm with a 0.2-second measurement time.  104 
 Profiles for OAR measurement were obtained at SSDs of 80, 90 and 100cm and depth of 5cm. An 105 
adaptive step size was used, with the central 1cm of the field set to 0.2mm, and the outer field set to 0.4mm with 106 
a 0.5-second measurement time.  107 
 For analysis, the cone data was processed in the BEAMSCAN software by smoothing the individual 108 
TMR scans before averaging and normalising in Excel. The OAR data was centred, the step size was re-sampled 109 
to 0.25mm before symmetrising the in-plane and cross-plane scans. The average of these processed scans was 110 
then also normalised in Excel.  111 
 The Varian ICVI Axis Alignment Check was used to confirm the accurate alignment of the cone 112 
accessory with respect to the collimator rotation axis on several occasions throughout this investigation. This 113 
automated check analyses several images acquired with the portal imaging panel for different collimator angles 114 
at gantry 1800 to ensure the field alignment discrepancy with respect to the collimator rotation axis is no larger 115 
than 0.4mm [13]. 116 
 117 
Output Factor Verification with Radiochromic Film 118 
 119 
Verification of the OF measurement was completed using Ashland radiochromic EBT-XD film due to its optimum 120 
dose range of 0.4 - 40Gy being best suited to stereotactic clinical applications [14]. Films were exposed in a 121 
Standard Imaging solid blue water phantom at 95cm SSD and a depth of 5cm with 10cm of backscatter at gantry 122 
00 and collimator 900, to match the water tank setup [15]. Film handling, scanning and triple-channel analysis with 123 
Ashland’s FilmQA Pro software followed the Ashland protocol [16]. Film exposures were scaled to the calibration 124 
for the batch of film using reference films which were exposed to known doses under reference conditions with a 125 
10x10cm2 field size. All films were scanned using an EPSON Perfection V850 Pro scanner at a resolution of 126 
200dpi and 48bit colour. The time between exposure and scanning was greater than 4 times the interval between 127 
the exposure of the reference films and the exposure of the cone films, typically around 2-3 hours, as per Ashland 128 
recommendations [16]. No output correction factor was applied to the OF determined by film measurement as 129 
radiochromic film is a perturbation-free reference detector (except for volume averaging), as described in TRS-130 
483 [2]. At 200dpi resolution (0.13mm per pixel) the volume averaging effect is negligible. 131 
 132 
Verification of Treatment Planning System Dose Calculation Accuracy 133 
 134 
After configuring the Eclipse CDC algorithm with the measured OF, TMR and OAR data, a treatment plan was 135 
created for a static field defined with the 5mm cone applied to the Standard Imaging phantom mentioned above 136 
at 95cm SSD. A coronal dose plane at 5cm depth was created with a size of 7x7cm2 and 512x512 pixels, and 137 
FilmQA Pro was used to compare this dose plane to the 2D dose distribution resulting from film dosimetry under 138 
the same conditions. The two dose distributions were manually registered according to the isodose lines. Triple 139 
channel uniformity optimisation was applied for the gamma analysis and the results for each colour channel were 140 
averaged to provide a single pass rate. Criteria used for gamma analysis included 1%/1mm to identify any small 141 
discrepancies between film dosimetry verification and Eclipse calculation, and 5%/1.5mm which is the criteria 142 
used for clinical SRS cases at our institution.  143 
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 144 
Treatment Planning System Validation Tests 145 
 146 
To complete the dose calculation algorithm  commissioning checks, end-to-end (E2E) testing was performed using 147 
an anthropomorphic head phantom as recommended in AAPM report TG142 for a new or revised procedure [17]. 148 
A CIRS 038 Stereotactic End-to-End Verification (STEEV) phantom with the 038-27 single slice film insert was 149 
scanned with a clinical stereotactic brain protocol using 1mm slices on a Siemens Somatom Definition AS Open 150 
CT scanner [18,19]. The phantom was setup on the CT couch top using a Qfix Encompass SRS insert and 151 
customised Qfix Encompass SRS immobilisation mask with headrest.  152 
 Contours and library structures were added to the CT image set including the PTV, brain, and patient, as 153 
well as the immobilisation equipment and SRS frame. The image set was imported to Eclipse for planning 154 
according to clinical SRS planning protocols, with a combination of arc lengths, angles, and directions, as well as 155 
couch and collimator angles to test all aspects of the deliverability for this cone aperture size. Three plans were 156 
created for this E2E verification to simulate a clinical patient’s treatment, one with clockwise arcs on both sides 157 
of the head, one with counter-clockwise arcs on the left-hand side only and one with clockwise arcs on the right-158 
hand side only. The patient plan was exported to BrainLab ExacTrac V6.5.2 for treatment preparation as per our 159 
clinical SRS treatment workflow [20]. 160 

EBT-XD film dosimetry, as described previously, was used for the patient-specific plan QA in 161 
accordance with our clinical SRS QA protocol. One film was used per plan. The phantom was set up in the 162 
treatment position in line with our cranial SRS treatment protocol, which includes BrainLab ExacTrac x-ray 163 
imaging alignment and verification for each couch angle prior to treatment delivery. 164 

Comparison of the film 2D dose distributions and the corresponding Eclipse dose planes was performed 165 
as previously described. Fiducial markers inherent to the film insert were used to align the scanned film to the 166 
treatment plan. Criteria used for gamma analysis included 1%/1mm, 2%/1mm and 5%/1.5mm to progressively 167 
test the limits of the agreement between the film dosimetry results and the Eclipse calculated dose distributions.  168 
 169 
Evaluation and Statistical Analysis 170 
 171 
Gamma indices for the various comparisons were calculated from the dose difference (DD) and distance to 172 
agreement (DTA) of each data point between the two distributions according to equation 1.  173 𝛤 = √( 𝐷𝑇𝐴𝐶𝐷𝑇𝐴)2 + ( 𝐷𝐷𝐶𝐷𝐷)2   (1) 174 

Where CDTA is the specified acceptance criterion for DTA in mm and CDD is the specified acceptance criterion for 175 
DD in % [21].  176 
 This analysis was used for the comparison of TMR and profile data for different measurement techniques 177 
and equipment. Comparisons were made between the microDiamond and SRS Diode data, and the microDiamond 178 
and GBD for each of the OAR and TMR scans. Gamma analyses for comparisons between film dosimetry results 179 
and Eclipse dose plane calculations were carried out in FilmQA Pro, as earlier described. 180 
 181 
 182 
Results 183 
 184 
Results from four iterations of the Varian ICVI Axis Alignment Check over more than two years are shown in 185 
table 2 for the 5mm cone. The results for the measurement of TMRs and OARs using the microDiamond and SRS 186 
Diode detectors are shown in figures 1-4 while table 3 shows the gamma analysis comparisons between data 187 
obtained from the microDiamond and SRS Diode measurements and the GBD. Table 4 shows the measured OFs 188 
and comparisons with the GBD and the ACDS audit result. Results for the Eclipse validation tests including OF 189 
calculation, dose plane comparison in a solid water phantom, and STEEV plan dose plane comparison are shown 190 
in tables 5-6.  191 
 192 
Table 2 – Results from the Varian MPC ICVI Axis Alignment Checks for the 5mm cone. 193 

Date 5mm cone ICVI alignment to collimator rotation axis (mm) 

Check 1 0.18 

Check 2: after 0.5 months 0.18 

Check 3: after 11 months 0.13 

Check 4: after 29 months 0.13 

 194 
Figure 1 shows the processed, measured microDiamond and SRS Diode TMR data with the GBD 195 

overlaid, all normalised to 100%. The standard uncertainty in all measured TMR data is estimated to be 0.5%. 196 
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The microDiamond and SRS Diode TMR data were measured in water while the GBD TMRs were measured with 197 
a Sun Nuclear Edge Diode in a Gammex 20x20cm2 solid water phantom [9]. The calculated gamma indices 198 
between the microDiamond and SRS Diode data, and microDiamond and GBD are also shown on the plot. It was 199 
found that the DTA for the different detector types differed slightly, which may be attributed to their different 200 
volume averaging characteristics.  201 
 202 
Fig. 1 – Plot of the normalised and processed measured microDiamond TMR data (in blue) overlaid with the SRS 203 
Diode (in orange) and GBD TMRs (in green). Dose percentage is on the primary y-axis, gamma index is on the 204 
secondary y-axis and depth in centimetres is on the x-axis. Gamma indices between the microDiamond and SRS 205 
Diode data are shown by the dotted orange line and gamma indices between the microDiamond and the GBD are 206 
shown by the dotted green line 207 
 208 

Figures 2, 3 and 4 show the processed, measured microDiamond and SRS Diode OAR data at 80cm, 209 
90cm and 100cm SSD respectively, with the GBD overlaid. All profiles are normalised to 100% on the central 210 
axis. The standard uncertainty in all measured OAR data is estimated to be 0.5%. OAR data was measured at a 211 
5cm depth in the PTW BEAMSCAN water tank phantom with the microDiamond and SRS Diode, and in an IBA 212 
water phantom with a Sun Nuclear Edge Diode for the GBD. The calculated gamma indices between the 213 
microDiamond and SRS Diode data, and microDiamond and GBD are also shown on the plots.  214 
 215 
Fig. 2 – Plot of the normalised and processed measured microDiamond 80cm SSD OAR data (in blue) overlaid 216 
with the SRS Diode (in orange) and GBD OARs (in green). Dose percentage is on the primary y-axis, gamma 217 
index is on the secondary y-axis and off-axis position in millimetres is on the x-axis. Gamma indices between the 218 
microDiamond and SRS Diode data are shown by the dotted orange line and gamma indices between the 219 
microDiamond and the GBD are shown by the dotted green line 220 
 221 
Fig. 3 – Plot of the normalised and processed measured microDiamond 90cm SSD OAR data (in blue) overlaid 222 
with the SRS Diode (in orange) and GBD OARs (in green). Dose percentage is on the primary y-axis, gamma 223 
index is on the secondary y-axis and off-axis position in millimetres is on the x-axis. Gamma indices between the 224 
microDiamond and SRS Diode data are shown by the dotted orange line and gamma indices between the 225 
microDiamond and the GBD are shown by the dotted green line 226 
 227 
Fig. 4 – Plot of the normalised and processed measured microDiamond 100cm SSD OAR data (in blue) overlaid 228 
with the SRS Diode (in orange) and GBD OARs (in green). Dose percentage is on the primary y-axis, gamma 229 
index is on the secondary y-axis and off-axis position in millimetres is on the x-axis. Gamma indices between the 230 
microDiamond and SRS Diode data are shown by the dotted orange line and gamma indices between the 231 
microDiamond and the GBD are shown by the dotted green line 232 
 233 

Table 3 shows the gamma analysis pass rates between the microDiamond and SRS Diode measured 234 
TMRs and OARs, and the microDiamond and GBD TMRs and OARs. The gamma pass rates were calculated 235 
using equation 1 with a criterion of 1%/1mm. The uncertainties for the gamma pass rates were calculated as the 236 
averaged standard deviation at different off-axis positions for the OARs and depths for the TMRs. The OARs are 237 
reported based on the SSD they were measured at, all at a depth of 5cm.  238 
 239 
Table 3 – Gamma analysis pass rates for 1%/1mm criterion between microDiamond and SRS Diode TMRs and 240 
80, 90 and 100cm SSD OARs with associated uncertainties, and gamma analysis pass rates for 1%/1mm criterion 241 
between microDiamond and GBD TMRs and 80, 90 and 100cm SSD OARs with associated uncertainties. 242 

MicroDiamond SRS Diode Gamma GBD Gamma 

TMR 99.31 ± 1% 98.91 ± 2% 

80cm SSD OAR 96.58 ± 3% 95.96 ± 4% 

90cm SSD OAR 97.05 ± 2% 96.56 ± 5% 

100cm SSD OAR 97.45 ± 2% 96.41 ± 5% 

 243 
Table 4 shows the measured OF and FWHMs for the microDiamond and SRS Diode, values from the 244 

Varian GBD, the OF measured by the ACDS during the Level 1b small field audit carried out during linac 245 
commissioning using their PTW 60019 microDiamond, and the EBT-XD film measured OF. The uncertainties 246 
for the microDiamond and SRS Diode measured OFs are tabulated as expanded uncertainties with k=2. The 247 
FWHMs were calculated for the three measured OARs at 80cm, 90cm and 100cm SSDs, at a depth of 5cm. The 248 
nominal diameter at depth based on SSD are also shown, which were used as a reference for estimating the errors 249 
in the measured FWHMs. The standard uncertainty for the microDiamond measured OF was calculated by adding 250 
in quadrature the electrometer readings for the two dose rates for the cone dose and 10x10cm2 field dose assumed 251 
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to have a measurement uncertainty of 0.5%, and the TRS-483 published uncertainty for the field output correction 252 
factor of 0.8% [2]. The standard uncertainty for the SRS Diode measured OF was calculated by adding in 253 
quadrature the electrometer readings for the cone dose, 10x10cm2 field dose and intermediate field size dose used 254 
for daisy chaining assumed to have a measurement uncertainty of 0.5%, as well as the TRS-483 published 255 
uncertainty for the field output correction factor of 0.8% [2]. The uncertainties in the doses obtained from the 256 
cone and 10x10cm2 field films were calculated using the average standard deviation for the three colour channels, 257 
which were added in quadrature to determine the uncertainty in the resulting OF, rounded up to the nearest integer.  258 
 259 
Table 4 – MicroDiamond and SRS Diode measured OFs and FWHMs for 3 measured OARs at 80, 90 and 100cm 260 
SSDs at a depth of 5cm with associated uncertainties, GBD output ratio and FWHMs for OARs at 80, 90 and 261 
100cm SSDs at a depth of 5cm, nominal diameter at depth based on SSD, ACDS measured OF, and EBT-XD film 262 
measured OF with associated uncertainty. 263 

Measured  OF FWHM D5 (mm) 

80SSD 90SSD 100SSD 

MicroDiamond 0.623 ± 0.014 4.04 ± 5% 4.52 ± 5% 5.00 ± 5% 

SRS Diode 0.631± 0.016 4.09 ± 4% 4.56 ± 4% 5.05 ± 4% 

Varian GBD 0.664 (output ratio) 3.99 ± 5% 4.29 ± 5% 4.69 ± 5% 

Nominal diameter at depth - 4.25 4.75 5.25 

ACDS 0.625 - - - 

EBT-XD 0.631 ± 1% - - - 

 264 
 From the results and analysis above, it was decided to configure the CDC algorithm in Eclipse for the 265 
5mm cone with the TMRs and OARs measured with the SRS Diode, and the OF measured with the 266 
microDiamond. This was due to the decreased volume averaging evident in the profile measurements with the 267 
SRS Diode compared to the microDiamond measurements, and the greater confidence in the microDiamond small 268 
field output correction factor. To ensure the Eclipse TPS was correctly using this newly entered measured data, 269 
OFs calculated in Eclipse were compared to these measurements and 5mm cone dose planes from Eclipse were 270 
compared to EBT-XD film measurements using gamma analysis.  271 
 Table 5 shows the Eclipse calculated OFs using the microDiamond data for 0.5mm and 1mm calculation 272 
grid sizes in the TPS cone planning module at 95cm SSD and depth of 5cm with 10cm of backscatter. To further 273 
show the effect of the calculation grid size on the resulting OF values, the isocentre was shifted in-plane and cross-274 
plane by half the grid size. This resulted in an additional  difference in the determined OFs for the 0.5mm and the 275 
1mm calculation grid sizes of 0.7% and -3.2%, respectively. To test whether the OF determined in Eclipse could 276 
be more consistent with the microDiamond measurement, a 50x50x50cm3 water equivalent phantom was also 277 
modelled in the TPS for the collection of the cone dose and 10x10cm2 reference dose for the OF calculation. 278 
Differences between the Eclipse calculated OFs and the microDiamond measured OF are also shown in the table. 279 
 280 
Table 5 – Eclipse calculated OFs using 0.5 and 1mm calculation grid sizes with differences from the 281 
microDiamond OF (% Diff to MD), and Eclipse calculated OFs using the offset solid water and 50x50x50cm3 282 
modelled phantom using 0.5 and 1mm calculation grid sizes with differences from the microDiamond OF.   283 

Phantom 0.5mm Calc grid size 1mm Calc grid size 

OF % Diff to MD OF % Diff to MD 

Solid water 0.609 -2.2 0.618 -0.8 

Solid water offset isocentre 0.613 -1.6 0.598 -4.0 

50x50x50cm3 Water equivalent 

phantom 

0.610 -2.1 0.605 -2.9 

 284 
Table 6 shows the FilmQA Pro gamma analysis pass rates for criterion of 1%1mm and 5%/1.5mm for 285 

the OF dose plane, and gamma analysis pass rates for criterion of 1%1mm, 2%/1mm and 5%/1.5mm for dose 286 
planes from each field in the STEEV patient-specific QA plan measured with EBT-XD film. The uncertainties 287 
for the pass rates were calculated using the standard deviation of pass rates between the colour channels in the 288 
optimisation.  289 
 290 
Table 6 – FilmQA Pro gamma analysis pass rates for criterion of 1%/1mm, and 5%/1.5mm for the OF dose plane, 291 
and gamma analysis pass rates for criterion of 1%/1mm, 2%/1mm and 5%/1.5mm for the STEEV patient-specific 292 
QA plan using EBT-XD film, with associated uncertainties. 293 

Plan FilmQA Pro Result  

1%/1mm 2%/1mm 5%/1.5mm 
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OF 99.2 ± 0.2% - 100% 

6.1 – CCW LHS 92.07 ± 0.2% 97.99 ± 0.4% 100% 

6.2 – CW L&R 97.99 ± 0.2% 99.93 ± 0.03% 100% 

6.3 – CW RHS 97.85 ± 0.2% 99.98 ± 0.01% 100% 

 294 
 295 
Discussion 296 
 297 
Conical collimators accurately define very small linac radiation fields suitable for stereotactic radiosurgery of 298 
regularly shaped cranial targets, surpassing the accuracy of field definition achievable with multi-leaf collimators. 299 
Table 2 shows that the alignment of our 5mm cone collimator with respect to the collimator rotation axis was 300 
consistently better than 0.2mm over a period of almost 2.5 years. 301 
 Measurements to characterise such very small radiation fields, particularly output factors, are notoriously 302 
difficult and prone to error. ARPANSA have reported a significant variation of measured output factors with a 303 
standard deviation of 3.6% between measurements during a comparison exercise with a single linac at their centre. 304 
The measurements involved several different detector types, correction factors, setup variations, and analysis 305 
methods, highlighting the importance of completing accurate measurements with suitable detectors as well as 306 
obtaining or deriving appropriate correction factors [5].  307 
 Consistency between measurements performed with different detectors is essential to achieving 308 
confidence in results. This study, which included output factor measurements for a Varian 5mm circular collimator 309 
using three different detectors, as well as comparisons with an independent ACDS audit and with the Varian 310 
Golden Beam Data, showed good consistency between the various results apart from the uncorrected GBD output 311 
ratio. Comparisons with the GBD were considered valid since the linac had been beam-matched to it, and the 312 
GBD is an average dataset representing multiple beam-matched TrueBeam linacs.  313 
 The OF measured with our microDiamond detector agrees well with the ACDS measured OF using their 314 
microDiamond detector of the same type, with the small discrepancy being most likely due to the application of 315 
slightly different user-defined correction factors (within 0.2%). Given the difficulty of measurement and the good 316 
agreement between these OFs, this reproducibility provides confidence in our measurement technique. The output 317 
ratio provided in the GBD was published before the TRS-483 protocol became available. It was later reported by 318 
Varian that the GBD output factors did not include a small field correction factor, accounting for the difference 319 
from the measured OF from this investigation [2,9]. Applying the Edge detector correction factor (0.942) for the 320 
5mm cone used by Cheng et al (2016) to the GBD output ratio results in an OF of 0.625, very close to our 321 
microDiamond and the ACDS microDiamond measured results [3].  322 
 Cheng et al (2016) reported Monte Carlo (MC)-simulated and measured OFs for the same equipment 323 
and parameters (Varian TrueBeam 6FFF modality, 95cm SSD and 5cm measurement depth) applicable to this 324 
investigation, therefore their results are potentially useful for comparison purposes although their reported OFs 325 
are referenced to a 5x5cm2 field rather than a 10x10cm2 field. Small field correction factors were applied to their 326 
measured output ratios; however, their work was carried out before the publication of the TRS-483 protocol and 327 
therefore different sources were used for these factors. Their OF results, after renormalising to a 10x10cm2 328 
reference field using a measured 5x5cm2 OF of 0.938 (compared to 0.940 from the GBD), were 0.629 for an Edge 329 
detector measurement, 0.617 from a measurement with an IBA SFD detector, and 0.632 for a MC simulation 330 
using a 0.25 mm3 voxel size [3].    331 
 The overall good consistency between our microDiamond measured OF and the available comparison 332 
data from the literature provided further confidence in our result. There was a preference to settle on a measured 333 
OF based on a small field correction factor covered in TRS-483 without the need for extrapolation, 334 
notwithstanding potential correction factor dependencies unaccounted for according to work by Casar et al (2018) 335 
such as differences in linac vendor and configuration, beam energy, and collimation type [22]. Our SRS Diode 336 
measured OF was also consistent with the available comparison data and with our microDiamond measured OF, 337 
however it relied on unpublished data for derivation of the correction factor in TRS-483, and it required the 338 
intermediate field size daisy chaining method due to the field size limitations for the detector, potentially adding 339 
to the uncertainty of this result. For these reasons the microDiamond measured OF was preferred for the Eclipse 340 
algorithm configuration. The range of OFs from the six different measurement methods discussed here 341 
(microDiamond, SRS Diode, Edge, EBT-XD, SFD and MC) suggests that the real value for the 5mm cone OF is 342 
approximately 0.625 ± 0.015. This value agrees well with our microDiamond and SRS Diode measured OFs 343 
within the expanded uncertainties reported in table 4. 344 
 It was noted that there was a consistent 0.2mm difference between the nominal diameter at depth and 345 
measured values, however this had a negligible (~0.1% difference) effect on the resulting correction factors for 346 
both detectors used in this investigation.  347 
 There was generally good agreement between the TMR and OAR data measured with the microDiamond 348 
and SRS Diode detectors, and with the GBD. As expected, some variations were observed between the OAR data 349 
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sets off-axis due to the differences in volume averaging effects for different size detectors. The slightly increased 350 
volume averaging effect evident in the microDiamond profiles led to the decision to configure the Eclipse CDC 351 
algorithm with the SRS Diode TMR and OAR data. Although the microDiamond has a smaller nominal sensitive 352 
volume of 0.004mm3 compared to the SRS Diode’s sensitive volume of 0.3mm3, it has a larger entrance window 353 
radius of 1.1mm compared to the 0.6mm radius of the SRS Diode. This leads to more volume averaging in a plane 354 
perpendicular to the radiation beam axis, even though both detectors have identical outer dimensions [6]. The 355 
GBD OARs differ from the microDiamond measured OAR data more than the SRS Diode measured OARs do, 356 
as evidenced by Figures 2 – 4 and the corresponding gamma analysis results in Table 3. This is consistent with 357 
different volume averaging effects for the three detectors, since the Edge detector has an even smaller sensitive 358 
volume in a plane perpendicular to the beam axis (0.8 x 0.8mm) [23]. There may also be variations caused by 359 
different measurement techniques, for example the use of different step sizes for OAR data collection. The GBD 360 
were measured with a 1mm step size and resampled to 0.25mm increments while the microDiamond and SRS 361 
Diode data were collected with a smaller variable step size across the profile and resampled to 0.25mm.  362 
 As shown in Table 5, the Eclipse calculated OF was consistently underestimated  compared to the 363 
measured OF, both for calculation in a solid water phantom and in a 50x50x50cm3 water volume representing the 364 
geometry of the water tank phantom used for the measurements. The reasons for this are unclear, although one 365 
contributing factor could be the way Eclipse generates TMRs from the input measured data. The CDC 366 
configuration program generates adapted TMR data, interpolates it linearly up to 10mm and then models that data 367 
with an equation, which could be associated with errors in the model [12]. We found that for the 5mm cone the 368 
difference between the processed measured TMR data and the Eclipse calculated TMR at a depth of 5cm was 1%. 369 
Despite this OF discrepancy, the film dosimetry comparison with an Eclipse calculated dose plane in solid water 370 
at 5cm depth demonstrated good agreement on gamma analysis (Table 6). 371 
 Table 5 shows a significant dependence on field placement in Eclipse for the 1mm grid size calculation. 372 
A 0.5mm offset of the isocentre within the fixed calculation grid introduced a change in the calculated OF of more 373 
than 3%. This was not evident with a 0.5mm calculation grid, highlighting the importance of fine resolution for 374 
very small field calculations with Eclipse. 375 
 The end-to-end measurements in the anthropomorphic STEEV phantom, simulating the patient journey 376 
through an SRS treatment including simulation, contouring, planning, treatment, and QA, did not reveal any issues 377 
in the clinical process or dose calculation for the 5mm cone. Films were analysed with the clinical tolerance of 378 
5%/1.5mm as well as tighter specifications of 2%/1mm and 1%/1mm to test the limits of the agreement between 379 
the delivery and the plan. All plans achieved a 95% pass rate for the tightest analysis criteria apart from the 380 
counter-clockwise plan having a lower pass rate of 92%. Optimal pass rates of 100% were obtained for all plans 381 
using the clinical tolerance, demonstrating confidence in patient treatment with the 5mm cone. 382 
 Uncertainties in this investigation include the measurement uncertainties for the cone and reference 383 
fields, measurement uncertainties of the TMRs and OARs using the microDiamond and SRS Diode detectors, 384 
gamma analysis pass rate uncertainties, uncertainties related to the Eclipse calculation algorithm and data 385 
modelling, and uncertainty in the small field output correction factors. Type A uncertainties were minimised by 386 
ensuring sufficient measurements were made to allow appropriate statistical analysis. Type B uncertainties were 387 
reduced with the use of appropriate equipment following extensive literature review, optimising measurement 388 
procedures and estimation of associated uncertainties using trusted literature to calculate the error in measured 389 
values to best represent the quality of the experimental data.  390 
 391 
 392 
Conclusion 393 
 394 
The CDC algorithm of our Eclipse TPS was successfully configured for the 5mm ICVI cone accessory attached 395 
to a Varian TrueBeam accelerator at energy 6FFF using an OF measured with a microDiamond detector, and 396 
TMR and OAR data measured with an SRS Diode detector. Validation of this data and TPS performance testing 397 
included comparisons with the Varian GBD, an independent ACDS measured OF, and radiochromic film 398 
measurements, followed by end-to-end testing with radiochromic film dosimetry in an anthropomorphic phantom.  399 
 400 
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Figures

Figure 1

Plot of the normalised and processed measured microDiamond TMR data (in blue) overlaid with the SRS
Diode (in orange) and GBD TMRs (in green). Dose percentage is on the primary y-axis, gamma index is on
the secondary y-axis and depth in centimetres is on the x-axis. Gamma indices between the
microDiamond and SRS Diode data are shown by the dotted orange line and gamma indices between the
microDiamond and the GBD are shown by the dotted green line



Figure 2

Plot of the normalised and processed measured microDiamond 80cm SSD OAR data (in blue) overlaid
with the SRS Diode (in orange) and GBD OARs (in green). Dose percentage is on the primary y-axis,
gamma index is on the secondary y-axis and off-axis position in millimetres is on the x-axis. Gamma
indices between the microDiamond and SRS Diode data are shown by the dotted orange line and gamma
indices between the microDiamond and the GBD are shown by the dotted green line



Figure 3

Plot of the normalised and processed measured microDiamond 90cm SSD OAR data (in blue) overlaid
with the SRS Diode (in orange) and GBD OARs (in green). Dose percentage is on the primary y-axis,
gamma index is on the secondary y-axis and off-axis position in millimetres is on the x-axis. Gamma
indices between the microDiamond and SRS Diode data are shown by the dotted orange line and gamma
indices between the microDiamond and the GBD are shown by the dotted green line



Figure 4

Plot of the normalised and processed measured microDiamond 100cm SSD OAR data (in blue) overlaid
with the SRS Diode (in orange) and GBD OARs (in green). Dose percentage is on the primary y-axis,
gamma index is on the secondary y-axis and off-axis position in millimetres is on the x-axis. Gamma
indices between the microDiamond and SRS Diode data are shown by the dotted orange line and gamma
indices between the microDiamond and the GBD are shown by the dotted green line


