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Background

Legacy Flat Table Insert Orfit Conformal Table Insert

The ZAP-X Conformal Table purports a 15-25% increase in solid angle 
available for beams that were previously inaccessible due to potential for 
collision of the couch with the internal components of the ZAP-X delivery 
system.  We present the plan and dosimetric improvements observed following 
the installation of the upgraded Conformal Table Insert with regard to treatment 
of Trigeminal Neuralgia patients on the ZAP-X platform.  

The ZAP-X Conformal Table upgrade was performed at our site in August 2024.

• We assess the improvement in solid angle for Trigeminal Neuralgia plans 
comparing patients treated prior to the couch upgrade to patients treated 
following the upgrade

Methodology Discussion

ZAP-X beam geometry limits as implemented in version DP-1010

• Current maximum available solid angle is ~4.91 steradians.  
• Inferior limit of Oblique Axis to be extended in future software versions.

• 3 Trigeminal Neuralgia (TN) patients were treated on the Legacy Flat Table.  Since the Conformal Table upgrade, 21 TN patients have been treated.
• ZAP-X Treatment Planning software generates a planningbeamset.json file for a patient’s treatment plan that contains the gantry nodes available after removal of 

beams that violate the collision model.
• ZAP-X Path Checker software will render this file and generate an estimate of the remaining Solid Angle for the node set. 

Example available node set for TN plan on Flat Table (Node path 12):

Treatment node set displaying nodes kept by treatment planning optimizer         
(261 beams utilized of 377 available nodes):

Example available node set for TN plan on Conformal Table (Node path 12):

Treatment node set displaying nodes kept by treatment planning optimizer 
(210 beams utilized of 586 available nodes):

• When optimizing, we implement constraints to restrict beams from entering through the eyes which results in a slightly diminished solid angle for a treatment plan.

• The Conformal Table provides access to most of the currently available solid 
angle.  The current collision model is conservative near the shoulders such 
that beam nodes in the left and right lateral region are unavailable.  The full 
posterior region of beam nodes is now available.

• The improved beam geometry has also been seen to reduce the volume of the 
10Gy and 4Gy isodoses compared to plans using the Legacy Flat Table.

• Generally, fewer beams and a lower density node path can produce 
equivalent/improved plan quality for patients on the Conformal Table 
compared to the Legacy Flat Table.

• Our isocenter placement methodology is place isocenter such that the 20Gy 
line abuts the brainstem.  A 4mm collimator is used and the plan is normalized 
to 90Gy maximum point dose.  A 0.5mm dose grid is used for calculations.

• Low dose volumes are comparable to published Gamma Knife data, 
recognizing that the Gamma Knife prescribed to 80Gy maximum.1

• Published maximum brainstem dose tolerance point dose of 29.5Gy2 is easily 
respected on the ZAP-X platform.

• Our results compare favorably with published safe brainstem 0.1cc and 0.5cc 
doses (14.1Gy and 7.4Gy) achievable on Cyberknife.3
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# Beams Total MU
TPS estimated 
Delivery Time

Brainstem 
Max Point 
Dose (cGy)

Brainstem 
0.03cc Max 
Dose  (cGy)

Brainstem 
0.1cc Max 

Dose  (cGy)

Brainstem 
0.5cc Max 

Dose  (cGy)
V45Gy 

(cc)
V20Gy  

(cc)
V10Gy  

(cc)
V4Gy  

(cc)
Solid Angle 
(steradians)

Legacy Flat Table
Average 253 22600.73 0:39:21 3258.93 1689.67 1061.33 517 0.07 0.32 0.96 4.41 4.304
Std Dev 17.44 606.03 0:01:47 903.45 452.87 194.36 56.56 0.01 0.04 0.12 0.79 0.65
Conformal Table
Average 229 23136.62 0:39:47 2574.11 1405.29 943.29 485.43 0.08 0.32 0.91 4.12 4.727
Std Dev 22.85 664.27 0:01:04 609.56 208.68 106.06 41.46 0.00 0.01 0.05 0.44 0.11

Analysis49.2°
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DP-1010

		Patient ID		Name		# Beams		Total MU		Node Path		TPS estimated Delivery Time		Brainstem Max Point Dose (cGy)		Brainstem 0.03cc max dose  (cGy)		Brainstem 0.1cc Max Dose  (cGy)		Brainstem 0.5cc Max Dose  (cGy)		V45Gy (cc)		V20Gy  (cc)		V10Gy  (cc)		V4Gy  (cc)		* if Dose Zeroed in air		Solid angle reported by PathChecker for full PlanningBeamDataset in units of pi steradian (DP1010 theoretical max = 1.562)		Solid angle times pi()		Fraction of 4pi		?? Gradient Metric

		508679688		mendicino (Rt)		269		22123.36		17		0:40:29		1981.66		1323		927		513		0.08		0.31		0.9		5.01		*		1.52		4.7752208335		0.38

		509048967		broere		301		22216.42		17		0:42:07		3859.79		1710		1017		486		0.08		0.36		1.07		5.20				1.52		4.7752208335		0.38

		507411512		solomon		241		22903.62		17		0:40:23		2290.74		1422		927		486		0.08		0.31		0.85		3.72				1.53		4.80663676		0.3825

		508705442		Jones		234		23599.71		17		0:39:49		2167.65		1278		882		468		0.08		0.32		0.93		4.31				1.51		4.7438049069		0.3775

		508933678		mendenhall		235		22959.66		17		0:39:47		2284.9		1404		954		480		0.08		0.31		0.88		3.98		*		1.53		4.80663676		0.3825

		507227681		Gibbons		248		24461.03		17		0:41:53		2010.79		1233		864		459		0.08		0.31		0.87		3.83		*		1.51		4.7438049069		0.3775

		509165012		Neff		227		22606.29		14

Keener, Justin: Keener, Justin:
Not Optimized
		0:39:55		4061.35		1980		1206		549		0.08		0.32		0.88		3.69				1.48		4.6495571273		0.37

		508927450		long		210		24200.35		13		0:39:14		2946.79		1620		1089		563		0.08		0.33		1.01		4.88				1.55		4.8694686131		0.3875

		508679688		Mendicino (Lt)		210		22906.98		12		0:38:20		2498.71		1314		927		486		0.08		0.32		0.94		4.30		*		1.48		4.6495571273		0.37

		508536787		Greenberg		237		22640.97		13		0:39:18		2546.54		1314		927		504		0.08		0.3		0.83		3.60		*		1.52		4.7752208335		0.38

		508308150		Stemple		231		23400.66		11		0:39:56		3208.85		1638		1089		540		0.08		0.32		0.93		4.27				1.46		4.5867252742		0.365

		509232056		Todd		218		23524.9		10		0:39:38		2442.02		1386		972		495		0.08		0.31		0.87		3.81				1.53		4.80663676		0.3825

		508027005		Bow		213		22553.31		8		0:39:18		3086.99		1503		972		486		0.08		0.32		0.91		3.97				1.53		4.80663676		0.3825

		509257250		struckhoff		211		22763.99		9		0:38:13		1929.12		1242		900		504		0.08		0.32		0.93		4.20				1.46		4.5867252742		0.365

		508045217		coulter		210		22870.41		8		0:38:56		1976.39		1152		801		435		0.08		0.31		0.86		3.75		*		1.45		4.5553093477		0.3625

		507004568		vukovic		228		24094.49		8		0:41:11		2107.77		1260		846		437		0.08		0.31		0.88		3.74				1.56		4.9008845396		0.39

		509312271		fashaw		235		23541.82		9		0:40:37		1857.71		1125		756		392		0.08		0.32		0.91		3.90				1.5		4.7123889804		0.375

		507116743		Keirns		206		23140.78		8		0:38:48		2685.16		1278		837		423		0.08		0.34		0.95		4.00				1.53		4.80663676		0.3825

		507092762		Mccauley		220		24047.08		9		0:40:01		3035.35		1638		1071		518		0.08		0.32		0.95		4.17		*		1.47		4.6181412008		0.3675

		509485991		rios ortega		208		22507.79		9		0:38:27		2604.84		1341		918		477		0.08		0.32		0.92		4.12				1.52		4.7752208335		0.38

		509595596		williams		217		22805.31		9		0:38:58		2473.09		1350		927		495		0.08		0.32		0.92		4.11				1.44		4.5238934212		0.36





						# Beams		Total MU		Node Path		TPS estimated Delivery Time		Brainstem Max Point Dose (cGy)		Brainstem 0.03cc max dose  (cGy)		Brainstem 0.1cc Max Dose  (cGy)		Brainstem 0.5cc Max Dose  (cGy)		V45Gy (cc)		V20Gy  (cc)		V10Gy  (cc)		V4Gy  (cc)		V4Gy excluding plans with dose zeroed in air		Solid angle reported by PathChecker for full PlanningBeamDataset in units of pi steradian (DP1010 theoretical max = 1.562)		Solid angle times pi()		Fraction of 4pi

				Average		229		23136.6157142857		12		0:39:46		2574.1052380952		1405.2857142857		943.2857142857		485.4285714286		0.08		0.319047619		0.9138095238		4.1197619048		4.13		1.5047619048		4.7273489454		0.3761904762

				Std Dev		22.8451307722		664.268653299		3.6742346142		0:01:04		609.5598519392		208.6813702411		106.0557131215		41.4621169606		1.42205008407109E-17		0.0126114083		0.0544496272		0.4363097414		0.44		0.033855435		0.1063599857		0.0084638587

















































DP-1008

		Patient ID		Name		# Beams		Total MU		Node Path		TPS estimated Delivery Time		Brainstem Max Point Dose (cGy)		Brainstem 0.03cc max dose  (cGy)		Brainstem 0.1cc Max Dose  (cGy)		Brainstem 0.5cc Max Dose  (cGy)		V45Gy (cc)		V20Gy  (cc)		V10Gy  (cc)		V4Gy  (cc)		* if Dose Zeroed in air		Solid angle reported by PathChecker for full PlanningBeamDataset		Solid angle times pi()

		508167739		ball		261		23029.26		12		0:40:37		2239.1		1170		837		459		0.08		0.35		1.05		4.75				1.18		3.7070793312

		507308448		Utchenik Rx80Gy ReTx		265		19197.15

Keener, Justin: Keener, Justin:
80Gy Rx for ReTx		10		0:38:05		3959.08		2000		1168		520		0.06		0.28		0.82		3.5				1.34		4.2097341558

		508716942		hattaway		233		22172.2		15				3578.6		1899		1179		572		0.08		0.34		1.01		4.965				1.59		4.9951323192







						# Beams		Total MU		Node Path		TPS estimated Delivery Time		Brainstem Max Point Dose (cGy)		Brainstem 0.03cc max dose  (cGy)		Brainstem 0.1cc Max Dose  (cGy)		Brainstem 0.5cc Max Dose  (cGy)		V45Gy (cc)		V20Gy  (cc)		V10Gy  (cc)		V4Gy  (cc)				Solid angle reported by PathChecker for full PlanningBeamDataset		Solid angle (steradians)

				Legacy Flat Table

				Average		253		22600.73		12.3333333333		0:39:21		3258.9266666667		1689.6666666667		1061.3333333333		517		0.0733333333		0.3233333333		0.96		4.405				1.37		4.3039819354

				Std Dev		17.4355957742		606.0329378837		2.5166114784		0:01:47		903.4523120416		452.8690023984		194.3562021993		56.5597029695		0.0115470054		0.037859389		0.1228820573		0.7910910188				0.2066397832		0.6491780248

				Conformal Table

						# Beams		Total MU		Node Path		TPS estimated Delivery Time		Brainstem Max Point Dose (cGy)		Brainstem 0.03cc max dose  (cGy)		Brainstem 0.1cc Max Dose  (cGy)		Brainstem 0.5cc Max Dose  (cGy)		V45Gy (cc)		V20Gy  (cc)		V10Gy  (cc)		V4Gy  (cc)		V4Gy excluding plans with dose zeroed in air		Solid angle reported by PathChecker for full PlanningBeamDataset in units of pi steradian (DP1010 theoretical max = 1.562)		Solid angle times pi()

				Average		229		23136.6157142857		12		0.0276223545		2574.1052380952		1405.2857142857		943.2857142857		485.4285714286		0.08		0.319047619		0.9138095238		4.1197619048		4.1346428571		1.5047619048		4.7273489454

				Std Dev		22.8451307722		664.268653299		3.6742346142		0.0007436878		609.5598519392		208.6813702411		106.0557131215		41.4621169606		1.42205008407109E-17		0.0126114083		0.0544496272		0.4363097414		0.4360904294		0.033855435		0.1063599857
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						# Beams		Total MU		Node Path		TPS estimated Delivery Time		Brainstem Max Point Dose (cGy)		Brainstem 0.03cc Max Dose  (cGy)		Brainstem 0.1cc Max Dose  (cGy)		Brainstem 0.5cc Max Dose  (cGy)		V45Gy (cc)		V20Gy  (cc)		V10Gy  (cc)		V4Gy  (cc)				Solid angle reported by PathChecker for full PlanningBeamDataset		Solid Angle (steradians)

				Legacy Flat Table

				Average		253		22600.73		12.3333333333		0:39:21		3258.93		1689.67		1061.33		517		0.07		0.32		0.96		4.41				1.37		4.304

				Std Dev		17.44		606.03		2.52		0:01:47		903.45		452.87		194.36		56.56		0.01		0.04		0.12		0.79				0.21		0.65

				Conformal Table

						# Beams		Total MU		Node Path		TPS estimated Delivery Time		Brainstem Max Point Dose (cGy)		Brainstem 0.03cc max dose  (cGy)		Brainstem 0.1cc Max Dose  (cGy)		Brainstem 0.5cc Max Dose  (cGy)		V45Gy (cc)		V20Gy  (cc)		V10Gy  (cc)		V4Gy  (cc)		V4Gy excluding plans with dose zeroed in air		Solid angle reported by PathChecker for full PlanningBeamDataset in units of pi steradian (DP1010 theoretical max = 1.562)		Solid angle times pi()

				Average		229		23136.62		12		0:39:46		2574.11		1405.29		943.29		485.43		0.08		0.32		0.91		4.12		4.1346428571		1.5047619048		4.727

				Std Dev		22.85		664.27		3.67		0:01:04		609.56		208.68		106.06		41.46		0.00		0.01		0.05		0.44		0.44		0.03		0.11
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