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A full quantification studybetween GNPs' (15 nm) concentration and x-ray image contrast induction has been performed, over a wide range of solutions and energies, both at preclinical and clinical
level, and in planar and tomographicmode. Theminimum detectable concentration has been defined for eachmode and selected indicative concentrations have also been validated through in vivo
imaging.

Maritina	Rouchota1,2,	Sara	Neyt3,	Bert	Vandeghinste3,	Roel Van	Holen3,	George	C.	Kagadis1,	George	Loudos2,4,,5
1Department	 of 	Medical	 Physics,	 School	of 	Medicine,	 University	 of 	Patras,	Greece

2Bioemission	 Technology	 Solutions,	Alexandras 116,	11472,	Athens,	Greece
3Molecubes	 NV,	 Ghent	Belgium.

4National	 Center	 for	Scientif ic	 Research	 (NCSR) 	“Demokritos”,	 Institute	of 	Nuclear	 & Radiological	 Sciences	 &	 Technology,	 Energy	 &	 Safety,	 Patriarchou Grigoriou &	 Neapoleos,	 15310,	AghiaParaskevi -
Athens,	 Greece

5Technological	 Educational	 Institute	of 	Athens	(TEIA) ,	 Department	 of 	Biomedical	 Engineering,	 Ag.	 Spyridonos Street	 28,	12210,	Egaleo-Athens,	 Greece

Gold	nanoparticles	(GNPs)	are	already	recognized	as	a	promising	contrast	agent	in	planar	x-ray	and	Computed	Tomography	(CT)	imaging,	and	as	drug	carriers	for	targeted	therapy	[1].	In	both	
cases,	being	able	to	determine	the	allocation	of	the	GNPs	in	vivoand	defining	the	lowest,	detectable	solution	concentration,	is	of	crucial	importance	in	several	applications.	A	complete	
quantification	study	between	GNPs	solution	concentrations	and	x-ray	image	contrast	induction	has	been	performed	and	is	presented for	the	first	time.

INTRODUCTION

Conclusion

Planar x-ray imaging
The imaging studies showed th at for preclinic al pl anar imagin g,wher e an x-ray tube and a CMOSd etector wer eus ed at an S SD of 30 cm, concentrations as low as 2
mgAu/ mlw ere vis ible , i .e . pres enting a CNR > 5. The best C NR was found for 40 kVp, thus conf irming th eoptim al en ergy for x-ray i maging of GNPs at precl inica l
energies. For the clinical planar x-ray system, higher concentrations were required and solutions started being noticeable (CNR > 5) at around 5 mg Au/ml.

METHODS & MATERIALS
The	measurements	were	carried	out	on	four	x-ray	imaging	systems,	to	account	for	both	preclinical	and	clinical	energies	(30-140	kVp).	For	planar	imaging,	a	prototype	bench	top	system,	with	a	spatial	
resolution	of	0.1	mm	at	30	cm	source	to	surface	distance	(SSD)	was	used,	along	with	a	planar	medical	system	(Siemens).	For	CT imaging,	the	commercial	X-CUBE™	system	(Molecubes BE),	having	a	
spatial	resolution	of	0.05	mm	was	used,	along	with	a	medical	CT	system	(Lightspeed GE).	The	image	contrast	was	quantified	through	Contrast	to	Noise	Ratio	(CNR)	[2]	for	planar	imaging	and	through	
Hounsfield	Units	for	CT	imaging.	GNPs	samples	(AuroVist™	15	nm	Nanoprobes)	of	0.01-200	mg	GNPs/ml	were	studied.	Selected	concentrations	were	validated	through	in	vivo	imaging.

RESULTS & DISCUSSION

Clinical EnergiesPre-clinical Energies 

CT	 imaging	 greatly	 improved	 the	 detection	 sensitivity,	 as	expected	 [1] .	For	the	 clinical	 CT	system,	 solutions	of 	0.1	mg	 Au/ml induced	 contrast	values	 around	7	HUs	
and	became	 clearly	 evident	 at	2	- 5	mgAu/ml,	 presenting	 contrast	values	 of 	70	- 150	HUs.	The	 lowest	 detectable	 concentration	was	 found	through	the	X-CUBE™	
system,	 before	post	processing	 application.	 Concentrations	of 	0.1	mg/ml	 and	 of 	1	mg/ml	 produced	values	 of 	21HUs	and	of 	114	HUs,	 respectively.	 A	much	 greater	
sensitivity	 emerging	 from	a	wider	 range	 of 	HUs,	 allowed	 for	far	better	 discrimination	 of 	structures.

Computed Tomography
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In	vivo	imaging	studies
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Figure	 5:	Pre	and	 post	contrast	images	 of 	
a	 mouse	 that	was	injected	 with	200	µL	of 	
50	mg/mL	 solution	(corresponding	to	10	
mg	 of 	Au	in	the	mouse	 circulation,	 i.e.	
6.7	mg/mL),	 acquired	 at	40	kV.	 The	 heart	
and	vessels	 can	 be	clearly	 seen	 without	
post	processing.	 A	 volume	 of 	1.5	mL	of 	
blood	has	been	 assumed.

Figure	 6:	Bone	segmentation	 image	 of 	a	
mouse	 injected	 with		200uL	of 	20	mg/mL	
solution	(corresponding	to	4	mg	 of 	Au	in	
the	mouse	 circulation,	 i.e.	 2.7	mg/mL),	
acquired	 at	 40	kV.	 Vessels	 start	to	appear	
after	 post	processing.

Figure	 7:	Bone	segmentation	 image	 of 	a	
mouse	 injected	 with		200uL	of 	50	mg/mL	
solution	(corresponding	to	10	mg	of 	Au	
in	the	 mouse	 circulation,	 i.e.	 6.7	mg/mL),	
acquired	 at	 40	kV.	 The	 heart	 and	vessels	
can	 be	clearly	 distinguished.

Figure	 8:	Bone	segmentation	 image	 of 	a	
mouse	 injected	 with		200uL	of 	200	
mg/mL	 solution	(corresponding	to	40	mg	
of 	Au	in	the	mouse	 circulation,	 i.e.	 27	
mg/mL),	 acquired	 at	40	kV.	 Even	 minor	
vessels	 are	 very	 clearly	 distinguished.

In	vivo	 imaging	 studies	were	 performed	with	the	X-CUBE™	system	 at	various	
energies	 with	selected	 concentrations.	 The	 optimal	 imaging	 energy	 (optimal	
contrast) 	is	showing	in	 the	following	examples.

Figure	 3:	The	 phantom	used	 for	preclinical	 CT	imaging	 with	X-CUBE™	and	the	
corresponding	Hus	 ± SD	 for	all	tested	 	concentrations.	 A	 concentration	of 	1	mg	
Au/ml	 produces	a	 contrast	of 	114	HUs.

Figure	 4:	The	 phantom	used	 for	clinical	 CT	 imaging	 with	Lightspeed GE	 and	
the	corresponding	 HUs	 ± SD	 for	tested		concentrations.	 2mg/ml	 produce	a	
contrast	of 	70HUs,	starting	 to	be	 noticeable.	 Some	 artifacts	 and	 a	 plateau	
are	 also	 evident	 at	very	 high	concentrations	 of 	gold	and	iodine.

Figure	 1:	Quantif ication	 between	 GNPs	concentration	 and	x-ray	 contrast	was	
based	 on	phantom	imaging	 studies.	 An	example	 for	the	preclinical	 planar	 x-ray	
and	four	dif ferent	energies	 is	 shown.	

Figure	 2:	The	 quantif ication	 between	 GNPs	 concentration	and	 x-ray	contrast	for	
a	 clinical	 radiographic	 system.	 The	 contrast	induced	 by	the	 tested	
concentrations	 for	three	indicative	 energies	 is	shown.


