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Methods	&	Materials	

•  Descrip*ve,	retrospec*ve	study.		

•  Dual-source,	dual-energy	CT	(DECT)	studies	
performed	at	our	ins*tu*on	over	the	last	two	years	
were	reviewed.	

•  Case	examples	of	the	common	post-processing	
algorithms	and	their	clinical	applica*on	in	pediatric	
pa*ents	are	presented.	



DECT	Protocol		

•  Dual-source	energy:	80kV	and	
Sn-140	kV	(Sn	indicates	*n	
pre-filtra*on)	

•  Collima*on:	128	×	0.6	mm	

•  Pitch:	1.2	
•  Rota*on	*me	:	0.28	seconds	

•  Each	tube	produce	polychroma*c	
spectra	from	Bremsstrahlung	effect		

•  Tin	filter	eliminates	low-energy	quanta,	
improving	spectra	separa*on	

From:	Johnson	TRC.	Physics	of	Dual	Energy	CT.	



Scan	Parameters:	DECT	vs	SECT	

Table	used	with	permission.	Siegel	MJ	et	al.	AJR.	2016.	



Radia*on	Exposure	of	DECT	

•  DECT	has	been	shown	to	be	dose	neutral	to	SECT	in	
children	

•  Selec*ve	Photon	Shield	(Sn	filter)	blocks	low-energy	
photons	from	the	high-energy	source	and	prevents	
unnecessary	exposure		

Median	SSDE	

DECT	 5.9	mGy	

SECT	 7.7	mGy	

Size-Specific	Dose	Es*mate	(SSDE)	in	79	children,	DECT	vs	SECT	

11.2%	reduc;on	in	radia*on	exposure	with	DECT	(p	<	0.01)	

Data	used	with	permission.	Siegel	MJ	et	al.	AJR.	2016.	



Workflow	

•  Each	acquisi*on	produces	3	datasets:	
–  80	kV	(rela*vely	more	contrast	and	more	noise)	
–  Sn-140	kV	(rela*vely	less	contrast	and	less	noise)	
–  Blended	dataset	(default	ra*o:	0.5,	or	50%	contribu*on	
from	each	source;	can	use	any	ra*o	from	0.3	to	0.7)	

•  The	default	blended	dataset	has	an	appearance	similar	
to	tradi*onal	120	kVp	SECT	images	

•  Any	or	all	of	the	datasets	may	sent	to	the	PACS	
according	to	radiologist	preference	



Workflow	

•  Addi*onal	post-processing	is	performed	on	a	
separate	thin-client	worksta*on	depending	on	
the	clinical	indica*on	
– For	example,	monoenerge*c	or	material-specific	
images	

•  These	images	are	then	also	sent	to	the	PACS	



DECT	Post-processing	Op*ons	

•  Virtual	Monoenerge;c	(VM)	Images:		VM	reconstruc*ons	
enable	genera*on	of	an	image	with	a	single	keV	(40-190	
keV)	
–  Low	keV	images	improve	iodine	contrast		due	to	increased	

photoelectric	absorp*on.		The	k-edge	of	iodine	is	33.2	keV.		
–  High	keV	images	improve	metal	ar*fact	by	reducing	beam	

hardening	(“streak”)	effects	

•  Material-selec;ve	Images	
–  Virtual	Noncontrast	
–  Lung	Perfusion	
–  Urinary	Tract	Stone	Characteriza*on	
–  Automated	Bone	Subtrac*on	



Virtual	Monoenerge*c	(VM)	Images	

19-month-old	male	post	liver	transplant,	with	high	grade	stenosis	of	the	main	portal	vein	at	the	
anastomosis	(yellow	arrow).	Low	keV	image	(40	keV)	provides	high	contrast	and	high	noise.	High	keV	
image	(140	keV)	offers	a	beler	noise	profile,	but	compromises	contrast.	Intermediate	energy	images	
(60	keV,	80	keV)	balance	the	contrast	and	noise.	

40	keV	 60	keV	

140	keV	80	keV	



Low	Energy	VM	Images	

17-year-old	female	with	metasta*c	osteosarcoma.	The	lem	inferior	pulmonary	vein	thrombus	
is	beler	seen	on	the	low	energy	VM	image	(yellow	arrow).	

70	keV	120	kVp	



High	Energy	VM	Images	

120	kVp	 140	keV	

14	year	old	male	with	scoliosis	status	post	instrumented	posterior	spinal	fusion,	
presents	with	weakness.	CT	myelogram	was	performed.	There	is	severe	metal	ar*fact	
with	120	kVp	images,	which	improved	on	140	keV	VM	images.	The	spinal	cord	is	
beler	delineated	on	VM	images.		SSD	reconstruc*on	shows	the	hardware	is	intact.	



High	Energy	VM	Images	

17-year-old	male	with	Fontan-associated	liver	disease	being	evaluated	prior	to	heart	transplant.	The	
pa*ent	has	spine	instrumenta*on	causing	substan*al	streak	ar*fact	that	obscures	the	liver,	even	on	the	
140	kVp	image.	High	energy	VM	images		(140	keV)	reduce	the	metal	ar*fact	and	improves	visualiza*on	
of	the	liver,	which	showed	no	arterially-enhancing	focal	lesion.	

140	keV	140	kVp	



Material-selec*ve	Images		

•  Materials	have	unique	alenua*on	profiles	at	
different	energy	levels	according	to	their	linear	
alenua*on	coefficient	
– Virtual	Noncontrast	Images	(VNC;	remove	iodine	
or	demonstrate	Ca++)	

–  Iodine	Images	(Lung	Perfusion,	Iodine	Mapping)	
– Urinary	Tract	Stone	Characteriza*on	
– Automated	Bone	Removal	
– Simple	crea*on	of	high	quality	3D	reconstruc*ons	



VNC	

7-year-old	male	with	adrenal	leukodystrophy,	status	post	stem	cell	transplant	complicated	by	
bowel	gram-versus-host	disease	and	dropping	hematocrit.	On	the	blended	image,	there	is	an	
intraluminal	mass	in	the	jejunum	(arrow).	The	VNC	image	demonstrates	that	the	mass	is	
hyperdense	and	the	iodine	map	confirms	no	enhancement,	consistent	with	a	hematoma.	

Iodine	Map	

VNC:	Remove	Iodine	

Blend	(r=0.6)	



14	min	delay	

13-year-old	male	with	a	calyceal	diver*culum	and	stone.	It	is	difficult	to	evaluate	renal	stone	on	
CT	with	contrast	.	Excretory	phase	image	shows	the	cys*c	area	communica*ng	with	pelvicalyceal	
system.	VNC	image	confirms	renal	stone	in	the	calyceal	diver*culum	(arrow).	VNC	obviates	need	
for	addi*onal	noncontrast	image	acquisi*on.		

VNC	

VNC:	Demonstrate	Ca++	

80	kVp	



Lung	Perfusion	
15	year	old	female	with	
right	upper	quadrant	pain.		
•  PE	protocol	

demonstrates	
pulmonary	embolism	
within	the	right	
interlobar	artery	
(arrow).		

•  Lung	perfusion	images	
demonstrate	decreased	
pulmonary	blood	
volume	of	the	right	
middle	lobe	and	lower	
lobe.		

•  In	addi*on,	there	is	
decreased	perfusion	to	
the	lem	upper	lobe.	On	
further	review,	there	is	a	
small	embolus	in	the	lem	
upper	lobar	artery.	



Iodine	Map	Perfusion	Image	

3-year-old	female	with	right	pleuropulmonary	blastoma,	status	post	right	
pneumonectomy.	There	is	no	perfusion	in	the	right	lung	status	post	pneumonectomy.	
There	is	iodine	material	in	the	thickened	som	*ssue	in	the	periphery	of	right	chest,	
consistent	with	recurrent	tumor	(arrow).		

Iodine	Mapping	

80	kVp	



Urinary	Tract	Stone	Characteriza*on	

Uric	acid	stones	can	be	treated	conserva*vely	with	
alkaliza*on	of	urine.	However,	calcium	stones	need	
to	be	removed	or	broken	into	small	pieces.	
– Uric	acid	stones:	increased	photon	alenua*on	at	140	
keV	because	the	alenua*on	is	driven	primarily	by	
Compton	scaler	(due	to	lighter	element	chemical	
composi*on)	

– Non-uric	acid	stones:	increased	alenua*on	at	80	keV	
due	to	increased	photoelectric	effect	contribu*on	
from	the	heavier	elements	nearing	the	k-edge	of	
calcium	(4	keV)	



Renal	stone	characteriza*on	

19-year-old	female	with	cys*c	fibrosis	and	a	renal	stone.	Ra*o	of	low	
to	high	energy	alenua*on	is	1.7,	highly	sugges*ve	of	a	calcium	stone	
(color	coded	as	blue	by	default).	



Renal	stone	characteriza*on	

14-year-old	female	with	nephrolithiasis.	Ra*o	of	low	to	high	energy	
alenua*on	is	above	1.6,	highly	sugges*ve	of	a	calcium	stone.	



Automated	Bone	Subtrac*on	

•  Dual	energy	Subtrac*on	
– Material	differen*a*on	of	iodinated	contrast	and	
calcium	

– Based	on	the	characteris*c	alenua*on	behavior	
of	iodine	and	calcified	bone	at	high	and	low	
photon	energies	

•  Tradi*onal	CT	Subtrac*on	
– Threshold	based	segmenta*on	



Automated	Bone	
Subtrac*on	

6-year-old	boy	with	sledding	injury.		
•  Skull	base	fracture	involving	the	

right	greater	sphenoid	wing	
extending	into	the	petrous	
por*on	of	the	right	internal	
caro*d	canal.	

•  CTA	was	performed	to	evaluate	
vessel	integrity.	Visualiza*on	of	
petrous	por*on	of	the	ICA	is	
challenging	due	to	complex	bony	
structure	of	skull	base.	

•  Automated	bone	subtrac*on	
improves	visualiza*on	of	the	
vessel.	There	is	narrowing	of	the	
petrous	por*on	of	the	right	
internal	caro*d	artery	at	the	level	
of	the	fracture,	likely	arterial	
vasospasm.	



CTA	with	Automated	Bone	Subtrac*on	

13-year-old	female	with	Takayasu	arteri*s	and	middle	aor*c	syndrome	status	post	
balloon	dila*on	and	stent.		There	is	stent	fracture	and	focal	outpouching	through	the	
stent	gap	on	the	lem.	VRT	3D	reconstruc*on	with	bone	removal	beler	visualizes	the	
fracture	and	the	aneurysm	(posterior	view).		



“Easy”	3D	Reconstruc*ons	

12	year	old	male	with	cys*c	fibrosis	and	recent	coli*s;	normal	CT	angiogram	of	the	abdominal	
aorta.	Surface-shaded	volume	rendered	3D	reconstruc*ons	are	simple	to	create	with	DECT	
datasets	with	varying	levels	of	opacity	in	nonvascular	structures	or	complete	bone	removal	
(right,	MIP	image).	



Conclusion	

DECT	provides	“mul*ple	studies	in	one”	and	can	
improve	diagnosis	and	characteriza*on	of	
diseases	in	the	pediatric	popula*on	without	
addi;onal	radia;on	exposure		
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