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(4 1), FERMiEEERNIE 330 3V THD, LB
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2007 4 9 A~ 2008 4 3 BRIz, KBIRE D
W AEL L CIES CT LREBIIR AT 5 54
TOBIEGIDI B, WL T EC LB A
A7 48 HE % G b L7 (34 36 91, 4otk 12
91, PHGAERG 70 #2) o TIGHETE 61kg (35 ~ 86kg)-

1 DSCT® 1—<

DSCT 2 X S e B Y AF 44548l BH.ULAYH
ZIARTIHERESNTWwAS. X BEIXFELZA o
LD SRS,
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*l M. Higashi. Y. Hori. T. Nakazawa. S. Kanzaki. T. Fukuda. N. Yamada, K. Uotani. K. Kiso. H. Naito [F3Z
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BAOGER. I-FERAICHTATLVE — Eo

INTOAW I EEEE L, oS Rl ). o8Ik
IS RAMA I EINT OB E. OB E P13 R
U7z, Bk CT (S TIER @B IRE T B =475
3 IR S22 TRV G M FIST, AWFSEIL 6
MR RO KBERZ-

fENIL7- CT 2. 2 BRI IK I 64 A5 4 A
CT (SOMATOM Definition. Siemens)- i &)
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2 TEERHBELS CT ICTEShATBERE
BREERD ="k tiEf% (volume rendering)

1 R OGO, RENIRINS ORI T
. FOWBRIZ, TWIE Sz JERNIThaz L 7=,

R CT % 2 WA o g5 CT o P2 w47
W, Lo CT #eAe. 1 M oss 2 A1 AT )
Wk CT. N9l CT sz L7z (M 2). @Bk CT
D 2P, G BYIRAE L XN B RBTIWM DO AT
AAD 2em AL, LEAEENLHSIEHMOA
FAAD 2cm EMFTELA:. BT 32 X 0.6mm.
x-flving focal spot {Z&D AT A AT 64 x 0.6mm
b AN — @iz X 033 £, R

BRARIES4ER  Vol. 54 No. 1 2009

—100—
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=

N—ERENRSEL
IFIA-NXTL-ETHEES
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ZABEAN C GEAEE) x GEARR)
E—48:(0.06mli/kg - sec) x (BEFE CT BB+ 6 7)
GEAZEE - min 3ml/sec, max 5ml/sec)
48 (0.03mi/kg - sec) x (RIRESE CT iSRS+ 5 )
GEAEE : min 1.5ml/sec, max 2.5ml/sec)
#IBLAEEREISK 0.03mi/ke, sec 25ml
bolus tracking i : LT XEHBR CT {& > B# CT + 100H.U.

(& 120k V. L 380mAs/rotations E—2LE>
FILBEH OB AR A L E R THY, 5O
TIEKERD (02 ~05), 4, =tar)k >
DT TG ETo7ze CT Wisg D7z @ B Wr 3§
(I L% 7z

VIR BT 2 52/l o 4 1] 3 2 7R
T o aEHANE, A A28IF =)V 370mgl/ml 72134
FAFY = 350mgl/ml AL, ZHIEAELE
AR KIZEABMLELZ. —HIHOE: AME
(%, 0.06ml/kg - sec ( f X 3ml/sec, #x # 5ml/
sec). (EANEINE IR CT Oz B 6 7
TMAZZRERE L7z ZHIHOEEAEEEL, 0.03ml/
kg -sec (i K 1.5ml/sec. i 25ml/sec), 2 F
D — A DN 5 0 AL, 1 AR, W
CT DU I 5 R 7o fE L7z,

Pz HIR DY 432714 bolus tracking 2L
EL7ze AT KEIRICP.C g e E L, B,
HHECT 794 100H.U. BL L& L7=

W f% P HE B 1, FOV =20cm, X 7 4 A JE
= 0.6mm. PR PR = 0.3mm, FHHER B $= B26f
Tlrorze FHERCGIFHIO YL, F3°, ARIEIC
FERE SN TOLRGE PR, folGRE2mil 55
B, 7—F777MIED. SWICH (%
P E S W EHIBT LB A1k, = =2 7MIT,
VBRI 3 kg £ = A s

J—7 A7 —>3a> (ZIOSTATION, ZIOSOFT)
[T, MIP. CPR ZfE L7z N L5mm Ll Lo
EEIIRICH LT, AHA 5Bl Lb 7 AT,
A BEPREOAT DB eI HEL. &
YIRS AT DOIIEFNI S L TIE, 50%% 25
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PAEDH WAL, TEBNRE O L L 12
Br =R

I TR Z AT CEz, P390
B, 5 64 Il (43 ~ 107 lil) o @Ik CT Ok
WCIEENE, 91 B 47~ 134 ). iRl
AN, 9 91ml (66 ~ 144ml) E%eo7z,

607 7 A b 571 7 XTI T e TH o7z
FHIASTENX 36 27 A (59%) Tdh-orze A
TEDIRINIL, E—2asT—F 777522 €7 AV,
AIKALDSS BT AV, ATFUME9 LT AN TH o720

IBHEFNIB T, dEIR CT IS TIEHEE) ke
ZHL, BEIREZIZIThARro7 (’3). 356
W CEIIREZE B L7z, 409 £ A2 M 391 &
TAYMIBWT, HREOHF WA —FL: (K4, 5).
RRJE 86%. JFYLEE 97%. L7565 96%, Mithy-il=
(positive predictive value. PPV) 76%., & 7
ll# (negative predictive value. NPV) 98%& 7~

71‘ (i% 2)0

®2 &R
CAG
CT
zL )
Bl 354 6
) 12 37

BE=86%, IFEE=97%, [E&E=96%
BT EIZE=76%, BETFAIE=98%
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X3 TWERKCT, MIP &
A, B gk CT (T, IEfEEIRE FIEr 2L, dB)ikiE s

0 =

2 NFAFA4 A CT 272k CT (£, 4 5o
G S M XN T0D, ZOYREDPS, B FFREL
EPE IS (NPV) ZiLTwic, 2F), A5

PRz DR BIIRE AT TR AE LR LEBITL.

CT THEPRENLZVEEIL, JIRHIHE

EAULR
R

FAEFITH WLV A. Ll '—YarT—

1z B

it

2 rTvAd i

LThiFunTuvrs (43)
CT D EAIZID.

I 46 [l

5 1) 70

fist HE.

EL. kg o sl dh .

HEZ.

l'l'%('l’)
u/ﬂl””}bﬁ ﬂK F’i‘éf@ﬂﬁlkw)ot,
7.12‘2%’%%’50)15&@’?. 7N =DM EREE 2 W55

lnkJ” 3 _J‘

+LT

e

2l

24

l’/

F 777 MR TIKALC DB R CE WA S WL, VDB o7z-
$e72 % BIGEM USRS HEAS L i 2 W S AR s —7J5. DSCT BV TlE, TXToOLMEUHL
=3 TEER CT DIEHEE, KBTI MIREDIRE
SHEET A8 BE $BE2E NPV
4 & ME %

HEME gy BEE g ) @)

Nieman et al® 4-MSCT = 2.0mm 70 =50% 82 93 97

Achenbach et al® 4-MSCT =2.0mm 68 =70% 91 84 98

Nieman et al’ 16-MSCT = 2.0mm 93 > 50% 95 86 97

Achenbach et al®)  16-MSCT = 1.5mm 96 > 50% 94 96 99

Ropers et al® 64-MSCT > 1.5mm 96 > 50% 93 97 100

Scheffel et al* DSCT >15mm 986 >50% 964 975 994

AHE DSCT = 1.5mm 94 > 50% 86 97 98

NPV : negative predictive value
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WEINTWLS . Ziud, EEBREA-D % WHERT
. BETERVE L PEFREDIIG A
b. CT TILE# & 3 eBhIRoS AV 212 ] i

PEASENC 28D, GBI TF AL 5niE ATl

R RBER ORI CERORFIG) & %
DRAIND CEAOMGE) iEREE56. 1
FHED)IHWEEZLGNLENHTHS. LaL.
FEBRIN £ A SE BN AT IRAL DS D] EPEASES
{. CT THMEZEH T REIEA E VW ETBIh
% GBI LCBETEOLSC, wHlk CT 12kb
EEE DM TELOTHIUL, EHIR CT @
TR WEE XD,

B & H

DSCT #Mw5E8) Ik CTA #47v>, )RS %
LDOWEEL:. PEMELERTLIILOLVEN
FC. BBty AL M WU% Tholze B
WREEA S 5 BERPEF DS Do (98%) 0

z ﬁ....... ..................................................
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Summary

Coronary CT angiography with dual-source CT

The purpose of this study was to assess the diagnostic
accuracy of dual-source computed tomography (DSCT)
for evaluation of coronary artery disease (CAD).
DSCT has high temporal resolution (83msec in any RR
interval) . DSCT-CAG was performed in consecutive
pre-operative 48 patients with aortic aneurysm or dis-
section. Assessable segments were 571 of 607 (94%) .
DSCT-CAG was compared with conventional CAG in
35 patients. Segment based sensitivity. specificity,
positive and negative predictive value for evaluating
CAD were 86%. 97%. 76%. and 98%. respectively.

Masahiro Higashi et al

Department of Radiology
National Cardiovascular Center
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Abstract Dual encrgy CT can be
applicd to bonc climination for cere-
bral CT angiography (CTA). The aim
of this study was to comparc the
results of dual energy dircct bone
removal CTA (DE-BR-CTA). To
thosc of DSA. Twelve patients with
intracranial ancurysms and/or ICA
stenosis were performed on a dual-
source CT in dual cnergy mode. A
post-processing software selectively
remove bone structures using the two
energy data sets. 3D-images with and
without bonc removal were reviewed
and compared to DSA. Dual cnergy

Introduction

bone removal was successful in all
patients. For 10 patients. bone re-
moval was good and CTA MIP images
could be used for vessel evaluation.
For 2 patients. bone removal was
modecrate with some bone remnants
but this did not disturb the 3D visu-
alization. Three ancurysms adjacent o
the 'skull base were only partially
visible in conventional CTA but were
fully visible in DE-BR-CTA. In 5
paticnts with ICA stenosis. DE-BR-
CTA revealed the stenotic Iesions on
the MIP images. The correlation
between DSA and DE-BR-CTA was
good (R*=0.822). but DE-BR-CTA
lead to an overestimation of stenosis.
DE-BR-CTA is able to eliminate bone
structure using only a single CT data
acquisition and is useful to cvaluatc
intracranial ancurysms and stenosis.

Keyword Cerebral CTA -
Dual-cnergy CT - Dual-source CT -
Bone climination - Brain

Cercbral computed tomography angiography (CTA) has
become a powerful. noninvasive diagnostic tool for
cvaluating cerebrovascular disease [1-3]. However. sin-
gle-source CTA still has drawbacks compared to digital
subtraction angiography (DSA). in particular for the
cvaluation of arterics with calcified plaque or vesscls
located next to the skull bone. as these vasculatures cannot

be unambiguously distinguished from surrounding bony or
calcified structures. This problem can be solved by
applying subtracting CTA to a noncontrast and a contrast
CT data sct to climinate bones [4-8]. Dual-source. dual-
energy CT has the potential to distinguish iodine from bone
or calcifications using the attenuation difference between
the two cnergies [9].

Here. we cvaluated the performance of dual-cnergy
direct bone removal CTA (DE-BR-CTA) for diagnosing
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brain ancurysms. internal carotid artery (ICA) stenosis. or
both. We also compared the DE-BR-CTA findings with
those of DSA.

Materials and methods
Subjects

This study was performed after obtaining approval of the
local institutional review board. Written informed consent
was obtained from all patients. We prospectively selected
12 patients (7 male. 5 female: 36-78 years. mean 64
years) who underwent both DE-BR-CTA and DSA within

30 days ol cach other. Nine patients were suspected of

intracranial unruptured ancurysms with MR angiography.
Five patients were suspected of ICA stenosis. Of these
five. three patients had a stroke and in two patients the
asymptomatic stenosis was found during the cvaluation
for ancurysm.

CTA protocol

CTA was performed using a dual-source CT system
(SOMATOM Definition. Siemens. Germany). CT para-
meters in the dual-energy mode were 140 and 80 kV wbe
mAs. respectively. 0.5-s

voltage. 80 and 360 effective

o

Fig. 1 Right ICA large ancu-
rvsm ol a 73-vear-old female
patient. MIP images of DE-BR-
CTA (a. ¢) delineate the general
shape and conliguration ol an-
ceurysm as well as DSA (d). VR
image of conventional CTA (b)
did not show the caudal side ol
ancurysm with bone

rotation time. 64 <0.6-mm collimation with z-{lying local
spot. and a pitch of 0.6. The 140 and 80 kV images (dual-
energy images) were reconstructed separately in sections
that were (.75 mm wide at 0.3 mm increments using a D30
kernel for a field of view of 180 mm. Contrast material
(330 mg I'ml) was injected for 20 s via the antecubital vein.
followed by a 25 ml saline [Tush. Injection rate and dose
depended on the patient’s weight: 3.0 ml's. 60 cc for
patients weighing less than 60 kg: 3.5 mls. 70 cc
for patients weighing less than 70 kg: and 4 ml/s. 80 cc
for those over 70 kg. The delay time of the CT data
acquisition after the injection was determined using a bolus
tracking software at the basilar artery or I[CA.

DSA was performed using a biplane DSA unit with
rotational 3D DSA (INTEGRIS BV3000, Philips Health-
care. Best. Netherland).

Image processing and analysis

The dual-energy images were transferred to a workstation
(Multi Modality Workplace: Siemens Medical Solutions.
Germany). and the prototype of a commercial software
(Syngo 2008G) was used to create a DE-BR-CTA (rom
which the bone voxels had been removed (“head bone
removal™ application). The combined images ol both
energy data were reconstructed and used for diagnostic
reading (conventional CTA).
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Fig. 2 Leli MCA caleilied an-
curvsm and bikateral 1CA ste-
nosis with hard plague in a
T7-year-old female patient. MIP
image of DE-BR-CTA (a) re-
moved the caleifications of ICA
and ancurysm and revealed the
same ancurysm shape as with
DSA (bh). However. the DE-BR-
CTA () shows a short defeet at
the severe stenotic site at [CA
terminal {arrow). CTA source
images (¢) show dense calcifi-
cations around the whole cir-
cumference of the ICA and
anterior wall ol the left MCA
ancurysm (arrowheads). VR
image of conyentional CTA (d)
showed the dense calcilication
at bilateral 1CA and ancurysms.
but failed 1o reveal details

Two neuroradiologists blinded to all clinical information
independently reviewed the DE-BR-CTA in maximum-
intensity projection (MIP) and the conventional CTA in
volume-rendering (VR) technique on a 3D workstation.
Disagreements regarding final conclusions were resolved
by consensus.

The quality of the dual-energy bone removal was rated
according to a four-point scale. “Excellent™ was defined as
clearly visible vasculature and no bone remnants. “good”
as discernable vasculature and containing only tiny bone
remnants. “moderate™ as containing larger bone remnants
that did not however disturb the vessel visualization. and

Fig. 3 Right vertebral artery fusiform ancuryvsm with calcification
in a S5-yvear-old male patient. MIP image of DE-BR-CTA (a)
removed the caleification ol ancurysm and revealed the distal-end

stenosis (arrowhead) of the ancurysm as with DSA (b). VR image
ol conventional CTA (¢) showed the calcification (arrow). but the
stenosis is hard to see
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“poor” as including large bone remmnants or artilacts
covering parts of the vessels.

Further. the visibility of the ophthalmic artery in DE-
BR-CTA was rated according to a four-point scale.
“Lxcellent™ was defined as the ophthalmic artery being
visible from the origin to the intra-orbital portion.
“uood™ as one artery being visible and the other with
only the origin or other short segments being detected.

“poor” as the long scgment of the ophthahnic artery
being detected. and “not visible™ as the ophthalmic

artery not being discernable at all.

For the evaluation ol ancurysm. conventional CTA and
DE-BR-CTA were compared for the detection and
delineation ol ancurysms and compared to the DSA results.

For the evaluation of ICA stenosis. the DE-BR-CTA and
DSA were compared and the degree of stenosis was
calculated using the Warfarin-Aspirin Symptomatic Intra-
cranial Discase Study method [10]. which is the ratio of the
diameter of the maximum stenotic site to the diameter of
the proximal normal ICA.

Kappa statistics were used to assess interobserver
rehiability. Kappa values above 0 were considered (0
indicate positive agreement: less than 0.4. positive but poor
agreement: 0.41-0.75. good agreement: and more than
0.75. excellent agreement.

Results

Dual-energy bone removal was successful in all patients
and the post-processing of DE-BR-CTA took an average of
53 s. excluding data transfer and saving time. The quality

o

i

#

|-l S
Fig. 4 Right ICA scvere stenosis of a 67-year-old female patient.
C2 portion ol TCA had severe stenosis (arrovhead) demonstrated by
DE-BR-CTA (a) and DSA (b). The ophthalmic artery is not
visualized by DE-BR-CTA or by DSA. CTA source images (¢) show
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Fig. 5 Scaucerplots illustrate pereentages of carotid artery stenosis at
DE-BR-CTA versus DSA. Good correlation was noted between the
two methods (R7=0.822). but the stenosis diagnosed by CTA was
higher than that by DSA for most cases

of dual-energy bone removal was rated “excellent™ for two
of the patients, “good™ for cight patients. and “modcrate™
for two patients.

Of the 24 ophthalmic arterics. the visibility of 7 was rated
“excellent.” 14 were rated “good.™ I was rated “poor.” and 2
arteries were rated *not visible.” The two ophthalmic arteries
that were not visible in DE-BR-CTA were found by DSA (0
be occluded. Interobserver reliability between two readers
was good for quality of bone removal (k=0.60) and visibility
of ophthalmic arteries (k=0.65).

Ancurysms were located in the vertebral artery (two
patients). basilar artery (one patient). ICA (two patients).

Ll

dense calcifications around the whole circumierence of the right
ICA. and these caleilications were removed alfter DE bone-removal
post-processing (d)
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middle cerebral artery (MCA: three patients) and anterior
communicating artery (ACOM: onc patient).

Three ancurysms (two [CA and one MCA) adjacent to
the skull base were only partially visible in conventional
CTA but were fully visible in DE-BR-CTA (Fig. 1). For
three ancurysms with calcifications [two MCA and one
vertebral antery (VA)]. the calcifications were removed by
the head bone removal applications. and the intraluminal
shape of the ancurysms was visualized preciscly with
results confirmed by DSA (Figs. 2. 3).

In five patients with ICA stenosis by calcification at the
intercavernous or paraclinoid portion. the cight stenotic
lesions were not visible in conventional CTA. However.
after bone removal post-processing with dual cnergy. all
stenotic lesions became clearly visible on the MIP images
(Figs. 2. 4). The agreement of percent stenosis for the two
methods is represented in the scatterplots shown in Fig. 5.
The correlation between DSA and CTA was good (R*=
0.822). and the majority of discordant points were above
the line of corrclation. indicating an overestimation of
stenosis found on DE-BR-CTA compared to DSA.

Our study shows that bone removal brain CTA using dual-
cnergy data was uscful to evaluate ancurysms and ICA
stenosis with a short calculating time. and the results with
DE-BR-CTA were comparable to those with DSA.

Dual-energy CT was developed during the late 1970s
for tissue characterization using single-source. single-
slice CT [ll. 12] and mainly applicd for bone
densitometries [13. 14]. However. the limitation of CT
hardware and softwarc technology hampered expansion
to further clinical applications [15].

Dual-source CT with dual-cnergy mode can acquirc two
different encrgy data into a single acquisition. Dual-cnergy
CT imaging makes it possible to differentiate between
certain materials, since X-ray absorption is material
specific and dependent on the energy of the X-rays.
Dual-cnergy CT for tissuc characterization was reported for
urinary stone dilfcrentiation [16—-18]. visualization of the
knce ligament [19]. and differentiation of iodine from bone
and calcilication [9].

Multi-slice CTA has a high scnsitivity and specificity for
the detection of intracranial ancurysm [1. 20].

Subtraction methods for bone removal in cerebral CTA
have been reported for the cvaluation of skull base
ancurysm or extracranial ICA. such as simple subtraction
from cnhanced data to noncontrast data [4. 21]. More
recently, selective bone removal or “matched mask bone
climination™ have been widely used for bone-subtraction
CTA where the bonc mask image as well as the 3D
registration to the enhanced CT acquisition were deter-
mined by a low-dose unenhanced CT acquisition [6-8].

In our study. DE-BR-CTA removed the bone structures
very well. and the three aneurysms adjacent to the skull
base were fully visible from all directions. in contrast to the
partial view in conventional CTA.

Calcification of the ancurysmal wall makes surgical
clipping difficult. so this information was important for
deciding treatment strategies [22]. Conventional CTA
images revealed caleifications but neither VR nor MIP
images allowed a precise cvaluation of the intraluminal
ancurysmal shape. By comparison. the geometry of
intraluminal ancurysms was clearly visible on DSA. yet
calcifications could not be displayed. We found that
caleifications of three ancurysms were removed by dual-
energy bone removal. therefore the wall and luminal
information of the ancurysms could be analyzed with both
DE-BR-CTA and conventional CTA.

The advantage of the dual-cnergy bone removal method
compared to CT digital subtraction methods is that it avoids
the additional preliminary unenhanced CT acquisition.
Single data acquisition reduces the radiation dosc to the
patient and also shows no misregistration artifacts.
Subtraction methods use position adjustment. but il a
paticnt moves between the two consecutive acquisitions, it
becomes difficult to achicve a perfect match between the
two images.

For the evaluation of intracranial stenosis and occlusion.
DSA has been considered the reference standard [10]. The
correlation between degree of intracranial stenosis based
on CTA and DSA was excellent [23]. and CTA has a higher
sensitivity and positive predictive value than MRA [24].
Evaluation of ICA stenosis at the petrosal portion of carotid
siphon or in cases of calcificd plaque has not been reported
previously. because CTA did not allow 3D visualization of
ICA with these conditions. In contrast. DE-BR-CTA
removed bone and calcifications and was able to measure
the degree of stenosis.

As described above. we quantitatively cvaluated 1CA
stenosis on MIP image. The correlation coefficient between
DE-BR-CTA and DSA results was good. but stenosis tends
to be overestimated in DE-BR-CTA compared to DSA. In
our study, two scevere stenotic arteries were misclassificd as
occluded (100% stenosis) with DE-BR-CTA. The main
rcason for this overestimation is blooming cffects from
calcifications. The poor enhancement of an artery with
severe stenosis compared to a nonstenotic artery also makes
it difficult to draw a clcar demarcation between calcification
and iodine. This problem might be resolved by optimization
of demarcation parameters and reconstruction kemel.

Conclusion

Dual-cnergy bone removal using dual-source CT is able to
climinate bone and calcification from CTA images using
only a single contrast-enhanced scan. DE-BR-CTA is a
uscful tool to evaluate intracranial ancurysms and stenosis.
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Abstract We evaluated quantifica-
tion of calcified carotid stenosis by
dual-energy (DE) CTA and dual-
energy head bone and hard plaque
removal (DE hard plaque removal)
and compared the results to those of
digital subtraction angiography
(DSA). Eighteen vessels (13 patients)
with densely calcified carotid stenosis
were examined by dual-source CT in
the dual-energy mode (tube voltages
140 kV and 80 kV). Head bone and
hard plaques were removed from the
dual-energy images by using
commercial software. Carotid stenosis
was quantified according to NASCET
criteria on MIP images and DSA

images at the same plane. Correlation
between DE CTA and DSA was
determined by cross tabulation.
Accuracies for stenosis detection and
grading were calculated. Stenosis
could be evaluated in all vessels by
DE CTA after applying DE hard
plaque removal. In contrast, conven-
tional CTA failed to show stenosis in
13 out of 18 vessels due to over-
lapping hard plaque. Good correlation
between DE plaque removal images
and DSA images was observed
(#=0.9504) for stenosis grading.
Sensitivity and specificity to detect
hemodynamically relevant (>70%)
stenosis was 100% and 92%, respec-
tively. Dual-energy head bone and
hard plaque removal is a promising
tool for the evaluation of densely
calcified carotid stenosis.

Keywords Dual-source CT -
Carotid stenosis - Dual-energy CT -
Carotid plaque - CTA

Introduction

Recent clinical trials have proven that the degree of the
internal carotid artery stenosis is associated with cerebral
stroke. According to the North American Symptomatic
Carotid Endarterectomy Trial (NASCET) and the Eur-
opean Carotid Surgery Trial, symptomatic patients with
severe stenoses (70-99%) can therefore benefit from
carotid endarterectomy [1-3].

Conventional digital subtraction angiography (DSA) has
been the “gold standard” for the evaluation of the degree of

carotid artery stenosis, but conventional DSA has a
tendency to underestimate the degree of carotid artery
stenosis because it uses a limited number of projections and
can therefore fail to detect the maximum internal carotid
artery stenosis. 3D evaluation of carotid stenosis has
become posmble with rotation angiography, but this
method remains invasive and is still associated with
catheter-related complications.

Recently, noninvasive MR angiography (MRA) and CT
angiography (CTA) have partially replaced conventional
angiography [4-9] in particular since CTA correlates well
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with catheter angiography and has high diagnostic accuracy
for 70-99% stenosis. Moreover, high-quality DSA-like
images can be generated with 3D CTA and maximum
intensity projection (MIP) technique to gain an overview of
the target vessel, which can help to detect maximum carotid
stenosis. Nevertheless, CTA still shows a lower sensitivity
for quantifying stenosis in the presence of dense calcification
or indwelling stents since these may obscure conirast
material in the lumen [10].

With dual-cnergy dual-source CT, two images can be
simultancously acquired with different tube voltages,
corresponding to different X-ray energies. Materials can
then be differentialed by analyzing their attenuation
differences depending on tube voltage. The atienuation
difference between two X-ray energies is especially large in
materials with high atomic numbers such as iodine due to
the photo effect, thus bones and calcified plaques, which
show a smaller attenuation difference, can be distinguished
from iodine [11, 12]. As a result, calcified plaque (hard
plaque) can be removed from vessels with iodine contrast
together with bone removal and quantification of carotid
stenosis even in the presence of dense calcifications may
become possible.

Here, we compared dual-energy head bone and hard
plaque removal (DE hard plaque removal), applied to dual-
energy CTA images, with conventional digital subtraction
angiography (DSA) with a focus on quantification of
calcified carotid artery stenosis.

Materials and methods

This study was performed after approval of the local
institutional review board. Written informed consent was
obtained from all patients. In the period between June 2007
and December 2007, 16 patients with internal carotid artery
stenosis underwent both carotid DSA and carotid CTA by
using dual-source CT with dual-energy mode. Calcium
volume was calculated on precontrast images by using a
workstation (Zio M900 Quadra, Ziosoft, Japan). Patients
with noncalcified or slightly calcified carotid stenosis
(calcium volume<50 mm?®) were excluded. Finally, 13
patients with densely calcified carotid stenosis (calcium
volume>50 mm®) were enrolled and a total of 18 vessels
were analyzed. CT angiography was performed using a
dual-source multidetector CT system (SOMATOM Defi-
nition, Siemens, Germany). The dual-energy mode was
operated with the following CT parameters: tube voltages
of 140 kV and 80 kV, tube current-time products of 90
effective mA s and 380 effective mA s, respectively, a
rotation time of 0.5 s per rotation, 64 x0.6-mm collimation
with z-flying focal spot and a pitch of 0.6. The contrast
bolus was chosen according to the patients’ body weight as
1 ml/kg of contrast material (350 mg I/ml) and injected for
20 s via the antecubital vein followed by 25 ml of saline.

The delay before CT acquisition afier injection was
determined using bolus tracking sofiware with a region
of interest (ROI) was placed in a common carotid artery
and a trigger threshold of 100 HU above the basclinc. Two
image datasets of different kV were rcconstructed with
0.6-mm slice thickness and 0.6-mm slicc gap. The
reconstructed ficld of view was 200 mm. A soft convolution
kernel (D30 kernel) was applied to obtain smooth 3D images.
Dual-energy images of the carotids without bonc and hard
plaques were obtained from both datasets scanned at
different tube voltage (Figs. | and 2) by using commercial
postprocessing software (syngo 2008G, Siemens, Germany).
We used the postprocessing software’s default settings to
remove cranial bone (head-bone removal). The combined
images of both energy datasets were used for diagnostic
reading and for 3D image (conventional CTA).

Fig. 1 Two images acquired by DSCT in the dual-encrgy mode at
different tube voltages (140 kV and 80 kV) displayed with the same
window width and window center (WW=600, WL=200). The
densities of iodine and calcifications are higher in the 80-kV than in
the 140-kV images, but the density difference of iodine between the
80-kV and 140-kV images is higher than that of calcifications
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