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Summary
Coronary CT angiography with dual‘source CT

The purpese 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 resclution {82msec in any BR
interval) . DSCT-CAG was performed in consectitive
pre-operative 48 patients with avrtic aneurysm or dis-
section, Assessable segments were 571 of 607 {94%} .
DSCT-CAG was compared with couventional CAG in
35 patients, Se‘gme_ntbbastéd sensitivity, specificity,
positive and negative predictive value for evaluating
CAD were 86%. 97%, T6%, and 98%, respectively.

Masahire Higashi et al

Department of Radiology v
National Cardiovascular Conter
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brain ancurysms, internal carotid artery (1CA} stenosis. or
both. We also compared the DE-BR-CTA findings with
those of DSA.

Materials and methods
Suhjects

This study was performed after obtining approval of the
local institulional review board, Written informed consent
was obtained from all patients. We prospectively selected
12 patients (7 male, 5 female: 36-78 vears. mean 64
years) who underwent both DE-BR-CTA and DSA within
30 days of cach other. Nine patients were suspecied of
intracranial unruptured aneurysms with MR angiography.
Five patients were suspecied of ICA stenosis. Of these
five, three patients had o stéoke and in two patients the
asymptormatic steaosis was found during the evaluation
tor andurysm,

CTA protocol

CTA was performed  using a4 dualsource. CT system
{(SOMATOM Delinition, Siemens, ‘Germany), CT para-
meters in the dual-energy mode were 140 and 80 kV tube
voltage, 80 and 360 effective mAS, respectively. 0.5

Flg, 1 Right JCA large duey-
rysm of 0 75-yeur-old female
patient: MIP 1giages of DE-BR::
CTA (a; ¢) dilineate the geniera
shape and configuration of;;
curysa as well as DS
innige of ¢o al
did not’ shoiwv- the: caudi
ancuryspwitly boae::

rotation tirme, 64=0.6-oun collimation with z-flying focal
spot. and a piteh of 0.6, The 140 and 80 kV images (dual-
epergy images) were reconstructed separately in sections
that were 0.75 mm wide at 0.5 mm incremients usiog a D30
kemel for a Held of view of 180 mm. Contrast material
{330 mg Uml)ywas injected for 20 s via the antecubital vein,
followed. by a 23 ml saline flush, Injection rate and dose
depended “on- the patient’s weight: 3.0 mlfse 60 ce for
patients -weighing less than 60 kg 3.5 wmlfs, 70 <
for patients weighing less than 70 kg; and 4 mbis, 80 cc

“for those over: 70 kg, The delay tme of the CT data

acquisition after the injection was determined using a bolus
tracking software at the basifar artery or [CA,

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

hmage processing and analysis

The dual-cnergy images were wansferred to a workstation

(Multi Modality: Workplace; Siemens Medical Solutions,

Germany). and the protefype of a commercial software
(Syngo 2008GY was used to create @ DE-BR-CTA from
which the bone voxels had been removed (“head bone
remaval” application). The combined images of bath
energy data were reconstructed and used for diagnostic
reading (conventional CTA).
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Fig. 2 Left MCA caleified an-
rvsty andd biliteral 1CA ste-

sis with bard plague in a

7-year-old female patient, MIP
image of DE-BR-CTA (a) re- v
maved the ealeifications of ICA -
and anewrysm and revealed-the
same ancurysm shape a5 with
DSA (). However, the DE-BR="
CTA {a) shows a.shost defect.a
the severe stenotic site al-lCA
terminal {wriow). CTA source
images (¢} show dense caleiti-
cations aronnd the whols cir-
cumfcrence of the 1CAwd
anterior wall of the left MCA
ancurysm {arowheadsy VR
image af convenional CTA(dY.
showed the dense caleilication”
at bilawral 1CA and-ancoryss,
but failed o revead details

Two neuroradiologists blinded toall clinical information

independently reviewed ihe DE-BR-CTA in-maxinim:
intensity projection: (MIP) and-the -conventional. CTA- i

volumesrendering (VR)-tecimique: ona: 3D workstation.

Disagrecments rcgmdmg, final com,luamn% were resolved
by-consensus.

Thc quaht) of the dual -gnergy bone runovm wWas 1ated
aceoiding to:a forw=pointscale. “Excellent™ was. dc.ﬁmd as
clearly visible vasculdture and no bone remmants;- Fgood”
asvdxscumable vascufature and: containing only-tiny. bone
rcmnants. mademtu as com'mmw Jarger bom remnants
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“poor” as. including -~ large: bone remnants o arma(,ls': e RIS B2 4
covering’ parts of the vessels, G 80 : T R
}unhc the visibitity. of the ophthalmic dI‘lLl‘V n DL~» L 3 - o

BR-CTA was rated: according to a imu-pomt
“Rxcellent” wag defined as. fhb ophth'thc arh.
visible “from - the origin®

ﬂoo(l“ as one" artery. bum. visibl ie 95 E
on!y the origin orsother:short swmuns buxw jetee > a0 /.
“pool" as the Jong ‘segmeat. ol th ophthaim
being ' detected, dnd “not. visible” ‘as. the ophtlnlmzc" di 30T

artery -not:heingd discernable. _,all
For the eve t]u.itmn of aneurysm, conventional
DE-BR-CTA ‘were: »")mpmud for the deteet
delineation ol ancurysn
Forthe: walualnon ofl
Dg‘\ \‘JLV

!0 20 30 400 50 60 70 B8O .90 100

: : *Thetwo ophthalmic:amriw
: that were 1 : R CTA were found by DSA to
Results bL oculudcd Ints.mbsu\'u Mmbxlm’ bawem two IClldLh

Dual-enérigy boné rempval wa
and the post:processing of L
835, “«Juchnv datartran

—106—



N3

middle cerebral artery (MCA: three patients) and anterior
communicating artery (ACOM; one patient).

Three aneurysms (fwo [CA and one MCA) adjacent to
the skull base werg only partially visible in conventional
CTA but were fully visible in DE-BR-CTA (Fig. 1). For
three aneurysms with caleifications {two MCA and ohe
vertebral artery (VA)]L the caleifications were removed by
the head bone removal applications. and the intraluminal
shape of the ancwrysmas was visualized precisely - with
resufts confirmed by DSA (Figs. 2, 3).

lnn five patients with ICA stenosis by calcification at the
intercavernous or paraclinoid portion, the eight stenotic
festons were not visible . conventional CTA. However,
after bone removal post-processing with daal energy. all
stenotice lesions became clearly visible on the MIP images
{Figs. 2, 4). The agreement of percent stenosis for the two
m;thodx is upruumd in the scatterplots shown in Fig: 5.
The correlation between DSA and CTA was' good (R“
(1.822). and the majority of discordant points were above
the line of correlation,-indicating as overestimation of
stenosis found.on DE-BR-CTA compared 1w DSA.

Discussion

Cur study shows that booe remmoval brain CTA using dual-
energy ddl_&. was useful 10 evalvate ancurysms and 1CA
stenosis with a short caleulating time! and the results, with
DE-BR-CTA were coiparable 10 those with DSA,

Dual-energy CT was develdped during the late 1970s
for tissue characterization using single-source, single-
slice CT [1i. 12] and mainly applied for bone
densitometries {13, 141 However, the limitation of CT
hardware and software technology hampered uqmnsmn
to. further elinical applications [15].

Dual-source CT with dual-energy mode can acguire tvo

different energy data into a single acquisition. Dual-enorgy .

CT imaging makes it possible to differentiate between
certain maiterials, sioce X-ray absorpiion” i mateital
specific and dependent on the cnergy of the X-rays.
Dual-energy CT for tissuc dmmucumtmn was teported for
urinary stone. ditferentiation {16-18], visualization of the
knee hgammt [19]. and dxifurnnnauon 0! jodine from bone
and calcification [9]. S

Multi-slice CTA has o high sensitivils and specificity for
the detection of iniractanial abeurysm [1, 20].

Subtraction methods for booe remoyval . cerebral CTA

have bheen reported for the ,cvalu,duox_x of skull base

aneurysm or extracranial 1CA, such as simple subtraction
from enhanced data to noncontrast data [4, 21]. More
recently, selective bone removal or “matched mask bone
elimination™ have been widely used for bone-subtraction
CTA where the bore mask image as well as the 3D
registration to the enhanced CT acquisition were defer-
mined by a low-dose unenbanced CT acquisition [6-8].

In our study, DE-BR-CTA removed the bone structures
very well, and the three ancurysms 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 diffical, so this information was. tmportant for
deciding treatment stratewies [22} Conventional CTA
images revealed ca deifications but neither VR nor MIP
images allowed a precise evaluation of the. intraluminal
ancurysimal  shape. By comparison, the  geomety of
intraluminal aneurysms was clearly visible on DSA. yet
calcitications could not be dl,\pld_\'Ld. We found that
calcilications of three aneutysing were removed by dual-
energy bone removal. therefore the wall and luminal
information of the ancurysims could be analyzed with both
DE-BR-CTA and conveantional CTAL

The advantage of the dual-encrgy bone removal method
compared (0 €T digital subtraction methods is that itavoids
the additional preliminary unenhanced. CT. acquisition.
Single data acquisition reduces the radiation ‘dose o the
paticnt - and also shows o misregistration  artifacts.
Subtraction ‘methods use position ad]ustmmt but if a
patient moves between the two consceutive acquisitions, it
becomes. ditficult 1o achieve a pmu,t matich buwam the
two-images.

For [ht, evaluation of intracranial stéhosis and occlusion,
DSA hag beert considered the reference standard [0 The
comrelation between degree of datracranial stenosis based
o CTA and:DSA was excellent {23} and CTA has a higher
sensitivity and positive pr(,du,uvc value than MRA [74}
Evaluation of ICA stenosis at the petrosal portion of carotid
siphon or in cases of caleified plague has not been reported
previously, because CTA did not allow 3D visualizalion of
ICA with -these conditions. In contast, DE-BR-CTA

“removed boné and caleifications and was able o measure

the degree of stenagis,

As-deseribed above, we guantitatively evaluated 1CA
stenosis on:MIP image. The correlation coefiicient between
DE-BR-CTA and DSA results was good, but stenosis tends

't be overestimated. in DE-BR-C TA contpared 10.DSA. In

our study, two severe stenotic arteries were misclassified as
occluded {100 stenosis) with DE-BR-CTA. The main
reason for this overestimation is blooming effects from
calcifications. The poor enhancement: of an arlery with
severe stenosis compared to a nonstenotic artery also makes
it difficult to draw aclear demarcation between caleification
and iodine, This problem might be resolved by optithization
of demarcation parametérs and reconstruction kernel.

Conclusion

Dual-energy bone removal usiog doad-source CT is able to
eliminate bone and caleification from CTA images using
only a single contrast-enhanced scan. DE-BR-CTA is a
useful tool to evatuate intracranial aneurysms and stenosis.
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-images:; at the. same: plane.: Ccm:tatmn;‘,
.- - between. DE CTA and DSAwas. ..

‘plagus £ :
e .bctween DF plaque removal umges s
-and DSA;;HM"GS was observed

'Scnsxtmty and sgecxﬁcxty
hemodynamlcany relevant (>70%)
- Stenosis. was, 100%.and. 92%;. respec-




with catheter angiography and hag high diagnostic accuracy
for 70-99% stenosis. Moreover, high-quality DSA-like
1magcs can be gcnerated with 3D CTA and maximum

2 (MIP) technique to:gain an.pverview of

g

material in the lumen [10] i -

With dual-energy dual-source CT, two'xmages can’ be‘
simultancously acquired with differcnt tube vollages,
corresponding to different X-ray encrgics. Materials can
then be differentiated by analyzing their aticnuation
differences depending on tube voltage. The attenuation
difference between two X-ray energies is especially large in
materials with high atomic numbers such as iodine due to

Dual-ene
“plaques “were “obtained from both datasetsscanned-at

The delay before CT acguisition afler injection was
determined using bolus tracking software with a region
of interest (ROT) was placed in a common carolid artery
-and a trigger threshold of 100 HU above the baseline: Two

“image dataseis of differont KV were’ reconstiucted - with
“Oi6-mmizslice  thickness and 0.6-mm-slice * gap. #The

;ccqns_l;gg_t@d _ﬁglgl of view was 200 nam=Assoft convolution

kemel (D30 ke:mel) was apphied to obtain smooth 3D images.
images of the carotids without bone ‘and hard

different tube voltage (Figs. T and 2) by using-commercial
postprocessing software (syngo 2008G, Siertiens; Germany).
We used the posiprocessing 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),

- the photo effect, thus bones and calcified plaques, which

show asmaller aticnuation‘difference; can be distinguished

from iodine [11,712]. As a'result; calcified plaque (bard
" plaque) canbe removed fromvessels with iodine contrast

together with' bone’ tempval” and-quantification of carotid

Matena!s and mettmd

‘I'hxs study

obtained from all patients: In:thie pe od betwein fune 2007
and December2007;°16 pati Ty
stenosis underwent both carotid DSA: and carotid: CTA: by
using dual-source CT with dual—encrgy made;Calcium

mtxon‘ Siemens é.;zGennany) 'Ihe dual-cncrgy mode Was:
PETAte oWt .faparameters tubg: voltages:-

& m}/kg of contrast matenal ‘mg: :
28-s-via: the:anteciibital vei Vtoﬁowcd by 25 ml of salmc

stenosis’ even m the presefice’ of dense calcifications may

“was? performed aﬁer approval of: thc Jocal:
institutional ‘review board; Wntten informed:consent:was::
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DSA examinations were performed using a biplane DSA
unit with rotational 3D DSA (INTEGRIS BV3000, Philips
Healthcare, Best, Netherlands). Common carotid arteries
were selectively catheterized, and anteroposterior, lateral,
right anterior obhque, and leﬁ anterior obhque lmages were
obtained.

Carotid artery stenosis: was quantified according to
NASCET eriteria [1] on MIP images and on DSA images at-
the same plane. Carotid artery stenosis was measured
independently by two expenenced radiologists with 8 and
16. years of experience in vascular imaging. The readers
evaluated the grade of stenosis according to the following
scale: 0-25%, 125-50%, 50-75%, 75-99%. Interobscrver
variability was assessed using Cohen’s kappa lest. Corre-
lation between CTA and DSA was determined by means of
cross tabulation, and accu:acy for detecnon and gradmg of
stenosis was caleulated. . e

R ol . '::;:: :

Bvaluation of ‘stenosis -was- possible - for: all- vessels

postprocessed with DE head bone arid hard plague removal

software (Fig.-3): hn contrast; ‘conventional: CTA did ‘not
allow the evaluation’of stenosis in13 out of 18 vessels on:
MIP- images’ because’ calcifications: covered : the: Tumen:
Good 'cotrelation’ (*=0:9504) ‘was- observed between-the
 degree-of carolid ‘stenosis' measured on CTA images-after”
i DEshard plaquesremoval:and “on-DSA=images :(Fig:4).:
: Sensitivity and:specificity:for defectingHemodynamically.:
relevant (>70%) stenosis was 100% and 92%, respectively.
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F‘;g. 4 Comlahon between DE hard plaquc removal CTA and DSA
for the stenosis mcasuremems Govd ‘correlation between the two,

methods is obsmed (r*’“O 9504) for the quaxmﬂcanrm of caroud" ppot
smnosxs : Cause

Oue.vessel with:severe stenosis (87.4% according 1o DSA):
was: overestimated- and:displayed:as:a-99%; stenosis-like:
lesion onthe DE-hard plaque removal CTA:images (Fig:5).-
Cohen’s kappa test revealed: a: high:level of interobserver -
agreement,; with-kappa coefficient: bcmg 0.91: for CTA andé
O 73 for DSA,; respe ttvely (’!‘ able: :
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Table 1 Interobserver agreement for assessmeat of stenosis on DE hard plaque removal CTA and DSA

CTA 0-25% 25-50%
25500 : 3
50-75%»;.?,'

Readerl SR
I(.lppa c.ouﬂxuent~() 91 -

DSA 0;25% 25-50%
Q2804 (R i
B-50% e i
50-75%

75-100%

Reader 1. 2

Kappa' weﬂlcxent*(} 7.)

50-75%

Reader 2 Dot

75-100%

with DSA -in’ ferms of. quanuﬁcatnon of carond :aﬂery“
stenosis-with dense:calcifications: Although-axial source

vessel or a: ~very. short stenosis.can render the assessment of

jdcpcndmg on their CT- values {12} Iowever,- in pat;cnts
~with seveére: stenosis, the. contrast enhancement (CT-value

incréase) may be weak'in thc vlumcn‘ it the! posmon of

the stenosis difﬁcult on axial images [16]: Wc used MIP-. .. Ve

carotid stenosis bscause this study focused on feas:bzhtybf  incres
DE hard plaque removal, In clinical settings, axial source

images were used in grading the degree of carotid artery
stenosis in the presence of dense calcification.

Iodine shows a much larger increase in CT value with
decreasing ¥-ray tube voltage than bone and caleification,
which is the basis for jodine~bone separation using dual-
energy CT. The voxels. detected as bone or calcifications
were displayed with a CT number of 1,000 HU on the DE
hard plague removal CTA images {11]. We found that the
areas where bone or calcifications had been removed were
sliphtly larger than the caleified plagues observed in the
ariginal images, meaning that calcifications seemed to be
overcsbmatcd This.may be due to blooming artifacts or
partial volus effects Altbough moderate or maild stenosis
mcaburemems inay’ be aceutale ere slenogis can be
overestimated ‘when: the. st it runs very close lo
calcified plaque as was observed in one of our cases. This
result can be altered by applying different  kemels.
Application of a hard kernel might clarify. the border
between calcification :and” iodine; ‘however, we applied a
relatively soft kernel: (D30 to obtain smooth 3D images.
According to theorctical considerations, image pixels with
a CT value greaterthan 100 HU inthe: 140-kV image would
be classified either: as iodine pixels or bone pixels

“higher CT ‘Values in the cross sections oi maximum

stenasis.

DE hard plague removal offers the advantage that
images from one single CT acquisition (albeit witl a dual
source} can be used for removing hard plaque and
estimating caleified carotid stenosis. The uncnhanced CT
acquisition usually needed for BSCTA as a mask for
subtraction thus becomes unnecessary, which reduces
radiation dose to the patient and clirninates misregisiration
due to neck movement or arterial pulsation. The radiation
dose of a dual-energy scan is comparable with 2 normal
single-source scan. In fact, the average CTDI, o0f our
initial five carotid dual-source CTA studies was 11.1 mGy,
while that of normal CTA with single-source scan was
approximately 10.6 mGy, at 120 kV, 300 mA s (effective).

Conclusion

With DE hard plaque removal CTA, calcified plaques
could. be removed. from carotid CTA images and high
quality DSA-like imaging could be achieved. DE hard
plaque:removal is-therefore useful for the evaluation of
carotid stenosis with severe calcification.
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