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Abstract Dual energy CT can be
applied to bone elimination for cere-
bral CT angiography (CTA). The aim
of this study was to compare the
results of dual energy direct bone
removal CTA (DE-BR-CTA). To
those of DSA. Twelve patients with
intracranial aneurysms and/or ICA
stenosis were performed on a dual-
source CT in dual energy mode. A
post-processing software selectively
remove bone structures using the two
energy data sets. 3D-images with and
without bone removal were reviewed
and compared to DSA. Dual energy

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
moderate with some bone remnants
but this did not disturb the 3D visu-
alization. Three aneurysms adjacent to
the skull base were only partially
visible in conventional CTA but were
fully visible in DE-BR-CTA. In 5
patients with ICA stenosis, DE-BR-
CTA revealed the stenotic lesions 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 evaluate
intracranial aneurysms and stenosis.
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Introduction

Cerebral computed tomography angiography (CTA) has
become a powerful, noninvasive diagnostic tool for
evaluating cerebrovascular disease [1-3]. However, sin-
gle-source CTA still has drawbacks compared to digital
subtraction angiography (DSA), in particular for the
evaluation of arteries with calcified plaque or vessels
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 set to eliminate 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 energies [9].

Here, we evaluated the performance of dual-energy
direct bone removal CTA (DE-BR-CTA) for diagnosing
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brain aneurysms, 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; 3678 years, mean 64
years) who underwent both DE-BR-CTA and DSA within
30 days of each other. Nine patients were suspected of
intracranial unruptured aneurysms 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 evaluation
for aneurysm.

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 tube
voltage, 80 and 360 effective mAs, respectively, 0.5-s

Fig. 1 Right ICA large aneu-
rysm of a 75-year-old female
patient. MIP images of DE-BR-
CTA (a, ¢) delineate the general
shape and configuration of an-
eurysm as well as DSA (d). VR
image of conventional CTA (b)
did not show the caudal side of
aneurysm with bone

rotation time, 64 x0.6-mm collimation with z-flying focal
spot, and a pitch of 0.6. The 140 and 80 kV images (dual-
energy images) were reconstructed separately in sections
that were 0.75 mm wide at 0.5 mm increments using a D30
kernel for a field of view of 180 mm. Contrast material
(350 mg I/ml) was injected for 20 s via the antecubital vein,
followed by a 25 ml saline flush. 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 ml/s, 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 ICA.

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 from
which the bone voxels had been removed (“head bone
removal” application). The combined images of both
energy data were reconstructed and used for diagnostic
reading (conventional CTA).
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Fig. 2 Left MCA calcified an-
eurysm and bilateral ICA ste-
nosis with hard plaque in a
77-year-old female patient. MIP
image of DE-BR-CTA (a) re-
moved the calcifications of ICA
and aneurysm and revealed the
same aneurysm shape as with
DSA (b). However, the DE-BR-
CTA (a) shows a short defect at
the severe stenotic site at ICA
terminal (arrow). CTA source
images (c¢) show dense calcifi-
cations around the whole cir-
cumference of the ICA and
anterior wall of the left MCA
aneurysm (arrowheads). VR
image of conventional CTA (d)
showed the dense calcification
at bilateral ICA and aneurysms,
but failed to reveal details

Two neuroradiologists blinded to all clinical information The quality of the dual-energy bone removal was rated
independently reviewed the DE-BR-CTA in maximum- according to a four-point scale. “Excellent” was defined as
intensity projection (MIP) and the conventional CTA in clearly visible vasculature and no bone remnants, “good”
volume-rendering (VR) technique on a 3D workstation. as discernable vasculature and containing only tiny bone
Disagreements regarding final conclusions were resolved remnants, “moderate” as containing larger bone remnants
by consensus. that did not however disturb the vessel visualization, and

Fig. 3 Right vertebral artery fusiform aneurysm with calcification stenosis (arrowhead) of the aneurysm as with DSA (b). VR image
in a 55-year-old male patient. MIP image of DE-BR-CTA (a) of conventional CTA (c¢) showed the calcification (arrow), but the
removed the calcification of aneurysm and revealed the distal-end stenosis is hard to see
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“poor” as including large bone remnants or artifacts
covering parts of the vessels.

Further, the visibility of the ophthalmic artery in DE-
BR-CTA was rated according to a four-point scale.
“Excellent” was defined as the ophthalmic artery being
visible from the origin to the intra-orbital portion,
“good” as one artery being visible and the other with
only the origin or other short segments being detected,
“poor” as the long segment of the ophthalmic artery
being detected, and “not visible” as the ophthalmic
artery not being discernable at all.

For the evaluation of aneurysm, conventional CTA and
DE-BR-CTA were compared for the detection and
delineation of aneurysms 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 Disease 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
reliability. Kappa values above 0 were considered to
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

Fig. 4 Right ICA severe stenosis of a 67-year-old female patient.
C2 portion of ICA had severe stenosis (arrowhead) 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 (c¢) show
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Fig. 5 Scatterplots illustrate percentages of carotid artery stenosis at
DE-BR-CTA versus DSA. Good correlation was noted between the
two methods (R*=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 eight patients, and “moderate”
for two patients.

Of the 24 ophthalmic arteries, the visibility of 7 was rated
“excellent,” 14 were rated “good,” 1 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 to
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).

Aneurysms were located in the vertebral artery (two
patients), basilar artery (one patient), ICA (two patients),

T

dense calcifications around the whole circumference of the right
ICA, and these calcifications were removed after DE bone-removal
post-processing (d)
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middle cerebral artery (MCA; three patients) and anterior
communicating artery (ACOM; one patient).

Three aneurysms (two ICA 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 aneurysms with calcifications [two MCA and one
vertebral artery (VA)], the calcifications were removed by
the head bone removal applications, and the intraluminal
shape of the aneurysms was visualized precisely with
results confirmed by DSA (Figs. 2, 3).

In five patients with ICA stenosis by calcification at the
intercavernous or paraclinoid portion, the eight stenotic
lesions were not visible in conventional CTA. However,
after bone removal post-processing with dual energy, 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 correlation, indicating an overestimation of
stenosis found on DE-BR-CTA compared to DSA.

Discussion

Our study shows that bone removal brain CTA using dual-
energy data was useful to evaluate aneurysms 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 [11, 12] and mainly applied for bone
densitometries [13, 14]. However, the limitation of CT
hardware and software technology hampered expansion
to further clinical applications [15].

Dual-source CT with dual-energy mode can acquire two
different energy data into a single acquisition. Dual-energy
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-energy CT for tissue characterization was reported for
urinary stone differentiation [16—18], visualization of the
knee ligament [19], and differentiation of iodine from bone
and calcification [9].

Multi-slice CTA has a high sensitivity and specificity for
the detection of intracranial aneurysm [1, 20].

Subtraction methods for bone removal in cerebral CTA
have been reported for the evaluation of skull base
aneurysm or extracranial ICA, 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 bone 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 aneurysmal wall makes surgical
clipping difficult, so this information was important for
deciding treatment strategies [22]. Conventional CTA
images revealed calcifications but neither VR nor MIP
images allowed a precise evaluation of the intraluminal
aneurysmal shape. By comparison, the geometry of
intraluminal aneurysms was clearly visible on DSA, yet
calcifications could not be displayed. We found that
calcifications of three aneurysms were removed by dual-
energy bone removal, therefore the wall and luminal
information of the aneurysms could be analyzed with both
DE-BR-CTA and conventional CTA.

The advantage of the dual-energy 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 dose to the
patient and also shows no misregistration artifacts.
Subtraction methods use position adjustment, but if a
patient moves between the two consecutive acquisitions, it
becomes difficult to achieve 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 calcified 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 evaluated ICA
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 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 artery with
severe stenosis compared to a nonstenotic artery also makes
it difficult to draw a clear demarcation between calcification
and iodine. This problem might be resolved by optimization
of demarcation parameters and reconstruction kernel.

Conclusion

Dual-energy bone removal using dual-source CT is able to
eliminate bone and calcification from CTA images using
only a single contrast-enhanced scan. DE-BR-CTA is a
useful tool to evaluate intracranial aneurysms and stenosis.
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