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Bone Subtraction 3-Dimension CT Angiography Using 64-Slice
Multidetector CT for the Evaluation of Steno-Occlusive Intra- and
Extracranial Vascular Diseases: Comparison with Digital Subtraction

Angiography'
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Purpose: To investigate the efficacy of bone subtraction CT angiography (BSCTA)
for the evaluation of steno-occlusive intra- and extracranial vascular diseases.
Materials and Methods: Fifty-six patients were examined using 64-slice multide-
tector CT and digital subtraction angiography (DSA). For BSCTA, both nonenhanced
CT and enhanced CT angiography (CTA) data sets were obtained. The stenotic degree
of each vascular segment was assessed and classified into 5 grades. With DSA as
the standard, CTA images were compared.

Results: For the evaluation of the extracranial vessels, 370 arterial segments were
analyzed, and the stenotic degree revealed by CTA and DSA agreed in 359 (97.0%).
There was a significant correlation between CTA and DSA (Rs = 0.974). For depiction
of > 500 stenosis, the sensitivity, specificity, and diagnostic accuracy of BSCTA
were 100%, 98.2%, and 98.6%, respectively. For the intracranial arteries, 1029 seg-
ments were analyzed, and CTA agreed with DSA in 966 (93.9%). There was a signifi-
cant correlation between CTA and DSA for stenotic degree (Rs = 0.880). For the de-
piction of > 50% stenosis, the sensitivity, specificity, and diagnostic accuracy of CTA
were 100%, 95.8%, and 96.0%, respectively. In all 74 segments of disagreement, the
degree of stenosis was overestimated on CTA.

Conclusion: BSCTA is comparable to DSA for the evaluation of steno-occlusive in-
tra- and extracranial vascular diseases. However, the stenotic degree tends to be
overestimated on BSCTA, especially in cases of wall calcifications.
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CTA has increased. But there are some limitations for the eval-

uation of intra- and extracranial vascular diseases with conven-

CT angiography (CTA) is a noninvasive imaging method to
detect arterial stenosis, cerebral aneurysm, and other vascular
abnormalities. With the development of multidetector CT
(MDCT) technology, the scan range and diagnostic accuracy of
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tional CTA technique. Separating vessels from the bone or
perivascular calcifications can be difficult, particularly in areas
such as the skull base (1). This limitation can be a barrier to its

use in clinical practice. A further difficulty is that three dimen-
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sion (3D) reconstruction of CTA source data using convention-
al methods is time-consuming and highly operator dependent.
Bone subtraction technique offers the potential for an effective,
rapid, and semi-automated procedure with improved distinc-
tion between bones and vessels (2, 3).

There have been several reports of bone subtraction CTA
(BSCTA) for the evaluation of steno-occlusive intra- and extra-
cranial vascular diseases. However, most of them were limited
in case numbers and confined to only the carotid bifurcations
or the intracranial vessels (4-7).

The purpose of this study was to investigate the efficacy of
BSCTA for the evaluation of the steno-occlusive diseases in all

intra- and extracranial arteries at the same time.

Patients

This retrospective study was approved by our Institutional Re-
view Board. Informed consent was waived. Between February
2006 and April 2011, seventy patients with suspected intra- and
extracranial atherosclerotic disease were examined using CTA
and digital subtraction angiography (DSA) in our institution.
Among them, 14 patents were excluded because of a long inter-
val (> 30 days) between CTA and DSA examinations. Fifty-six
patients were included in this retrospective study. There were 41
males and 15 females, aged from 49 to 85 years (mean, 62.1

years). In 54 patients, stenting angioplasties for their intra- or ex-

tracranial arterial stenosis were performed. Only diagnostic DSA

i - & Y . )
Fig. 1. A 75-year-old female patient with right MCA stenosis. Serial
projection images of BSCTA show the entire neck and intracranial ves-
sels with high quality. There is focal severe stenosis in M1 segment of
the right MCA (arrow).

Note.—BSCTA = bone subtraction CT angiography, MCA = middle ce-
rebral artery

was obtained in the remaining two patients. In all patients, CTA
examinations were performed before DSA. The mean interval
between CTA and DSA examinations was 9.3 days (range: 0-28
days).

CTA Protocol

All CTA examinations were performed with 64-slice MDCT
systems (Brilliance 64; Philips Healthcare, Best, the Nether-
lands/LightSpeed VCT; GE Healthcare, Milwaukee, W1, USA).
After the acquisition of nonenhanced CT (NECT) data, con-
trast-enhanced CTA was performed. Parameters for the CT an-
giographic acquisition were 140-mm field of view, 64 x 0.625-
mm detector collimation, 48-mm/rotation table speed, 0.75-
sec/rotation gantry rotation speed, 120 kVp, 100 mAs (NECT),
200 mAs (enhanced CTA), 1-mm reconstructed section thick-
ness, and 0.5-mm reconstruction increment. The scan range
included the aortic arch up to a point 1 cm above the level of
the lateral ventricles. A total of 100 mL of nonionic iodinated
contrast medium (Ultravist 370; Shering, Berlin, Germany) was
administered intravenously with a power injector at a rate of 4
mL/sec via an 18-gauge catheter positioned in a peripheral vein,
and the scan delay was individually adapted by using a bolus-
tracking technique. For the bolus-tracking, a single nonenhanced
low-dose scan (20 mAs) at the level of the aortic arch was first
obtained. A region-of-interest with an area of 20-50 mm? was set
in the lumen of the aorta. With the start of contrast material
administration, repeated low-dose monitoring scans were ob-
tained every second. When the Hounsfield units in the preset
lumen rose by 100, the CTA scan was triggered automatically 6

seconds later.

Imaging Post—Processing

The data were transferred to a personal computer. Subtrac-
tion process of the transverse source images and 3D recon-
struction of the subtracted images were performed with com-
mercially available software (Rapidia; Infinitt, Seoul, Korea).
After loading both nonenhanced and contrast-enhanced data
sets in memory, registration (translation and rotation) of both
data sets was performed. The software then started subtraction
process. From the subtracted data, 3D CTA images were recon-
structed using volume rendering and maximum intensity pro-

jection techniques. A series of 36 projection images at every
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10-degree around the cephalocaudal axis were generated (Fig.
1), which were then transferred to picture archiving and com-
munication system. The mean postprocessing time needed for
the subtraction process and 3D reconstruction of CTA images,

including the time for data transfer, was 8.5 minutes.

DSA

Intra-arterial DSA was performed transfemorally in all pa-
tients with a 5 Fr angiographic catheter by using single plane or
biplane DSA systems (Angiostar; Siemens, Erlangen, Germa-
ny/Integris Allura; Philips Healthcare, Best, the Netherlands/
Artis Zee; Siemens, Erlangen, Germany).

Bilateral (n = 54) or unilateral (n = 2) common carotid artery
(CCA) injections were performed. For each vessel, posteroan-
terior and lateral projection views were obtained by injection of
8-10 mL of nonionic contrast material (Visipaque 320; Amer-
sham Health, Oslo, Norway). The carotid bifurcation and intra-
cranial vessels were separately evaluated. In 24 patients, either
unilateral (n = 9) or bilateral (n = 15) vertebral artery (VA) in-

jections were also performed.

Image Analysis

Two investigators independently reviewed each BSCTA and
DSA images in a separate session without knowledge of other
imaging findings. In the cases of disagreement, the final assess-
ment of the degree of stenosis was made by consensus.

The stenosis of extracranial arteries was measured according
to the North American Symptomatic Carotid Endarterectomy
Trial method (8) {% stenosis = [1 - (Dstenosis / Drormat)] X 100, Ditenosis
= diameter of stenosis, Duoma = diameter of distal normal ves-
sel}. For the intracranial arteries, the stenosis of an arterial seg-
ment was measured with following the Warfarin-Aspirin Symp-
tomatic Intracranial Disease method (9) {% stenosis = [1 -
(Dstenosis / Drorma)] X 100, Ditenosis = diameter of stenosis, Dnormal =
diameter of proximal normal vessel}. The degree of arterial ste-
nosis was assessed and classified as 5 grades: I (0-29%), normal
or minimal stenosis; II (30-49%), mild stenosis; III (50-69%),
moderate stenosis; IV (70-99%), severe stenosis; V (100%), oc-
clusion.

Each arterial segment was considered to be a separate vessel
and was scored. The extracranial arteries were separately evalu-

ated as eight anatomic segments: right and left CCA, internal
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carotid artery (ICA) bulb, cervical segment of ICA, and VA,
and the intracranial vessels as 21 anatomic segments: right and
left petrous, cavernous, and supraclinoid segments of ICA, Al
and A2 segments of anterior cerebral artery (ACA), M1 and
M2 segments of middle cerebral artery, P1 and P2 segments of
posterior cerebral artery (PCA), basilar artery, and distal VA.
When a diffusely small diameter of the A1 segment of the ACA,
P1 segment of the PCA, or the VA was identified, it was exclud-

ed from the analysis.

Statistical Assessment

The relationship between BSCTA and DSA in terms of grades
of stenosis was estimated with Spearman rank correlation coef-
ficient (Rs). The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and diagnostic accura-
cy of BSCTA for detection of > 50% stenosis were calculated,

with DSA as the standard of reference.

RESULTS

Extracranial Carotid and Vertebral Arteries

For the evaluation of the extracranial arteries, 370 arterial
segments were analyzed, and DSA identified 109 (29.5%) ste-
notic (= 30%) segments (22 with mild stenosis, 12 with moder-
ate stenosis, 55 with severe stenosis, and 20 with occlusion).
The most common steno-occlusive segment was ICA bulb
(74/109, 67.9%) (Table 1). The agreement between the degree
of stenosis revealed by BSCTA and DSA was almost perfect ex-
cept for 11 segments (359/370, 97.0%) (Table 2) (Figs. 2, 3).
There was a significant correlation between CTA and DSA (Rs
=0.974, p < 0.001) for the degree of stenosis. In all 11 segments
of disagreement, the stenotic degree was overestimated at BSC-
TA by one (n = 8), two (n = 2), or three grades (n = 1), respec-

tively. For the depiction of > 50% stenosis, the sensitivity, speci-

Table 1. Location of Lesions in the Extracranial Carotid and Verte-
bral Arteries

Arterial Segment

No. (%) of Lesions (n = 109)

CCA 11 (10.1)
ICA-bulb 74 (67.9)
ICA-cervical 11 (10.1)
VA 13 (11.9)

Note.—CCA = common carotid artery, ICA = internal carotid artery, VA =
vertebral artery
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Table 2. Comparison of the Degree of Stenosis in the Extracranial Carotid and Vertebral Arteries with CTA and DSA

DSA

CTA

< 30% 30-49% 50-69% 70-99% 100% Total
< 30% 255 255
30-49% 4 19 23
50-69% 1 3 14
70-99% 1 55 57
100% 20 21
Total 261 22 55 20 370

Concordance rate = 359/370 = 97.0%.
Note.—CTA = CT angiography, DSA = digital subtraction angiography

|
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Fig. 2. A 65-year-old male patient with right ICA occlusion and left CCA and ICA stenosis.
A. Lateral view of the right CCA angiogram shows complete occlusion of the right proximal ICA.
B. Lateral view of the left CCA angiogram reveals mild segmental and severe focal narrowing in the left CCA (short arrow) and proximal ICA (long

arrow).

C. BSCTA also shows the lesions as the same as on DSA (long and short arrows).
Note.—BSCTA = bone subtraction CT angiography, CCA = common carotid artery, DSA = digital subtraction angiography, ICA = internal carotid artery
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Fig. 3. A 67-year-old female patient with left proximal VA and sub-
clavian artery stenosis.

A. DSA shows severe and moderate degree stenosis in the left proxi-
mal VA (arrow) and subclavian artery.

B. BSCTA reveals the stenotic lesions as the same degree as on DSA
(arrow).

Note.—BSCTA = bone subtraction CT angiography, DSA = digital sub-
traction angiography, VA = vertebral artery

ficity, PPV, NPV, and diagnostic accuracy of CTA were 100%,
98.2%, 94.6%, 100%, and 98.6%, respectively.

Intracranial Arteries

Among the 1029 intracranial arterial segments examined,
105 diseased segments (10.2%) were identified with DSA (48
with mild stenosis, 15 with moderate stenosis, 8 with severe
stenosis, and 34 with occlusion). There was a heterogeneous
distribution of disease through all intracranial vessel segments
(Table 3). Of these, intracranial ICA was 63.8% (petrous ICA;
14.3%, cavernous ICA; 30.5%, supraclinoid ICA; 19.0%). The
concordance between the degree of stenosis revealed by BSC-
TA and DSA was in 966 (93.9%) of 1029 segments (Table 4).
There was a significant correlation between CTA and DSA (Rs
=0.880, p < 0.001) for the stenotic degree. In all 63 segments of

disagreement, the degree of stenosis was overestimated at BSC-
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TA by one (n = 32), two (n = 24), or three (n = 7) grades (Figs.
4, 5). The most common segment of the discordance was cav-
ernous ICA (84/109, 77.1%), followed by supraclinoid ICA
(92/109, 84.4%) and distal VA (62/70, 88.6%) (Table 5). For the
depiction of > 50% stenosis, the sensitivity, specificity, PPV,
NPV, and diagnostic accuracy of CTA were 100%, 95.8%,
58.2%, 100%, and 96.0%, respectively.

CTA is a non-invasive widely available technique. There have
been many studies on its accuracy and comparability for de-
tecting major intra- or extracranial arterial stenosis (8, 10, 11).
However, there are few reports which include, as in our study,
the entire intra- and extracranial arteries in a single scan range

by CTA. Conventional CTA has several limitations, one of which

Sung Eun Park, et al

is that separating vessels from the skull can be difficult, time

consuming, and highly operator dependent jobs. 3D angio-

Table 3. Location of Lesions in the Intracranial Arteries
No. (%) of Lesions (n = 105)

Arterial Segment

ICA-petrous 15(14.3)
ICA-cavernous 32 (30.5)
ICA-supraclinoid 20(19.0)
ACA-A1 4(3.8)
ACA-A2 1(1.0)
MCA-M1 9(86)
MCA-M2 4(3.8)
PCA-P1 2(1.9)
PCA-P2 5(4.8)
BA 1(1.0)
Distal VA 12 (11.4)

Note.—ACA = anterior cerebral artery, BA = basilar artery, ICA = internal
carotid artery, MCA = middle cerebral artery, PCA = posterior cerebral ar-
tery, VA = vertebral artery

Table 4. Comparison of the Degree of Stenosis in the Intracranial Arteries with CTA and DSA

DSA
CTA < 30% 30-49% 50-69% 70-99% 100% Total
< 30% 895 895
30-49% 15 21 36
50-69% 7 10 25
70-99% 7 17 8 39
100% 34 34
Total 924 48 15 8 34 1029

Concordance rate = 966/1029 = 93.9%
Note.—CTA = CT angiography, DSA = digital subtraction angiography

i
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Fig. 4. A 59-year-old male patient with left cavernous ICA stenosis.

B

A. DSA image shows focal luminal narrowing in the left cavernous ICA (arrow).
B. On BSCTA, the stenotic lesion (arrow) is overestimated compared to DSA.
Note.—BSCTA = bone subtraction CT angiography, DSA = digital subtraction angiography, ICA = internal carotid artery

J Korean Soc Radiol 2012;67(5):309-317
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A
Fig. 5. A 65-year-old male patient with pseudostenosis.

A. DSA of the left VA injection shows no significant stenosis without mild luminal irregularity in the left distal VA (arrow).
B. On BSCTA, there is severe segmental narrowing in the left distal VA (arrow).

C. NECT reveals circumferential calcification in the left distal VA (arrow).

Note.—BSCTA = bone subtraction CT angiography, DSA = digital subtraction angiography, NECT = nonenhanced CT, VA = vertebral artery

Table 5. Concordance for the Stenotic Degree between CTA and DSA

No. of Agreement/

Arterial Segment Total Segment (%) Rs

CCA 109/110 (99.1) 1.000
ICA-bulb 104/109 (95.4) 0.983
ICA-cervical 108/109 (99.1) 0.961
ICA-petrous 103/109 (94.5) 0914
ICA-cavernous 84/109 (77.1) 0.891
ICA-supraclinoid 92/109 (84.4) 0.858
ACA-A1 95/96 (99.0) 0.892
ACA-A2 108/108 (100) 1.000
MCA-M1 103/108 (95.4) 0.837
MCA-M2 105/106 (99.1) 0.983
PCA-P1 82/82 (100) 1.000
PCA-P2 87/87 (100) 1.000
Basilar artery 45/45 (100) 1.000
Distal VA 62/70 (88.6) 0.774
Extracranial VA 38/42 (90.5) 0928
Extracranial artery 359/370 (97.0) 0974
Intracranial artery 966/1029 (93.9) 0.880
Total 1325/1399 (94.7) 0.925

Note.—Rs = Spearman rank correlation coefficient (p < 0.001).

ACA = anterior cerebral artery, CCA = common carotid artery, CTA = CT
angiography, DSA = digital subtraction angiography, ICA = internal carotid
artery, MCA = middle cerebral artery, PCA = posterior cerebral artery, VA =
vertebral artery

graphic reconstruction of the entire intra- and extracranial ar-
teries with CTA is usually difficult and could be a barrier in
clinical practice. With bone subtraction technique, we obtained
3D CTA images of the entire intra- and extracranial arteries in
most cases. The mean postprocessing time including data

transfer was 8.5 minutes, acceptable in daily clinical practice.

In our study, for the assessment of the degree of arterial ste-
nosis, the agreement between BSCTA and DSA was 94.7%
(1325/1399). Added to that, for the ICA-bulb, had the highest
prevalence of stenosis (67.9%, 74/109) in this study, the agree-
ment rate was 95.4%. This is similar to the total agreement rate
in our study. Our result for the ICA-bulb lesions is similar to
those of the previous reports in which the agreement rate ranged
from 82% to 95% (8, 12-14).

The relatively small diameter and tortuous course of the VA
compared to the extracranial carotid artery limit complete and
accurate assessment of the degree of stenosis with CTA. In our
study, for the evaluation of the extracranial VA stenosis, the
agreement rate of the stenotic degree revealed by BSCTA and
DSA and the depiction of > 50% stenosis with CTA were compa-
rable to those of the extracranial carotid and intracranial arteries.
In a recent prospective study and a meta-analysis, CTA showed
high sensitivity and specificity for detecting > 50% stenosis (15,
16). Their sensitivity and specificity were 58-100% and 92-95.2%,
respectively, similar to our study (100%, 93.3%). However, for the
interpretation of conventional CTA images, it takes longer com-
pared to BSCTA because conventional CTA images are usually
analyzed using a combination of axial source images and multi-
plane reformat images, and 3D reconstruction of CTA images re-
quires an additional workstation, an experienced specialist, and
long prosprocessing time. This could be a critical limitation in
daily clinical practice, especially for evaluation of the entire extra-

cranial carotid and vertebral and intracranial arteries.
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For the assessment of intracranial arterial stenosis, previous
reports with conventional CTA showed high sensitivity and
specificity (11, 17, 18). However, many did not include the pe-
trous and cavernous segments because separation of these arte-
rial segments from the skull was difficult. In our study, with
bone subtraction technique, we could evaluate the entire intra-
and transcranial arterial segments. The agreement rate between
BSCTA and DSA was 93.9%. For the detection of > 50% steno-
sis, the sensitivity was 110%, specificity 95.8%, and diagnostic
accuracy of CTA in our study was 96.0%. Our result is similar
to previous reports (11, 17, 18). The segment of the lowest
agreement between the BSCTA and DSA was the cavernous
ICA (77.1%, 84/109), followed by supraclinoid ICA (92/109,
84.4%), and distal VA (62/70, 88.6%). In a recent study, which
compared BSCTA, standard CTA, and time-of-flight MR angi-
ography (TOF-MRA) for the evaluation of transcranial arterial
stenosis, the BSCTA showed a trend towards higher stenosis
scores for the ICA cavernous segment in comparison to the
standard CTA and TOF-MRA. Segments with different steno-
sis scores between techniques showed marked vessel wall calci-
fications (19). Calcifications of the ICA siphon are frequently
encountered on NECT images (20). In our study, we also found
this phenomenon. When the disagreement cases were re-
viewed, most had dense calcified plaques or circumferential
vessel wall calcifications (Fig. 5). BSCTA is more prone to over-
estimating the degree of stenosis for the vessels with calcified
plaques. Heavy circular calcification of the vessel wall may lead
to overestimation of the stenosis on subtracted images. Artificial
lumen reduction can be caused by blooming artifacts, partial vol-
ume effects, and truncation errors, but the raw data reconstruc-
tion filters also influence the edge definition of calcified plaque
and therefore may influence the results (1, 4-7, 19). Therefore,
BSCTA images have to be correlated to the CTA source data if
the stenotic lesions are located in the commonly calcified ves-
sels such as the carotid siphon or distal VA.

BSCTA needs two data sets. Additional radiation exposure
for NECT is inevitable. In our study, we reduced radiation ex-
posure by using half radiation dose for NECT. Many recent
studies have reported that one fourth or fifth radiation reduc-
tion for NECT did not significantly affect the overall image
quality of bone removal on BSCTA (1, 3-5, 7). However, they

commonly reported artificial luminal reduction in the vessels
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with calcified plaques and wall calcifications. Reduction of the
tube current on CT increases noise and blooming artifacts
which affect artificial luminal reduction in the vessels with
heavily calcified plaques (21). In our results, the overestimation
of the degree of stenosis might also be caused by the reduction
in radiation dose for the NECT.

Another problem of BSCTA is that patient motion between
the two scans can confound the subtraction process, resulting
in incomplete bone removal. Through the registration process,
we could correct motion artifact. We could also reduce patient
motion to educate the patient about the importance of remain-
ing still during the scanning and to use a comfortable restrain-
ing device. In most cases of our study, we could obtain CTA
images of diagnostic quality.

Dual-energy CT permits the simultaneous acquisition of
low- and high-energy data in one examination and thus allows
simultaneous imaging without interscan motion and with the
application of low additional radiation dose (22). However, the
technology is not universally available while BSCTA can be
performed with data from all spiral CT systems. Recent studies
with dual-energy CT also reported that the degree of arterial
stenosis was overestimated on bone removal CTA compared to
DSA or conventional CTA (22, 23).

This study has several limitations. First, DSA was considered
as the reference data, which may create a standard bias. Second,
DSA was performed after CTA in all patients, so difficult seg-
ments for catheterization such as stenotic proximal VA did not
undergo DSA. This can result in selection bias. Third, most pa-
tients in this study had significant stenosis in the extracranial
carotid arteries, as revealed on CTA, and they were candidates
for stenting angioplasty, which can also cause a selection bias.

In conclusion, we evaluated steno-occlusive intra- and extra-
cranial vascular disease with BSCTA in a single scan range. The
agreement and correlation coefficient of the degree of stenosis
between BSCTA and DSA was excellent. However, the stenotic
degree tends to be overestimated on BSCTA, especially in cases

of wall calcifications.
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