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Background: To evaluate the sensitivity, specificity, and accuracy of time-of-flight MR angiography (MRA)
compared with CT angiography (CTA) for detection of branch vessels arising from the intracranial
aneurysm sac, using a 3-tesla MR scanner and an area detector CT scanner.

Methods: Fifty patients with an intracranial aneurysm (25 patients with a branch vessel arising from the
sac and 25 patients without) underwent rotational intraarterial digital subtraction angiography (rota-
tional DSA), MRA, and CTA. The following six image sets were assessed using a 3-point scale for the

ii};‘z?;g; existence of a branch vessel: (1) volume rendering with MRA (MRA-VR); (2) CTA-VR; (3) source images
Angiography with MRA; (4) source images with CTA; (5) VR and source images with MRA (‘MRA-VR + source images’);

and (6) ‘CTA-VR +source images’. Each set comprised the data of all 50 patients. Three radiologists then
performed consensus review and calculated the sensitivity, specificity, and accuracy for MRA and CTA;
rotational DSA was considered as the gold standard.
Results: Higher accuracies were obtained in review using VR + source compared with both VR and source
alone. In addition, higher accuracies were obtained in review using MRA compared with CTA. The highest
accuracy of 0.96 was obtained for ‘MRA-VR +source images’; in contrast, accuracy on ‘CTA-VR +source
images’ was 0.86.
Conclusions: The results show that 3-tesla MRA is an ideal non-invasive imaging examination for detection
of a branch vessel arising from an intracranial aneurysm sac. Higher accuracy, especially sensitivity, with
MRA compared with CTA was found in ICA, but accuracy with MRA was same as that with CTA in MCA.
© 2014 Elsevier B.V. All rights reserved.

Computed tomography
VR-rotational DSA
Time-of-flight

1. Introduction

Intracranial aneurysm is reported to be present in 1-10% of
the general population [1,2]. The risk of rupture is estimated to
be 1-2% per year and is affected by factors such as site and size
[3-5]. Endovascular coiling for intracranial aneurysms has been
accepted as an alternative to surgical clipping, and has lower
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morbidity/mortality rates in selected cases. However, if there is a
branch vessel arising from the aneurysmal sac, there is a major
risk of it being occluded during the coiling procedure [6]. There-
fore, as well as providing information regarding the size and site of
the aneurysm, diagnostic imaging has an important role in detec-
ting the presence of a branch vessel arising from the aneurysm
sac.

Rotational intraarterial digital subtraction angiography (rota-
tional DSA) is considered the gold standard for detecting
intracranial aneurysms [7]. However, the invasive nature of the
DSA procedure is a disadvantage, carrying an approximate 0.5%
rate of persistent neurological complications and an approximate
1% complication risk related to arterial puncture and catheter
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Table 1
Maximum aneurysm diameter and maximum width of branch vessels arising from the aneurysmal sac as measured on VR-rotational DSA.
Patient No. Aneurysm size (mm) Width of branch (mm) site
With 1 6.1 0.8 ICA
branch 2 2.3 0.9 ICA
3 7.6 1.3 MCA
4 3.9 0.8 ICA
() 3.4 0.5 ICA
6 6.5 15| ACA
7 4.9 0.9 ICA
8 12.0 2.0 ACA
9 3.7 0.7 ICA
10 5.8 0.9 ICA
11 3.5 0.8 ICA
12 4.2 05 ICA
13 5.6 0.5 VA
14 4.7 0.7 ACA
15 4.3 1.1 ICA
16 4.7 0.7 ICA
17 10.3 1.7 MCA
18 6.0 1.4 MCA
19 10.2 0.7 ICA
20 4.6 0.9 ICA
21 4.6 1.3 MCA
22 3.4 0.8 ICA
23 49 1.2 VA
24 15 1.0 ICA
25 4.8 1.5 MCA
Without 26 4.9 Not observed ICA
branch 27 3.1 Not observed ACA
28 16.5 Not observed ICA
29 6.8 Not observed ICA
30 4.9 Not observed ICA
31 2.6 Not observed ICA
32 5.4 Not observed ICA
33 6.8 Not observed VAG
34 4.7 Not observed ICA
35 4.7 Not observed ICA
36 5.8 Not observed ICA
37 4.6 Not observed ICA
38 6.6 Not observed ICA
39 5.0 Not observed ACA
40 2.8 Not observed ICA
41 1.8 Not observed ICA
42 8.0 Not observed ICA
43 10.3 Not observed ICA
44 7.8 Not observed ICA
45 4.8 Not observed ICA
46 5.0 Not observed ICA
47 4.4 Not observed ICA
48 24 Not observed ICA
49 6.0 Not observed ICA
50 32 Not observed ICA

manipulation [8]. Thus, there is a need for an accurate noninvasive
screening test for investigation of intracranial arteries. Numerous
previous studies have compared time-of-flight MR angiography
(MRA) with CT angiography (CTA) for detection of intracranial
aneurysms, showing that the two modalities have a similar over-
all accuracy of about 0.90 [9-11]. In contrast, there are only a few
reports (systematically investigation report by Villablanca et al.
[12] and case report by Goto et al. [13]) about the detection
of branch vessels arising from an aneurysmal sac. However, no
study has systematically investigated the detection of branch ves-
sels arising from an aneurysmal sac with a 3-tesla MR scanner.
We expect that the detectability of a branch vessel arising from
the sac is not the same as the detectability of the aneurysm sac
itself.

The aim of the present study is to compare the abilities of MRA
and CTA in detecting a branch vessel arising from an intracranial
aneurysm sac, using a 3-tesla MR scanner and an area detector CT
scanner. Rotational DSA was used as the gold standard.

2. Patients and methods
2.1. Subjects

We performed a retrospective study using the images of 50
patients with a non-ruptured cerebral aneurysm: 25 consecutive
patients (7 males and 18 females; mean age and standard devi-
ation, 58.6 +14.3 years; age range, 26-83 years) with a branch
vessel arising from the aneurysmal sac, and 25 consecutive patients
(6 males and 19 females; mean age, 56.6 +10.1 years; age range,
40-73 years) with no branch vessel arising from the aneurysmal
sac. All patients underwent MRA, CTA, and rotational DSA as part
of the protocol for pretreatment planning. The existence or not
of a branch vessel arising from the sac was confirmed on rota-
tional DSA images by a neurosurgeon with 16 years experience in
neurointerventional radiology. The aneurysm sizes and branch ves-
sel diameters are summarized in Table 1. This retrospective study
using radiological images was approved by the Ethical Committee
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of our institution. Written informed consent was obtained from all
patients.

2.2. Image acquisition

Non-contrast time-of-flight MRA was performed using a 3-tesla
MR system (Signa EXCITE HDx, GE Healthcare). An 8-channel brain
phased-array coil was used as the receiver coil. The imaging param-
eters were as follows: fast spoiled gradient-echo sequence, TR
24-26ms, TE 2.6-3.4ms, flip angle 20°, 512 x 512 matrix (using
zero-fill interpolation), 18-24cm field of view, 0.8-1.0 mm slice
thickness, parallel imaging reduction (ASSET) factor 2.0, magneti-
zation transfer, one acquisition. The mean voxel size of the MRA
source images was 0.41 mm x 0.41 mm x 0.82 mm.

CTA was performed using an area detector CT scanner (Aquil-
ion ONE, Toshiba). Approximately 100 mL (i.e., body weight x 2 mL)
of nonionic contrast material (iopamidol 300; Bracco Diagnostics,
Milan, Italy) was administered into the antecubital vein, using a
pump injector at 4 mL/s with an imaging delay of 15-20s. Imaging
delay was defined by a bolus tracking facility, or was set as 17s.
The area of interest was scanned in one rotation in 0.5-1.0s. Other
parameters were 512 x 512 matrix, 120 kV, 200-270 mA, 11-23 cm
field-of-view, and slice thickness of 0.4-0.5 mm. The mean voxel
size for the CTA source images was 0.30 mm x 0.30 mm x 0.50 mm.

2.3. Image processing

For the purpose of image review, a zoomed MRA VR image
(MRA-VR) and a zoomed CTA VR image (CTA-VR) were recon-
structed on offline workstations (Advantage Workstation, GE
Healthcare) by a technician with 13 years experience in clinical
image processing. The single best view that depicted the existence
or non-existence of a branch vessel arising from the aneurysmal
sac was selected. The target aneurysm was indicated by an arrow
in both the zoomed VR image and the source images. Patient infor-
mation was stripped from all images.

2.4. Image review

Two board-certificated radiologists (with 18 and 15 years expe-
rience in neuroradiology) performed an independentimage review.
The cases were presented to the reviewer in random order. MRA-
VR, MRA-source images, CTA-VR, and CTA-source images were

Table 3
Comparative detection performance between MRA and CTA.

Table 2
Interobserver agreement.

Modality Reviewed image Weighted « statistics
MRA VR 0.89 (excellent agreement)
Source 0.52 (fair agreement)
VR +source 0.88 (excellent agreement)
CTA VR 0.72 (good agreement)
Source 0.56 (fair agreement)
VR +source 0.92 (excellent agreement)

prepared for the image review. The image review consisted of six
viewing patterns: (1) MRA-VR, (2) CTA-VR, (3) MRA source images,
(4) CTA source images, (5) MRA-VR + MRA source images, and (6)
CTA-VR +CTA source images. The viewing patterns were reviewed
on different dates at least a week apart to minimize the mem-
ory of the cases. The existence of a branch vessel was assessed
on a three-point scale: ‘definite branch’, ‘indeterminate branch’,
and ‘no branch’. Any mismatches in the independent review were
reassessed in a consensus review by the initial two radiologists and
another senior radiologist (22 years experience in neuroradiology).

2.5. Statistical analyses

The weighted « statistic was used to assess interobserver agree-
ment for independent image review. ‘Excellent’ agreement was
defined as a « value of 0.8 or above, ‘good’ agreement as 0.6-0.8,
‘fair’ agreement as 0.4-0.6, and ‘poor” agreement as less than 0.4.

To compare the abilities of MRA and CTA in detecting a branch
vessel arising from an aneurysm, the sensitivity, specificity, and
accuracy of each viewing pattern were estimated using the result
of the consensus study together with the 95% confidence interval.
For the purpose of the calculations, ‘definite branch’ was catego-
rized as positive; and ‘indeterminate branch’ and ‘no branch’ were
categorized as negative.

3. Results

Interobserver agreement was excellent for the viewing patterns
‘MRA-VR + source images’, ‘CTA-VR + source image’, and ‘MRA-VR’
alone. Interobserver agreement was only fair for ‘MRA source
images' and ‘CTA source images’. These results are summarized in
Table 2.

Radiologist 1

Value (95% confidence interval)

Radiologist 2

Consensus study

Modality Reviewed image
Sensitivity MRA VR
Source
VR +source
CTA VR
Source

Specificity MRA

CTA

Accuracy MRA

CTA

VR +source

VR

Source

VR +source
VR

Source

VR +source

VR

Source
VR +source
VR

Source
VR +source

0.72(0.51,0.88)
0.92 (0.74, 0.99)
0.88 (0.74, 0.99)
0.60 (0.39, 0.79)
0.80(0.59, 0.93)
0.84(0.64,0.95)

0.96 (0.80, 1.00)
0.92(0.74, 0.99)
0.96 (0.80, 1.00)
0.92 (0.74, 0.99)
0.80(0.59, 0.93)
0.92(0.74,0.99)

0.84(0.71,0.93)
0.92(0.81,0.98)
0.92(0.81,0.98)
0.76 (0.62, 0.87)
0.80(0.66, 0.90)
0.88 (0.76, 0.95)

0.76 (0.55,0.91)
0.68 (0.46, 0.85)
0.92 (0.74, 0.99)
0.64 (0.43, 0.82)
0.80 (0.59, 0.93)
0.80 (0.59, 0.93)

1.00(0.89, 1.00)
0.76 (0.55,0.91)
0.96 (0.80, 1.00)
0.96 (0.80, 1.00)
0.68 (0.46, 0.85)
0.88 (0.74, 0.99)

0.88 (0.76, 0.95)
0.72 (0.58, 0.84)
0.94 (0.83, 0.99)
0.80 (0.66, 0.90)
0.74(0.60, 0.85)
0.84(0.71,0.93)

0.72 (051, 0.88)
0.84 (0.64, 0.95)
0.92 (0.74, 0.99)
0.60 (039, 0.79)
0.84 (0.64, 0.95)
0.80 (059, 0.93)

1.00 (0.89, 1.00)
0.92 (0.74, 0.99)
1.00 (0.89, 1.00)
0.96 (0.80, 1.00)
0.84(0.64,0.95)
0.92 (0.74, 0.99)

0.86 (0.73, 0.94)
0.88 (0.76, 0.95)
0.96 (0.86, 1.00)
0.78 (0.64, 0.88)
0.84(0.71,0.93)
0.86 (0.73, 0.94)
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Table 4
The results of '"VR + source images' classified by site of artery

Estimation for 25 patients with a branch vessel arising from the sac

ACA(n=3)

ITue positive on ‘MRA-VR + source images' 3 cases
TIrue positive on ‘CTA-VR + source images' 3 cases
False negative on ‘"MRA-VR + source images’ Non
False negative on 'CI'A-VR + source images’ Non
Estimation for 25 patients without a branch vessel arising from the sac
ACA (n=2)
True negative on ‘MRA-VR + source images’ 2 cases

ITue negative on ‘CI'A-VR +source images’ 1 case
False positive on ‘MRA-VR + source images' Non

False positive on ‘CTA-VR +source images’ 1 case

ICA(n=15) MCA (n=5) VA (n=2)
14 cases 5 cases 1 case
11 cases 5 cases 1 case
1 case Non 1 case
4 cases Non 1 case
ICA (n=22) VA (n=1)
22 cases 1 case
21 cases 1 case
Non Non
1 case Non

Higher accuracies were observed on MRA (VR, 0.86; source
images, 0.88; VR +source images, 0.96) compared with CTA (VR,
0.78; source images; 0.84, VR+source images, 0.86) (Table 3).
Among the viewing patterns, higher accuracies were observed on
VR +source (MRA, 0.96; CTA, 0.86) compared with VR alone (MRA,
0.86, CTA, 0.78) or source images alone (MRA, 0.88; CTA, 0.84). In
addition, we showed the results of ‘VR + source images’ classified
by site of artery in Table 4.

3.1. Representative cases
The finding of false negative on ‘CTA-VR+source images’

and true positive on ‘MRA-VR +source images’ was observed in
four cases; false positive on ‘CTA-VR+source images’ and true

aneurysm b

branching vessel

A

Rt-internal carotid artery

)

€

vl

50 mm

Rt-internal carotid artery
f :
Lt-internal

negative on ‘MRA-VR + source images’ was observed in two cases. In
contrast, the finding of false negative on ‘MRA-VR + source images’
and true positive on ‘CTA-VR+source images’ was observed in
one case. There was no case of false positive on ‘MRA-VR + source
images’ and true negative on ‘CTA-VR+source images’. In sum-
mary, ‘MRA-VR + source images’ was superior to ‘CTA-VR + source
images’ for the detection of a branch vessel arising from the sac
in six cases, while ‘CTA-VR +source images’ was superior in one
case.

Case 1: False negative on ‘CTA-VR+source images’ and true
positive on ‘MRA-VR+source images’ due to poor contrast-
to-noise ratio in the CTA (Fig. 1). Based on voxel size, the
spatial resolution of the CTA was higher than that of the MRA
(CTA voxel size, 0.39mm x 0.39 mm x 0.5 mm; MRA voxel size,

d Rt_-intemal carotid artery

- Rt-middle
cerebrum artery
earotid artery

-

branching vessel
-

50 mm

50 mm

Fig. 1. False negative on ‘CTA-VR +source images’ and true positive on ‘MRA-VR +source images' observed in patient 5. (a) VR-rotational DSA; (b) MRA-VR; (c) CTA-VR; (d)
global image of (b). The aspect is the same in (a)-(c), and is shown in (d). (e)-(g) MRA source images. (h)-(j) CTA source images. The yellow arrows indicate a branch vessel
arising from the aneurysm sac, which is positioned at the center of image (d). For subfigures (e)-(g) and (h)-(j), the image slices run superior to inferior, from left to right.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)



M. Goto et al. / Clinical Neurology and Neurosurgery 126 (2014) 177-184 181

a spl;ndle aneurysm

bz&ching

vessel

Rt-internal carotid artery

basilar artery

Rt-internal carotid artery

spindle

aneurysm~ ¢

RF

v

Lt-internal
carotid artery

.

A5
branching vessel
N

Fig. 2. False negative on ‘CTA-VR +source images’ and true positive on ‘MRA-VR +source images’ observed in patient 19. (a) VR-rotational DSA; (b) MRA-VR; (c) CTA-VR; (d)
global image of (b). The aspect is the same in (a)—(c). (e)-(g) MRA source images. (h)-(j) CTA source images. The yellow arrows indicate a branch vessel arising from the sac of
the aneurysm, which is positioned at the center of image (d). For subfigures (e)-(g) and (h)-(j), the image slices run superior to inferior, from left to right. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of the article.)

0.39 mm x 0.39 mm x 0.8 mm); however, the branch vessel arising
from the sac could be identified on the MRA source images but not
on the CTA source images.

Case 2: False negative on ‘CTA-VR + source images’ and true pos-
itive on ‘MRA-VR +source images’ due to high-signal structures
obliterating the branch vessel arising from the aneurysm on the
CTA (Fig. 2). Retrospectively, the branch vessel arising from the
aneurysm sac could be identified on the MRA and CTA source
images, but both Radiologist 1 and 2 missed the branch vessel in
their review of the ‘CTA-VR + source images’. On the MRA, the only
structure of high signal in the vicinity of the aneurysm was the
branch vessel arising from the aneurysm; in contrast, the numer-
ous high-signal structures (veins and bones) in this region on the
CTA prevented visualization of the branch vessel arising from the
aneurysm.

Case 3: False negative on ‘CTA-VR+source images’ and true
positive on ‘MRA-VR +source images’ (Fig. 3). Retrospectively, the
branch vessel could be identified on the CTA source images. How-
ever, the clinoid process of near-aneurysm obliterated the branch
vessel on the CTA-VR image.

Case4: False positive on ‘CTA-VR + source images’ and true nega-
tive on ‘MRA-VR + source images’ (Fig. 4). On the CTA source images,
the radiologists misinterpreted a vein superimposed on the target
aneurysm as a branch vessel. This vein was not depicted on the
MRA source images.

4. Discussion

The results of the present report reveal that 3-tesla MRA is supe-
rior to CTA in detecting a branch vessel arising from an intracranial

aneurysm sac. Sensitivity, specificity, and accuracy were higher for
MRA than for CTA in the present report (higher accuracy, especially
sensitivity, with MRA compared with CTA was found in ICA, but
accuracy with MRA was same as that with CTA in MCA). In addi-
tion, false negative on ICA with CTA was prominent especially (see
Table 4).

The study by Villablanca et al. [12] concluded that CTA was
better than DSA and 1.5-tesla MR for detecting branches, but the
present study concludes that MRA was better than CTA for detec-
ting branches. There are some causes of inconsistent result between
both reports. First is difference of the location of the aneurysm.
There were 37.5% of MCA aneurysms and 25% of ICA aneurysms
in the study by Villablanca et al. [12], but there are 74% of ICA
aneurysms and 10% of MCA aneurysms in the present study. This
difference influences accuracy of detecting branches with CTA. ICA
has surrounding structures as the bone, but MCA has surround-
ing structures as brain tissue. The bone obstructs the observation
of the blood vessel (i.e., IAC) because signal of the bone with CTA
is high intensity. This raises the issue of the best imaging option
may be dependent on the location of the aneurysm. In the fact,
higher accuracy, especially sensitivity, with MRA compared with
CTA was found in ICA, but accuracy with MRA was same as that
with CTA in MCA (see Table 4). Second is difference of the static
magnetic field strength of MR scanner. The study by Villablanca
et al. [12] used 1.5-tesla, but the present study used 3-tesla. The
introduction of 3-tesla MR systems, which enable a higher signal-
to-noise ratio (SNR) and longer T1 relaxation times compared with
those of lower magnetic field strength systems, combined with
advances in parallel imaging techniques, has greatly improved the
performance of MRA in terms of spatial resolution, acquisition



