
ORIGINAL
RESEARCH

Diagnostic Accuracy of 3D Time-of-Flight MR
Angiography Compared with Digital Subtraction
Angiography for Follow-Up of Coiled Intracranial
Aneurysms: Influence of Aneurysm Size

H.A. Deutschmann
M. Augustin

J. Simbrunner
B. Unger

H. Schoellnast
G.A. Fritz

G.E. Klein

BACKGROUND AND PURPOSE: 3D time-of-flight MR angiography (3D TOF MRA) may be used as
noninvasive alternative to digital subtraction angiography (DSA) for the follow-up of patients with
intracranial aneurysms treated with Guglielmi detachable coils (GDCs). We aimed to determine the
influence of aneurysm size and location on diagnostic accuracy of 3D TOF MRA for follow-up of
intracranial aneurysms treated with GDCs.

MATERIALS AND METHODS: Two hundred and one 3D TOF MRAs in 127 consecutive patients with 136
aneurysms were compared with DSA as standard of reference. Sensitivity and specificity of 3D TOF
MRA for detection of residual or reperfusion of the aneurysms was calculated with regard to aneurysm
size and location.

RESULTS: Overall sensitivity and specificity of MRA was 88.5% and 92.9%, respectively. Sensitivity
was lower for aneurysms �5 mm (72.2%) and �3 mm (63.6%). In addition to the small aneurysm size,
interpretation of MR angiograms was compromised by susceptibility artifacts at the air-bone interface,
arterial overlap, and pulsation-induced artifacts. The small number of disagreements between MRA
and DSA hampered reliable interpretation of the possible influence of aneurysm location on MRA
accuracy.

CONCLUSION: The sensitivity of 3D TOF MRA for detection of reperfusion or residual perfusion of
coiled intracranial aneurysms varies considerably depending on the size of the aneurysms. No con-
clusions can be drawn regarding a possible influence of aneurysm location on diagnostic accuracy of
3D TOF MRA. These findings may influence the decision about whether to replace DSA by 3D TOF
MRA for the follow-up of patients with intracranial aneurysms treated with GDCs.

3D time-of-flight (3D TOF) MR angiography (MRA)
proved reliable for detection of residual flow in intracranial

aneurysms treated with Guglielmi detachable coils (GDC).1-8

Compared with digital subtraction angiography (DSA), a sen-
sitivity of 72%–97% and a specificity of 91%–100% were re-
ported.1-8 In 1 study, TOF MRA was even superior to DSA in
visualization of residual flow in aneurysms.9 Therefore, some
authors suggest, that DSA at 3 or 6 months after coil placement
may possibly be replaced by MRA.4 However, TOF MRA is
sensitive to flow-related artifacts, signal loss due to saturation
effect at the margin of the slab, overlap of the aneurysm and
adjacent arteries, or atherosclerotic changes of the vessel
wall.7,10,11 These factors may significantly influence image in-
terpretation depending on the location of the aneu-
rysm.7,8,10,11 Aneurysm size is another factor that may influ-
ence the diagnostic accuracy of 3D TOF MRA. Several studies
reported a lower diagnostic accuracy for aneurysms smaller
than 3 mm and for giant aneurysms larger than 20 mm.3,11-16

However, to the best of our knowledge, no studies have eval-
uated the diagnostic accuracy of 3D TOF MRA with special
regard to the size and location of intracranial aneurysms in a
sufficient number of patients treated with detachable coils.
Thus, the purpose of the current retrospective study was to

determine the diagnostic accuracy of 3D TOF MRA for fol-
low-up of intracranial aneurysms treated with detachable coils
in a large number of patients. The accuracy of MRA was eval-
uated with regard to the size and location of the aneurysm.
DSA was used as standard of reference.

Materials and Methods

Patients
Between October 2000 and November 2002, 127 patients (89 women,

38 men; mean age, 49.6 � 11.9 years; age range, 13–74 years) with 136

aneurysms were treated with GDC at our institution. In these pa-

tients, 201 follow-up examinations, including 3D TOF MRA and

DSA, were available. The interval between endovascular treatment

and the correlative MRA and DSA examinations ranged from hours

up to 4.9 years. Included were all patients with an interval of less than

3 days between DSA and MRA.

Digital Subtraction Angiography
The DSA examinations were performed on a biplane system (Neuro-

star Top, Siemens, Erlangen, Germany; Matrix 1024 � 1024) via

transfemoral catheterization and selective injection of contrast media

(Visipaque; Amersham Health, Oslo, Norway) into the carotid and

vertebral arteries. Imaging was performed in standard and adequate

oblique projections as required. The maximum diameters of each

aneurysm were calculated on the workstation.

MR Angiography
MR imaging was performed on a 1.5T scanner (Gyroscan NT Intera;

Philips, Best, the Netherlands) equipped with a 3-axis gradient system
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with a maximum amplitude of 23 mT/m and slew rate of 105 mT/m/s.

A standard head coil was used. The examination protocol included a

standard T2-weighted spin-echo sequence (TR, 5072 ms; TE, 100 ms;

section thickness, 5 mm; FOV, 220 mm), a fluid-attenuated sequence

(FLAIR; TR, 6000 ms; TE, 130 ms; TI, 1900 ms; section thickness, 5

mm; FOV, 220 mm), and a gradient-echo sequence (fast-field echo;

TR, 733 ms; TE, 23 ms; FOV, 200 mm). For the 3D TOF MRA, the

following parameters were used: 3D fast imaging with steady preces-

sion; TR, 28 ms; TE, 6 ms; � � 20°, variable flip angles (tilted opti-

mized nonsaturating excitation) and magnetization transfer pulses;

in-plane resolution, 0.5 � 0.8 mm; effective section thickness, 0.9

mm; FOV, 200 mm.

The first 81 (40.3%) of 201 3D TOF MRAs were performed with-

out application of contrast material. After September 2001, the MRA

protocol for examination of coiled intracranial aneurysms included

the injection of 0.2 mmol/kg gadolinium chelate (Gadodiamide Om-

niscan; Amersham Health, Oslo, Norway). The remaining 120

(59.7%) of the 201 3D TOF MR angiograms were thus performed

after application of contrast material. The same imaging parameters

were used for unenhanced and contrast-enhanced MR angiograms.

Image Interpretation
For each examination (DSA and MRA), findings were assigned to 1 of

4 categories: 0, complete occlusion of the aneurysm; 1, small residual

neck (1–3 mm); 2, large residual neck (larger than 3 mm); and 3, not

assessable. DSA findings were interpreted on a console by an experi-

enced neuroradiologist who was unaware of MRA findings. For inter-

pretation of MRA, MR source images and 3D maximum intensity

projection (MIP) were viewed on an independent workstation (Sparc

10 CT/MR, Sienet MagicView 1100; Siemens). Another neuroradi-

ologist who was unaware of the DSA findings interpreted MRA. A

third neuroradiologist, unaware of the readings of the first 2 readers,

interpreted both MRA and DSA. For this purpose, DSA images and

unsubtracted and subtracted MR angiographic images were displayed

on an independent workstation without patient information. A min-

imum time of 2 months was required between interpretation of MRA

and DSA. Consensus was obtained in cases of discrepancies between

the third reader and the first 2 readers.

Statistical Analysis
The significance of differences in proportions was tested using exact

analogs to the Pearson �2 test statistic. One-way analysis of variance

(ANOVA) was used to test for differences of mean aneurysm size

between different locations. Bonferroni correction was applied to

multiple comparisons. A 2-tailed P value of �.05 was considered to be

significant. Statistical analysis was performed by the SPSS statistical

package (ver. 10.0; SPSS, Chicago, Ill).

Results
MRA and DSA were performed on the same day in 194 of 201
cases. In 3 of 201 cases, DSA was performed 2 days (n � 2) or
3 days (n � 1) after MRA. In 4 of 201 cases, MRA was per-
formed 2 days (n � 2) or 3 days (n � 2) after DSA.

Eight (4%) of 201 MRA examinations were excluded from
the data analysis because of the long interval between DSA and
MRA (ie, �3 days). Findings of 3D TOF MRA and DSA of the
remaining 193/201 aneurysms are given in Table 1. Disagree-
ment between the readers concerning the absence or presence
of a residual perfusion of the aneurysm neck occurred in 1 of
193 (0.5%) DSA studies and in 5 of 193 (2.6%) MRA studies.
These cases were solved by discussion. Five (2.6%) of 193
MRA studies were considered nondiagnostic by the readers.
These cases included extensive susceptibility artifacts as a re-
sult of an implanted ventricular shunt (anterior cerebral artery
[ACA], n � 1), susceptibility artifacts due to surgical clips
(middle cerebral artery [MCA], n � 1), and a giant aneurysm
with flow artifacts due to turbulences (internal carotid artery
[ICA], n � 1). In 2 cases, MRA images were considered non-
diagnostic as a result of motion artifacts caused by a lack of
patient compliance together with susceptibility artifacts at
the air-bone interface in the region of the sella turcica (ICA,
n � 1), and pulsation-induced artifacts at the anterior com-
municating artery (AcomA, n � 1). Subsequent statistical
analysis was based on the remaining 188 (93.5%) of 201
MRA examinations.

Overall Accuracy of MRA versus DSA
MRA and DSA findings and the corresponding sensitivity and
specificity values with regard to the location of the aneurysms
are given in Table 2. The overall sensitivity and specificity of
3D TOF MRA in detection of residual perfusion or reperfu-
sion of the aneurysm compared with DSA was 88.5% and
92.9%, respectively (Table 2). Agreement between MRA and
DSA in detection of reperfusion of the aneurysms occurred in
54 of 188 (28.7%) examinations (Fig 1). In 9 of 188 (4.8%)
examinations, MRA detected a residual or reperfusion,
whereas in DSA, no residual or reperfusion was visible (Table
2, Fig 2). In 1 case, a large residual neck was diagnosed in MRA,
but DSA showed only a small neck remnant (Fig 3). In this
case, partial volume artifacts due to vessel overlap may have
caused the misinterpretation. Agreement between MRA and
DSA in detection of complete occlusion of the aneurysm oc-
curred in 118 of 188 (62.8%) examinations (Table 2). In 7 of
188 (3.7%) examinations, MRA detected a complete occlusion
of the aneurysm, whereas DSA showed a residual or reperfu-
sion (Table 2, Fig 4). In 1 case, a small neck remnant was

Table 1: MRA and DSA findings in 193 aneurysms treated with detachable coils

MRA Finding

DSA Finding

Large Residual
Neck

Small Residual
Neck

Complete
Occlusion

Not
Assessable Total

Large residual neck 2 1 1 0 4
Small residual neck 1 50 8 0 59
Complete occlusion 0 7 118 0 125
Not assessable 0 2 3 0 5
Total 3 60 130 0 193

Note:—MRA indicates magnetic resonance angiography; DSA, digital subtraction angiography.
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diagnosed in MRA, but DSA showed a large residual neck (Fig
5). In this case, pulsation-induced artifacts may have caused
the misinterpretation. Possible causes for false-positive and
-negative findings of TOF MRA compared with DSA are given
in Table 3.

Aneurysm Location
Distribution of false-positive and false-negative findings
across the locations, the corresponding sensitivity and speci-
ficity values, and 95% confidence intervals (CI) are given in
Table 2. The number of false-positive findings (�2 � 2.2, df �
3, P � .05), false-negative findings (�2 � 5.6, df � 3, P � .05),
and the overall number of disagreements (�2 � 4.1, df � 7, P �
.05) between MRA and DSA did not significantly differ be-
tween the locations. However, because of the small number of
discrepant findings between 3D TOF MRA and DSA, reliable
interpretation of the results is not possible.

Aneurysm Size
The mean size of the aneurysms was 7.5 � 5.1 mm (range,
2– 40 mm). Aneurysm size with regard to the aneurysm loca-
tion is given in Table 3. Aneurysms of the AcomA were signif-
icantly smaller than aneurysms of the ICA (5.7 � 3.2 versus
10.4 � 7.7 mm, P � .001). The mean aneurysm size did not
significantly differ among the other locations. The number of
disagreements between MRA and DSA was significantly
higher in aneurysms 3 mm or smaller compared with those
larger than 3 mm (7/33 versus 9/155, �2 � 8.3, df � 1, P � .01,
Table 4). No significant difference was found between the
number of disagreements for aneurysms 5 mm or smaller
compared with aneurysms larger than 5 mm (8/73 versus
8/115, �2 � 0.9, df � 1, P � .05, Table 4). All misinterpreta-
tions (16/188, 8.5%) occurred in aneurysms 12 mm or smaller.
Sensitivity and specificity values and corresponding 95% con-
fidence intervals were calculated for aneurysms smaller than 5
mm and smaller than 3 mm separately (Table 4).

Unenhanced versus Contrast-Enhanced 3D TOF MRA
Disagreements between MRA and DSA occurred in 7 (9.1%)
of 77 unenhanced studies and in 9 (8.1%) of 111 contrast-
enhanced studies (Table 5). The number of misinterpretations
was not significantly different between the groups (�2 � 0.06,
df � 1, P � .05). Sensitivity and specificity values of unen-
hanced MRA versus contrast-enhanced MRA were 88.9%
(95% CI, 70.1–97.6) versus 88.2% (95% CI, 72.6 –96.7), and
92% (95% CI, 80.8 –97.7) versus 93.5% (95% CI, 85.5–97.7),
respectively. There weren’t any statistically significant differ-
ences between unenhanced and contrast-enhanced studies
concerning the number of misinterpretations of aneurysms
�3 mm (3/11 versus 4/19, �2 � 0.001, df � 1, P � .05) and
aneurysms �3 mm (4/63 versus 5/92, �2 � 0.06, df � 1, P �
.05). Furthermore, no statistically significant difference be-
tween unenhanced and contrast-enhanced studies was found
concerning the number of misinterpretations of aneurysms
�5 mm (3/30 versus 5/43, �2 � 0.05, df � 1, P � .05) and
aneurysms �5 mm (4/47 versus 4/68, �2 � 0.3, df � 1, P � .05).

Discussion
In the current study, the overall sensitivity and specificity of
MRA in detection of residual or reperfusion of coiled intracra-
nial aneurysms was 88.5% and 92.9%, respectively. This is in
line with previous studies considering 3D TOF MRA to be a
reliable alternative to DSA for follow-up of coiled intracranial
aneurysms.1-9 However, the diagnostic accuracy of TOF MRA
seems to be significantly related to the size of the aneurysms.

Several studies suggested a size of 3 mm or smaller to be
critical for detection of intracranial aneurysms.11-14 Artifacts
related to complex or slow flow, flow stasis, or recirculation
are more pronounced in small aneurysms.17 The reported sen-
sitivities for detection of aneurysms 3 mm or smaller reach
from 25% to 55%.11,12 In our study, the sensitivity for detec-
tion of aneurysms 3 mm or smaller significantly lower com-
pared with aneurysms larger than 3 mm (63.6% versus 94%;
Table 4). Furthermore, although not statistically significant,
there was a trend toward a higher number of disagreements
between TOF MRA and DSA in aneurysms �5 mm (8/73,
11%) compared with aneurysms �5 mm (8/115, 7%, P � .3).
Thus, the sensitivity for detection of aneurysms �5 mm was

Table 2: MRA and DSA findings with regard to aneurysm location

MRA Findings

DSA Findings

Residual
Neck

Complete
Occlusion

ICA
Residual neck 12 1
Complete occlusion 1 26
Percentage 92.3 (68–99) 96 (80–99)

AcomA
Residual neck 18 6
Complete occlusion 1 40
Percentage 94.7 (74–99) 87 (74–95)

ACA
Residual neck 1 0
Complete occlusion 0 6
Percentage 100 (3–100) 100 (5–100)

MCA
Residual neck 7 1
Complete occlusion 0 18
Percentage 100 (54–100) 95 (75–99)

BA
Residual neck 10 1
Complete occlusion 2 10
Percentage 83.3 (52–98) 90.9 (59–99)

PcomA
Residual neck 5 0
Complete occlusion 3 15
Percentage 62.5 (18–90) 100 (79–100)

PICA
Residual neck 1 0
Complete occlusion 0 2
Percentage 100 (3–100) 100 (16–100)

VA
Residual neck 0 0
Complete occlusion 0 1
Percentage 100 (3–100)

Total
Residual neck 54 9
Complete occlusion 7 118
Percentage 88.5 (78–95) 92.9 (87–97)

Note:—MRA indicates magnetic resonance angiography; DSA, digital subtraction angiog-
raphy; ICA, internal carotid artery; AcomA, anterior communicating artery; ACA, anterior
cerebral artery; MCA, middle cerebral artery; BA, basilar artery; PcomA, posterior commu-
nicating artery; PICA, posterior inferior cerebellar artery; VA, vertebral artery. Percentages
represent sensitivity (left column) and specificity (right column); figures in parentheses are
95% confidence intervals.
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lower compared with aneurysms �5 mm (72.2% versus
95.3%, Table 4).

A possible explanation may be that the combination of
small aneurysm size, arterial overlap, and flow artifacts and the

Fig 1. Agreement in detection of residual flow at the neck of an aneurysm of the anterior cerebral artery after treatment with detachable coils seen on DSA (A, black arrow). Unenhanced
3D TOF MRA (B) and MIP reconstruction (C) showing the residual flow (white arrows) in agreement with DSA.

Fig 2. Overestimation of a completely occluded aneurysm of the anterior communicating artery seen on DSA (A, black arrow). Unenhanced 3D TOF MR angiography (B) and MIP
reconstruction (C) showing a small residual perfusion at the neck of the aneurysm (white arrows).

Fig 3. Overestimation of a small residual perfusion of a coiled aneurysm of the middle cerebral artery seen on DSA (A, black arrow). Contrast-enhanced 3D TOF MRA (B) and MIP
reconstruction (C) showing a large residual neck (white arrows).
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unfavorable anatomic situation, especially in the region of the
AcomA, posterior communicating artery (PcomA), and basi-
lar artery (BA) may have led to the misinterpretations in the
reported cases (Tables 2 and 3). Furthermore, aneurysms of
the AcomA were found to be significantly smaller than aneu-
rysms of the ICA (P � .001). The small size, together with
arterial overlap, pulsation-induced artifacts and, in 1 case, sus-
ceptibility artifacts caused by a pneumatized anterior clinoid
process, may have led to 6 (9.2%) false-positive interpreta-
tions (Table 3). In 1 patient, a partially thrombosed aneurysm
of the AcomA led to a false-positive result in MRA. Acute and
subacute thrombus or hematoma may have high signal inten-
sity on T1-weighted images.18 Because TOF MRA is a T1-
weighted imaging technique for static tissue, thrombus or he-
matoma can have high signal intensity. Thus, residual flow
may be mimicked by thrombus or hematoma.19

The small aneurysm size may also have influenced the in-
terpretation of MRA of the PcomA. Two (8.7%) small aneu-
rysms of the PcomA were misinterpreted by MRA. In 1 aneu-
rysm (3 mm), susceptibility artifacts caused by air/bone

interface at the region of the sella turcica
and the sphenoid sinus may have led to
the misinterpretation. In the other case
(aneurysm size 5 mm), slow flow within
the parent artery may have hampered
visualization of the perfused aneurysm
neck.

Twenty-three aneurysms were lo-
cated at the BA. Two of these aneurysms
were considered occluded in MRA,
whereas DSA showed a small residual
perfusion of the aneurysm neck. Again,
these misinterpretations may be attrib-
uted to the small size of the aneurysms
(2 and 3 mm, respectively). In addition,
pulsation-induced artifacts may have
led to a false-positive interpretation of 1
larger aneurysm (size 10 mm). How-
ever, sensitivity and specificity values
were 83.3% and 90.9%, respectively.

Image interpretation in the ICA may be difficult because of
flow loss in the siphon, overlap of the aneurysm and adjacent
arteries, or atherosclerotic changes in the parent artery that
may cause turbulent flow.8,10 A previous study evaluating 3D
TOF MRA for detection of intracranial aneurysms of the ICA
reported a sensitivity of 47% to 71%.11 In our study, aneu-
rysms of the ICA were significantly larger than aneurysms of
the AcomA, and the mean size was the largest of all locations.
There were only 2 (4.8%) misinterpretations, possibly caused
by pulsation-induced artifacts and vessel overlap due to a
kinking of the artery. Thus, sensitivity and specificity values
were high (93.3% and 96%).

In the region of the ACA, signal intensity loss due to satu-
ration effect at the margin of the slab may hamper visualiza-
tion of neck remnants.10 Furthermore, signal intensity loss
generated by blood flow can also lead to failure in identifying a
residual neck on MRA.7,10 A previous study evaluating 3D
TOF MRA for detection of intracranial aneurysms reported a
lower sensitivity (14% to 50%) for detection of aneurysms in
the ACA.11 In our study, only 3.7% (n � 7) of aneurysms were

Fig 4. Underestimation of a residual perfusion of the neck of a basilaris tip aneurysm seen on DSA (A, black arrow). Contrast-enhanced TOF MRA (B) and MIP reconstruction (C) showing
complete occlusion (white arrows).

Fig 5. Underestimation of a large residual neck of an aneurysm of the anterior communicating artery seen on DSA (A, black
arrow). Unenhanced TOF MRA (B) shows a small residual perfusion of the aneurysm neck (white arrow).

632 Deutschmann � AJNR 28 � Apr 2007 � www.ajnr.org



located at the ACA. In contrast to previous studies, no misin-
terpretations occurred.7,10

The only misinterpretation of an aneurysm of the MCA
may be attributed to a kinking of the parent artery causing a
false-positive result. Only 3 (1.7%) aneurysms were located at
the posterior inferior cerebellar artery and only 1 (0.5%) an-
eurysm was located at the vertebral artery. TOF MRA correctly
diagnosed residual perfusion in 2 of these cases and complete
occlusion in the other 2 cases.

In contrast to previous studies, in only 2 cases (PcomA, n �
1; BA, n � 1) were there misinterpretations as a result of signal
intensity loss generated by blood flow. In previous reports,
failure in identifying a residual neck on MRA was attributed to
this effect.7,10 The use of contrast-enhanced MRA may in-
crease the diagnostic accuracy of MRA in these cases.3 How-
ever, Boulin et al4 reported that the sensitivity and specificity

rates of gadolinium-enhanced 3D TOF MRA for detection of
residual aneurysms were 72% and 98%, respectively. These
values were not significantly different compared with unen-
hanced MRA.

Contrast-enhancement may also reduce saturation effects
on 3D TOF MRA,3,4,7 improving the visualization of large
remnants or recurrences of aneurysms treated with coils.3

However, it may also be disadvantageous. According to Anza-
lone et al,3 contrast-enhanced TOF MRA does not seem to be
indicated for small aneurysms or small aneurysms located
near the base of the skull, where enhancement of veins can
interfere with evaluation of adjacent arterial vessels.3,20,21 In
our study, no saturation effects were observed. In 5 cases, ves-
sel overlap may have caused the misinterpretation between
MRA and DSA. In 3 of these cases, contrast material was ap-
plied. However, in none of these cases did venous overlap de-
grade image interpretation.

Unenhanced TOF MRA is reported to be of less value for
detection of residual flow in giant aneurysms.3,15,16 In our
study, 9 of 188 (4.8%) aneurysms were 20 mm or larger. Con-
trast-enhancement was used in 4 of these studies. In none of
these cases did misinterpretations occur. However, 1 giant an-
eurysm had to be excluded from data analysis because TOF
MRA was nondiagnostic as a result of extensive flow artifacts.
In this case, the use of contrast enhancement may have im-
proved image quality.

The distribution of false-positive and false-negative find-
ings of MRA compared with DSA did not prove to be signifi-
cantly different with regard to aneurysm location. This may be
caused by the small overall number of misinterpretations dis-
tributed across 8 different locations. Although the sensitivity
and specificity values suggest differences between some of the
locations, the corresponding 95% confidence intervals seem
to be too wide for reliable interpretation of these values (Table
1).

Several limitations to the study must be considered. First,
the study shares the limitations of all retrospective studies. In 5
cases, interpretation of MRA images proved to be difficult. In
these cases, a consensus reading had to be performed to reach
agreement between the 2 readers. These cases might have been

Table 3: Possible causes for disagreement between TOF MRA and DSA in 16 patients

Location N (%)
Size

(mean, mm)
Overestimation

(Size)
Underestimation

(Size)
ICA 40 (21.3) 10.4 Vessel overlap (9 mm) Pulsation-induced artifacts (10 mm)
AcomA 65 (34.6) 5.7 Vessel overlap (8 mm) Susceptibility at bone/air interface (2.5 mm)

Vessel overlap and small size (2 mm, 3 mm)
Partially thrombosed aneurysm (10 mm)
Pulsation-induced artifacts (2 mm, 12 mm)

ACA 7 (3.7) 9.1
MCA 26 (13.8) 7.1 Vessel overlap (11 mm)
BA 23 (12.2) 7.6 Pulsation-induced artifacts (10 mm) Slow flow and small size (2 mm)

Saturation effects and small size (3 mm)
PcomA 23 (12.2) 7.3 Vessel overlap (10 mm)

Signal void due to slow flow (5 mm)
Susceptibility at bone/air interface (3 mm)

PICA 3 (1.7) 6.7
VA 1 (0.5) 4.0
Total 188 (100) 7.5

Note:—MRA indicates magnetic resonance angiography; DSA, digital subtraction angiography; ICA, internal carotid artery; AcomA, anterior communicating artery; ACA, anterior cerebral
artery; MCA, middle cerebral artery; BA, basilar artery; PcomA, posterior communicating artery; PICA, posterior inferior cerebellar artery; VA, vertebral artery.

Table 4: Findings of 3D TOF MRA and DSA with regard to aneurysm
size

MRA Finding

DSA Finding

Residual
Neck

Complete
Occlusion

Aneurysms � 3 mm
Residual neck 7 3
Complete occlusion 4 19
Percentage 63.6 (31–89) 86.4 (65–97)

Aneurysms �3 mm
Residual neck 47 6
Complete occlusion 3 99
Percentage 94 (84–99) 94.3 (88–98)
Residual neck 47 6

Aneurysms � 5 mm
Residual neck 13 3
Complete occlusion 5 52
Percentage 72.2 (62–82) 94.5 (89–100)

Aneurysms � 5 mm
Residual neck 41 6
Complete occlusion 2 66
Percentage 95.3 (84–99) 91.7 (83–97)

Note:—TOF indicates time of flight; MRA, magnetic resonance angiography; DSA, digital
subtraction angiography. Percentages represent sensitivity (left column) and specificity
(right column); figures in parentheses are 95% confidence intervals.
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misinterpreted in the routine clinical setting. Second, the
study included only a small number of large and giant aneu-
rysms. Therefore, conclusions about diagnostic accuracy of
TOF MRA in this type of aneurysm should be drawn with
reservation. Third, because of the small number of misinter-
pretations of MRA compared with DSA, statistical evaluation
of the possible influence of aneurysm location on the diagnos-
tic accuracy of MRA proved to be of limited value.

Conclusion
In conclusion, the sensitivity of 3D TOF MRA for detection of
reperfusion or residual perfusion of coiled intracranial aneu-
rysms varies considerably depending on the size of the aneu-
rysms. In agreement with previous studies, the sensitivity and
specificity of MRA was lower in aneurysms �3 mm. However,
3D TOF MRA may safely be used for follow-up of coiled in-
tracranial aneurysms larger than 3 mm. Furthermore, because
of the small number of discrepant findings between MRA and
DSA, no conclusions can be drawn regarding a possible influ-
ence of aneurysm location on diagnostic accuracy of 3D TOF
MRA. These results may influence the decision whether to
replace DSA by 3D TOF MRA for the follow-up of patients
with intracranial aneurysms treated with GDCs. However,
large prospective trials are necessary to further elucidate the
role of 3D TOF MRA for follow-up in these patients.

References
1. Brunereau L, Cottier JP, Sonier CB, et al. Prospective evaluation of time-of-

flight MR angiography in the follow-up of intracranial saccular aneurysms

treated with Guglielmi detachable coils. J Comput Assist Tomogr 1999;23:
216 –23

2. Kahara VJ, Seppanen SK, Ryymin PS, et al. MR angiography with three-dimen-
sional time-of-flight and targeted maximum-intensity-projection recon-
structions in the follow-up of intracranial aneurysms embolized with
Guglielmi detachable coils. AJNR Am J Neuroradiol 1999;20:1391–92

3. Anzalone N, Righi C, Simionato F, et al. Three-dimensional time-of-flight MR
angiography in the evaluation of intracranial aneurysms treated with
Guglielmi detachable coils. AJNR Am J Neuroradiol 2000;21:746 –52

4. Boulin A, Pierot L. Follow-up of intracranial aneurysms treated with detach-
able coils: comparison of gadolinium-enhanced 3D time-of-flight MR angiog-
raphy and digital subtraction angiography. Radiology 2001;219:108 –13

5. Weber W, Yousry TA, Felber SR, et al. Noninvasive follow-up of GDC-treated
saccular aneurysms by MR angiography. Eur Radiol 2001;11:1792–97

6. Michardiere R, Bensalem D, Martin D, et al. Comparison of MRA and angiog-
raphy in the follow-up of intracranial aneurysms treated with GDC. J Neuro-
radiol 2001;28:75– 83

7. Leclerc X, Navez JF, Gauvrit JY, et al. Aneurysms of the anterior communicat-
ing artery treated with Guglielmi detachable coils: follow-up with contrast-
enhanced MR angiography. AJNR Am J Neuroradiol 2002;23:1121–27

8. Okahara M, Kiyosue H, Hori Y, et al. Three-dimensional time-of-flight MR
angiography for evaluation of intracranial aneurysms after endosaccular
packing with Guglielmi detachable coils: comparison with 3D digital subtrac-
tion angiography. Eur Radiol 2004;14:1162– 68

9. Yamada N, Hayashi K, Murao K, et al. Time-of-flight MR angiography targeted
to coiled intracranial aneurysms is more sensitive to residual flow than is
digital subtraction angiography. AJNR Am J Neuroradiol 2004;25:1154 –57

10. Masaryk TJ, Modic MT, Ross JS, et al. Intracranial circulation: preliminary
clinical results with three-dimensional (volume) MR angiography. Radiology
1989;171:793–99

11. Okahara M, Kiyosue H, Yamashita M, et al. Diagnostic accuracy of magnetic
resonance angiography for cerebral aneurysms in correlation with 3D-digital
subtraction angiographic images a study of 133 aneurysms. Stroke 2002;33:
1803– 08

12. Aprile I. Evaluation of cerebral aneurysms with MR-angiography. Rev Neuro-
radiol 1996;9:541–50

13. Huston J 3rd, Nichols DA, Luetmer PH, et al. Blinded prospective evaluation of
sensitivity of MR angiography to known intracranial aneurysms: importance
of aneurysm size. AJNR Am J Neuroradiol 1994;15:1607–14

14. Ross JS, Masaryk TJ, Modic MT, et al. Intracranial aneurysms: evaluation by
MR angiography. J Neuroradiol 1990;11:449 –55

15. Cottier JP, Bleuzen-Couthon A, Gallas S, et al. Intracranial aneurysms treated
with Guglielmi detachable coils: is contrast material necessary in the fol-
low-up with 3D time-of-flight MR angiography? AJNR Am J Neuroradiol
2003;24:1797– 803

16. Jager HR, Ellamushi H, Moore EA, et al. Contrast-enhanced MR angiography
of intracranial giant aneurysms. AJNR Am J Neuroradiol 2000;21:1900 – 07

17. Schuierer G, Huk WJ, Laub G. Magnetic resonance angiography of intracra-
nial aneurysms: comparison with intra-arterial digital subtraction angiogra-
phy. Neuroradiology 1992;35:50 –54

18. Moody AR, Pollock JG, O’Connor AR, et al. Lower-limb deep venous
thrombosis: direct imaging of the thrombus. Radiology 1998;209:349 –55

19. Derdeyn CP, Graves VB, Turski PA, et al. MR angiography of saccular aneu-
rysms after treatment with Guglielmi detachable coils: preliminary experi-
ence. AJNR Am J Neuroradiol 1997;18:279 – 86

20. Edelman RR, Sungkee SA, Chien D. Improved time-of-flight MR angiography
of the brain with magnetization transfer contrast. Radiology 1992;184:395–99

21. Jung HW, Chang KY, Choi DS, et al. Contrast-enhanced MR angiography for
the diagnosis of intracranial vascular disease: optimal dose of gadopentetate
dimeglumine. AJR Am J Roentgenol 1995;165:1251–55

Table 5: Findings of unenhanced and contrast-enhanced 3D TOF
MRA compared with DSA

MRA Finding

DSA Finding

Residual
Neck

Complete
Occlusion

Unenhanced MRA
Residual neck 24 4
Complete occlusion 3 46
Percentage 88.9 (70.1–97.6) 92 (80.8–97.7)

Contrast-enhanced MRA
Residual neck 30 5
Complete occlusion 4 72
Percentage 88.2 (72.6–96.7) 93.5 (85.5–97.7)

Note:—TOF indicates time of flight; MRA, magnetic resonance angiography; DSA, digital
subtraction angiography. Percentages represent sensitivity (left column) and specificity
(right column); figures in parentheses are 95% confidence intervals.
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