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BACKGROUND AND PURPOSE: The aim of this study was to evaluate 2D-digital subtraction angio-
graphic (DSA) and 3D-time-of-flight (TOF) MR imaging in assessment of aneurysmal residue by using
a pulsating silicon aneurysm model. For each imaging system, we studied intra- and interobserver
reproducibility and the agreement between interpretations and reference measurements. We also
examined how each imaging technique affected the operator’s therapeutic decision.

METHODS: Two silicon aneurysm models depicting subarachnoidal aneurysms were used, one with a
wide neck and one with a narrow neck. Each aneurysm model was placed in series on a pulsed flow
circuit and was filled with Guglielmi detachable coils to simulate a clinical case. Each aneurysm was
then gradually filled with silicon gel in increments of 10%, up to 100% to simulate different levels of
occlusion (residual neck or dog ear, partial, complete) at each filling level. For each level of filling, we
performed conventional 2D-DSA and 3D-TOF MR imaging. We submitted the images for examination
by 2 senior medical staff with 2 readings per image. A combined reading of the 2 images was
submitted to each expert to determine whether the 2 examinations were complementary.

RESULTS: The 2D-DSA analysis showed good reproducibility (k � 0.8 and k � 0.57) and agreement
(k � 0.71) in describing “complete” treatments. The distinction between a “residual neck” and “partial
treatment,” however, was not reliable. The 2D-DSA provided a good description of the coil and silicon
protrusion into the parent artery. The 3D-TOF analysis of the residual aneurysm, however, was not
reproducible, though it was more effective than the 2D-DSA in evaluation of partially wide-necked
aneurysms (k � 0.68 MR imaging vs k � 0.041 2D-DSA; P � .018). At the same filling level, the
2D-DSA analysis indicated repeat treatment more often than 3D-TOF analysis (P � .059).

CONCLUSION: The 2D-DSA remains the gold standard, but MR imaging is more effective in evaluating
a “partial treatment.” The 2D-DSA analysis indicated repeat treatment more often than the 3D-TOF for
the same occlusion level. The distinction between “partial treatment” and a “residual neck” was not
reliable with either method of evaluation.

Endovascular therapy of intracranial aneurysms is gradually
becoming the preferred treatment of choice because of its

low risk of complications. Coil embolization with Guglielmi
detachable coils (GDCs; Boston Scientific Neurovascular, Fre-
mont, Calif) is currently the most widely used endovascular
procedure. Postoperative angiographic follow-up is essential
in light of the high percentage of aneurysm recurrence found
in recent studies.1,2 Evaluation of aneurysm occlusion is a fun-
damental parameter in postoperative follow-up because it can
be used to evaluate the risk of recurrence and the need for
additional treatment.

Two imaging techniques are currently used in clinical prac-
tice to assess this parameter: 2D-digital subtraction angio-
graphy (DSA) is an invasive technique requiring selective
arterial catheterization currently considered the reference
method; sequential 3D-time-of-flight (TOF) MR imaging is a

noninvasive technique typically used in our institution to per-
form a first examination at 6 months. In case of anomaly,
2D-DSA is performed soon afterward.

The practitioner evaluates filling of the aneurysm subjec-
tively. At present, the 2 methods for assessing aneurysm filling
are the occlusion rate by percentage grouped into 3 categories:
�70%, 70%–90%, and 90%–100%; and the classification de-
scribed by Raymond et al,3 known as the Jean Raymond grad-
ing scale, that distinguishes 4 classes of aneurysmal filling lev-
el— complete obliteration, partial, residual neck, and dog ear.
Residual neck and dog ear, defined by the persistence of resid-
ual flow at the neck of the aneurysm, were combined into one
single group in this study. Residual aneurysm was defined as a
“partial treatment” with a residual flow within the mass of
coils.

Recent work has examined the agreement between 3D-
TOF evaluations and the gold standard (2D-DSA).4-7 These in
vivo studies, however, do not allow verification of the corre-
spondence of the images with the anatomic reality of the an-
eurysmal residual.

We did not find in the literature any comparative studies of
the 2 imaging systems by using a reference model covering the
modalities of clinical evaluation.

The aim of our work was to evaluate the correlation be-
tween subjective evaluations by interventional practitioners
and objective measurements made by using a reference silicon

Received January 27, 2005; accepted after revision May 18.

From the Department of Diagnostic and Interventional Neuroradiology (V.C., E.L.B, A.D.,
H.B., G.B., A.B.), Gui de Chauliac Hospital, University of Montpellier, Montpellier, France;
the ERIM-CENTI Research Center (L.S.), University of Clermont-Ferrand, Clermont-Ferrand,
France; and the Department of Medical Statistics (E.B), Arnaud de Villeneuve Hospital,
University of Montpellier, Montpellier, France.

Address correspondence to: V. Costalat, MD, Department of Diagnostic and Interventional
Neuroradiology, Gui de Chauliac Hospital, Montpellier University, 2 avenue Emile Bertin,
Montpellier 34000, France.

IN
TERVEN

TIO
N

A
L

ORIGIN
AL

RESEARCH

AJNR Am J Neuroradiol 27:177– 84 � Jan 2006 � www.ajnr.org 177



model. We filled 2 aneurysms, one wide-necked and one nar-
row-necked, with GDC coils to obtain loose but realistic pack-
ing. Each aneurysm was then gradually filled with silicon gel to
simulate different levels of occlusion. For each level of occlu-
sion, we performed 2D-DSA and 3D-TOF MR imaging, which
were subjected to appraisal by 2 experienced interventional
neuroradiologists.

Materials and Methods

Silicon Model and Characterization of Flow Dynamics
We used a silicon model of the left internal carotid artery mounted

in series under pulsatile flow (Flowtek System, San Diego, Calif). The

model had 3 aneurysms, including one with a broad neck and one

with a narrow neck (Fig 1).8,9

The rate and frequency of pulsation were calibrated by using an

echography probe in Doppler mode and were dependent on the mean

values found at the base of an internal carotid artery (300 mL/min;

systolic speed, 80 –100 cm/s; section, 7 mm).10 The echogenicity of the

solution was increased for calibration purposes by the addition of

microbubbles.

We used an isotonic solution of macromolecule (hydroxyethyl-

starch 130,000 d and sodium chloride [Voluven]) to simulate blood

viscosity as closely as possible (viscosity of Voluven at 24°C, 2.2

mPaS).

For the needs of the 3D-TOF MR imaging sequence, the R1 relax-

ivity (1/T1) of the solution was calibrated to that of fresh blood (T1 �

1300 milliseconds) by the addition of gadolinium (Prohance 1396.5

mg/5 mL) at a concentration of 0.16 mL/L Voluven.

In all, our reference model met the flow constraints of flow rate,

pulsability, viscosity, and relaxivity needed for both types of imaging:

3D-TOF MR and 2D-DSA.

Aneurysm Filling Protocols
For each aneurysm, we performed a series of reference measure-

ments of the volume by using a microcatheter and micrograduated

syringe. The reference volumes were compared with the values ob-

tained after postprocessing of a 3D-DSA image. There were no signif-

icant differences between the direct measurements and the 3D-DSA

quantification (P � .05).

Because our model did not allow thrombus formation, after

loosely packing the aneurysms with GDC, we gradually filled them

with silicon gel injected in sections of 10% up to 100% to simulate

different levels of aneurysmal occlusion.

Each injection was quantified by using a micrograduated syringe

to determine the real percentage of filling of the aneurysm at each

stage. At each level of filling quantified on the reference model, we

performed a 3D-TOF sequence for MR imaging studies and a 4-plane

conventional radiographic acquisition for 2D-DSA.

For the narrow-necked aneurysm, we measured packing by using

a volume-embolization ratio (VER; total coils volume/aneurysm vol-

ume) of 20%. After the final stage of filling (90%–100%), we inten-

tionally injected a small amount of silicon into the parent artery sim-

ulating a packing protrusion (Table 1).

For the wide-necked aneurysm, we performed packing at a VER of

12%. We deliberately pulled out a loop of coil into the parent artery at

2 levels of filling (Table 2).

At each stage of filling, we used silicon of a different color. At the

end of the manipulations, we prepared 2-mm-thick sections of each

packed aneurysm and studied via transillumination the distribution

of each silicon injection (Fig 2). We were able to characterize the real

topography of the aneurysmal residue (residual neck, dog ear, partial,

complete) at each filling level.

TOF MR Imaging Sequence
The MR imaging exploration was performed by using a 1.5T mag-

net (Intera, Release 10, Philips Medical System, Best, the Netherlands;

33 mT/m hypergradients) with a phase array head coil. The aneurysm

model was placed in the center of the antenna with 2 bags of isotonic

saline serum to obtain a satisfactory signal intensity.

The 3D-TOF was identical to the one used routinely in clinical

practice for the diagnosis and follow-up of treated aneurysms: axial

3D gradient echo sequence (T1 weighted with TR, 23 milliseconds;

TE, 3 milliseconds; � � 20°; Nex, 1; field of view, 180 mm; 140 sec-

tions, 0.5 mm thick, were reconstructed; matrix, 256 � 202; sense

factor, 2). In all, the voxel was anisotropic and measured 0.35 �

0.35 � 0.50. The acquisition time was 5 minutes, 41 seconds.

Visualization Protocol
The examinations were visualized on a Philips PC, View Forum,

version 3.2 (Best, the Netherlands). The visualization protocol for

Fig 1. A, silicon model of a left internal carotid artery with a total of 3 aneurysms including a wide-necked aneurysm (white arrow ) and a narrow-necked (black arrow ) aneurysm. B, 3D-DSA
imaging of the model showing neck size measurements.

Table 1: Filling of the narrow-necked aneurysm

Aneurysm Filling (%)
Aneurysmal Residue*

(Reference)
Silicon

Protrusion
20 Coils only Residual aneurysm No
40–50 Residual aneurysm No
50–60 Residual aneurysm No
60–70 Residual aneurysm No
70–80 Residual neck No
80–90 Residual neck No
90–100 Residual neck No
�100 Complete Yes

*According to Jean Raymond grading scale.
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3D-TOF acquisitions included visualization of native images and re-

constructions by maximum intensity profile (MIP). We generated 2

series of 12 views, which included rotations around the major axes

and rolled around the small axis of the volume under examination.

The intensity threshold was, as in clinical practice, dependent on the

operator. The silicon gel had a lower signal intensity compared with

the high signal intensity of the circulating fluid.

2D-DSA Acquisition
We used a Siemens Neurostar Plus/T.O.P (Siemens Corporation,

Munich, Germany) biplanar apparatus. The 2D acquisitions were ob-

tained in the subtraction mode.

The acquisition conditions were identical to the parameters gen-

erally used in clinical practice during injection into the internal ca-

rotid artery: matrix, 1024 � 1024, by using orthogonal biplane acqui-

sitions. Four projections (anteroposterior, lateral, anterior, and

oblique views), were properly selected to accurately demonstrate, at

least in one instance, the relationship of the aneurysm with the parent

artery with an imaging field of 22 cm. In each case the anteroposterior

view was found to be the best incidence, but the other views were

helpful to judge the presence of residual flow within the mass of coils.

Injection parameters were 4 mL/s of a total of 10 mL Hexabrix

with a 2-second acquisition delay.

Visualization Protocol
The acquisitions were reproduced on film (3 � 4) with a reference

mask for each view.

Medical Expert Examination
Each level of filling of each aneurysm was given an anonymous

order (run number from 1 to 16 for 2D-DSA and 1 to 16 for 3D-TOF

MR imaging).

Two blinded experienced interventional neuroradiologists made

2 independent readings of each image in a randomized order. A total

of 4 sessions of 16 interpretations were performed.

2D-DSA and 3D-TOF studies of the model without coil or silicon

were available to the experts during the readings.

A nominal scoring grid was completed after each reading. The

criteria assessed were the percentage of aneurysmal occlusion from

0%–100% by 10% step intervals; the filling level according to Ray-

mond grading scale3 combined “dog ear” and “residual neck” into

one group; the presence of a coil extrusion into the parent artery,

coded yes/no; the presence of a packing protrusion into the parent

artery, coded yes/no; the image quality (very good, good, poor, not

interpretable).

At the end of the analysis, we asked each physician to indicate

whether further treatment was required on the basis of the images

presented.

A third combined reading of the MR imaging and 2D-DSA studies

for each filling level was performed by each expert to judge the com-

plementary nature of the 2 imaging systems.

Statistical Analysis
The data from the readings were compared with the reference

measurements made on the model and the agreement estimated by

using the Kappa coefficient with calculation of the 95% confidence

interval (CI 95%). The comparison between the kappa values was

performed by using a z test.11 A P value �.05 was considered to be

statistically significant.

Depending on the MR imaging and angiographic results being

paired, any therapeutic decisions made by the experts were done by

using McNemar’s �2 test on dissimilar pairs after verification that the

conditions of application were met (theoretical population �5).

Results
All images were graded very good or good by the 2 experts.

Intra- and Interobserver Variations
Estimation of the aneurysmal residue by percentage class was

not reproducible between readers, whatever acquisition tech-
nique was used. In our study, the classification using the Ray-
mond grading scale showed greater inter- and intraobserver re-
producibility. Therefore, this is the reference scale we chose to
compare reproducibility between 2D-DSA and 3D-TOF.

Intraobserver Variation
In 2D-DSA, intraobserver reproducibility was good with

kappa values of 0.801 and 0.589 with no significant difference
between the 2 readers (P � .47).

The kappa values for the MR imaging evaluation were low,
ranging from 0.061 to 0.253, also with no significant difference
between readers (P � .49).

Interobserver Variation
In 2D-DSA, reproducibility was excellent for evaluation of

packing or coil extrusion (k � 1.0 and k � 0.765) into the
parent artery and for assessment of complete treatment. In
contrast, the kappa values were very low when it came to eval-
uating the aneurysmal residue (residual neck or dog ear from
residual aneurysm).

In 3D-TOF, the kappa value was excellent for showing

Table 2: Filling of the wide-necked aneurysm

Aneurysm Filling (%)

Color of Silicone Injection Aneurysmal Residue*
Reference

Loop in the
Parent ArteryBlue Green Red Gray Black Pink Violet

Coils only — — — — — — — Residual aneurysm Yes
30 Residual aneurysm No
40–50 Residual aneurysm Yes
50–60 Residual aneurysm No
60–70 Residual aneurysm No
70–80 Residual neck No
80–90 Residual neck No
100 Complete No

*According to modified Jean Raymond grading scale.

AJNR Am J Neuroradiol 27:177– 84 � Jan 2006 � www.ajnr.org 179



packing protrusion into the parent artery (k � 1.0), but poor
in evaluating the extrusion of the coils (k � 0.103), residual
aneurysm (k � 0.3), and residual neck or dog ear (k �
�0.333).

Agreement between the Evaluation of Filling by
Percentage Class (%) and the Reference Measurements

There was no agreement between the evaluation of filling
by percentage class and the reference measurements whatever
the method of acquisition despite a grouping by class used in
clinical practice (�70%, 70%–90%, 90%–100%; Table 3).

Agreement between the Evaluation
of Filling by the Raymond Grading
Scale and the Reference
Measurements

2D-DSA. Evaluation of filling in 2D-
DSA, according to the Raymond classifi-
cation, showed that for both readers
whatever the neck and filling level there
was poor agreement. Depending on the
type of filling, however, significantly dif-
ferent kappa values were obtained (P �
.05), with good agreement in the evalua-
tions of complete treatment with kappa
values at 0.71 versus only 0.14 and 0.11
for the evaluations of partial treatment
and residual neck (Table 4; Figs 3 and 4).

3D-TOF. The 3D-TOF evaluation of
filling showed, for both readers, irrespec-
tive of neck size and occlusion level, mod-
erate agreement (k � 0.447; Table 5). The
z score test,11 however, did not show any
significant difference from the 2D-DSA
evaluation (P � .139).

Differences in the kappa value were
noted at different filling levels. When
treatment was defined as partial on the
reference (residual aneurysm), the
kappa value was 0.50 (Table 5) versus
0.145 (Table 4) for the 2D-DSA evalua-
tion, though no significant difference
could be shown at this level (P � .068).

The kappa value in evaluation of the
complete treatment was moderate
(0.483), lower than that of 2D-DSA,
with no significant difference (P �
.238). The kappa value in evaluation of
a residual neck was moderate as in 2D-
DSA (Tables 4 and 5).

Combined Reading. The combined
reading of the 2 acquisitions showed no
significant difference between the
kappa values obtained by 2D-DSA and
3D-TOF.

Study of the Agreement between
Evaluations and the Reference
Depending on the Neck Type
Wide Neck. In wide-necked aneu-
rysms, irrespective of the occlusion

level obtained, a broad range of kappa values was recorded by
using either 3D-TOF or 2D-DSA evaluations (Table 6); how-
ever, 3D-TOF assessment of partial treatment on the wide-
necked aneurysm was significantly better than that by 2D-
DSA (respective kappa values, 0.679 vs 0.041; P � .018; Fig 5).

Narrow Neck. The kappa values for all occlusion levels
together ranged from 0.30 to 0.39 for the 3D-TOF evaluation
versus 0.066 to 0.612 for the 2D-DSA evaluation. The differ-
ences observed were not significant. Nevertheless, the kappa
value for evaluation by 2D-DSA of “complete” treatment was
higher (Table 7).

Fig 2. A, Wide-necked aneurysm filled with colored
silicon and coil. Two-micron-thick section prepara-
tions (numbered 1– 6) were studied via transillumi-
nation. B, Enlargement of section 4 (coils, white
arrow; colored silicon, black arrow). C, For example,
at the level of filling 50%– 60%, blue, green, and
black silicon were injected (compare Table 2). We
then darkened those colors and denoted the open
space with gray. At this filling level, the aneurysmal
residue on the reference was rated “residual aneu-
rysm” according to the Jean Raymond grading
scale.
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Evaluation of Packing Protrusion. For both readers, the
evaluation of packing protrusion was good in MR imaging
(k � 0.70) and excellent in 2D-DSA (k � 0.85), with no sig-
nificant difference between the 2 techniques (P � .44).

Evaluation of Coil Extrusion into the Parent Artery. The
evaluation of coil extrusion into the parent artery was excellent
(k � 0,84) when 2D-DSA was used (Fig 6), whereas it was poor
when the 3D-TOF evaluation was used (k � 0.10; P � .001).

Evaluation of the Difference in Therapeutic Decision De-
pending on the Acquisition Mode. Of the 64 decisions made,
7 depended on imaging mode. In cases of disagreement in the
therapeutic decision, depending on the type of imaging used,
2D-DSA tended to influence the decision toward retreatment,
whereas MR imaging tended to favor absence of therapy (P �
.059; McNemar’s test).

In 6 cases, additional treatment was thought to be neces-
sary in 2D-DSA and unnecessary in 3D-TOF. In only one case
did the experts consider treatment necessary in 3D-TOF and
unnecessary in 2D-DSA (Table 8).

Discussion

Comparison with Other Studies Performed
To the best of our knowledge, no studies have used expert

evaluation of aneurysmal residue by using 2D-DSA and 3D-
TOF imaging in comparison with a reference model. Recent in
vivo studies compared a reference 2D-DSA with MR imag-
ing.4,5,7 These studies do not allow a precise comparison of the
images with a verifiable reference of aneurysmal residue. In
some studies comparing the 2 techniques, the time intervals
between the 2 studies vary from a few days to as long as several
months, and modification of the aneurysmal packing between
the 2 investigations is therefore possible.7 Other recent studies
did not allow determination of the interobserver reproducibil-
ity essential to a critical evaluation of a technique.5,6,12 3D-
DSA that has proved to be beneficial in assessing aneurysmal
occurrence13-17 could not be included in our aneurysmal post-
treatment evaluation. In our model, artifacts preclude its use
as a method of aneurysm-filling evaluation.

Reproducibility
2D-DSA. Intraobserver reproducibility of 2D-DSA evalu-

ations was good. Interobserver reproducibility was good to
excellent in analysis of a coil extrusion or packing protrusion
into the parent artery as well as for evaluation of “complete”
treatment. Analysis of a “partial treatment” or “residual neck”
aneurysm showed little reproducibility from one reader to an-
other. The distinction between a “residual neck” and “residual
flow” within the mass of coils was often difficult (Fig 3).

As frequently noted in the literature,2,18 acquisition in 2
dimensions gives superimposition of the aneurysm sac and the
parent artery and does not allow formal recognition of an ad-
ditional image as flowing blood within the mass of coils.

Furthermore, arterial pulsation may be responsible for a
slight discrepancy between acquisition of the mask and the
injected series (Fig 4) and mimic an additional image difficult
to differentiate from a “residual neck.”

3D-TOF. In MR imaging, intra- and interobserver repro-
ducibilities were low in analyses of the aneurysmal residue,

Fig 3. 2D-DSA, wide-neck aneurysm with a partial treatment (residual aneurysm, 50%–60%
filling, on the reference) classified as a “residual neck” or “dog ear” by the 2 experts.

Fig 4. 2D-DSA imaging of the narrow-necked aneurysm with 90%–100% filling (residual
neck on the reference; compare Table 1). A black border is observed around the aneurysm
(black arrow). Arterial pulsation may be responsible for misregistration of the mask and the
injected series and can mimic a residual neck.

Table 3: � value of agreement between the reference and the
evaluation by percentage

Class � SE Prob � Z b_inf b_sup
2D-DSA �70 �0.030 0.121 �0.249 0.598 �0.267

70%–90% �0.057 0.121 �0.476 0.683 �0.295
90%–100% 0.036 0.121 0.304 0.380 �0.200

3D-TOF �70% �0.272 0.125 �2.18 0.985 �0.517
70%–90% �0.361 0.125 �2.89 0.998 �0.606
90%–100% �0.361 0.125 �2.89 0.998 �0.606

Table 4: � value of agreement between 2D-DSA evaluation (using
Jean Raymond grading scale) and the reference

2D-DSA � SE Z Prob � Z B_inf B_sup
Residual neck or dog ear 0.114 0.121 0.945 0.172 �0.122 0.352
Partial (residual aneurysm) 0.145 0.121 1.198 0.115 �0.092 0.383
Complete 0.716 0.121 5.909 �.0001 0.478 .954
Global agreement 0.232 0.094 2.450 0.0071 0.046 0.418

Table 5: � value of agreement between 3D-TOF evaluation (using
Jean Raymond grading scale) and the reference

3D-TOF � SE Z Prob � Z b_inf b-sup
Residual neck or dog ear 0.353 0.125 2.829 0.002 0.108 0.598
Partial (residual aneurysm) 0.5* 0.125 4 �.0001 0.25 0.745
Complete 0.483 0.125 3.869 �.0001 0.238 0.728
Global agreement 0.447 0.090 4.928 �.0001 0.269 0.625
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irrespective of oc-
clusion level. This
result agrees with
Leclerc et al19 and
Derdeyn et al,7

who also found
low reproducibil-
ity in MR imag-

ing evaluation. This result is explained by the variability in choice
of intensity and contrast levels between readings and readers in
MIP study responsible for dispersion of the results. Van Hoe et
al20 have already demonstrated similar results in an MIP study in
arterial stenosis with an increase in dispersion depending on the
decrease in vessel size.

Packing Protrusion. Evaluation of the packing protru-
sion into the parent artery was well identified by both im-
aging modalities. We did, however, note the presence of
false-positives in 3D-TOF studies, despite the absence of
observable artifacts related to the mass of the coils. Leclerc
et al19 and Derdeyn et al7 did not identify a “subjectively
identifiable” loss of signal intensity around the packing,
agreeing with observations by Hennemeyer et al,21 who
only found “minor artifacts” of magnetic susceptibility.
Therefore, we explain this loss of signal intensity as proba-

ble disturbed flow around the residual neck sufficient to
affect flow in the parent artery (Fig 7).

Coil Extrusion. Evaluation of coil extrusion was excellent
in 2D-DSA because of the quality of definition (1024 � 1024)
and speed of acquisition. MR imaging analysis was not reliable
by using either the MIP reconstructions or source images (Fig
6). The lower image definition (matrix, 256 � 202) and vari-
ability in contrast thresholds may explain these differences.

Evaluation of the Aneurysmal Residue: Classification by
Percentage

The mode of evaluation by percentage classes was found to
show little agreement, despite grouping into very broad classes
(�70%, 70%–90%, 90%–100%). The experts systematically
overestimated the filling level whatever the mode of imaging.
In the absence of silicon and despite a 12% packing for a wide-
necked aneurysm, no expert gave an evaluation �60%–70%
of filling. For the narrow-necked aneurysm with a 20% pack-
ing, no expert gave an evaluation �80%–90%.

2D-DSA. According to Piotin et al,18 2D-DSA systemati-
cally overestimates of the aneurysm filling level. A 2D-DSA
evaluation of 100% occlusion corresponds at best to a real
filling of only one third of the aneurysm sac. This result is due
to complete attenuation of the radiograph by the mass of coils,

Fig 5. MR 3D-TOF, wide-necked aneurysm with a 30% partial filling (residual aneurysm on the reference; compare Table
2) showing residual flow (arrow ) on MIP view (A ) and axial reconstructed view (B ). C, Residual flow in gray on the
reference (arrow ) is not observed on 2D-DSA imaging (D ).

Table 6: Agreement between 3D-TOF and 2D-DSA evaluation (using Jean Raymond grading scale) and the reference on the wide-necked
aneurysm

Wide Neck � and SE (*)
Residual Neck

or Dog Ear
Partial

(Residual Aneurysm) Complete Global Agreement
2D-DSA 0.1 (0.166) 0.041 (0.166) 0.306 (0.166) 0.138 (0.119)
3D-TOF 0.39 (0.176) 0.679 (0.176) 0.589 (0.176) 0.565 (0.129)
P value .282 .018* .294 .028

Table 7: Agreement between 3D-TOF and 2D-DSA evaluation (using Jean Raymond grading scale) and the reference on the narrow-necked
aneurysm

Narrow Neck � and SE (*)
Residual Neck

or Dog Ear
Partial

(Residual Aneurysm) Complete Global Agreement
2D-DSA 0.066 (0.176) 0.186 (0.176) 0.612 (0.176) 0.225 (0.134)
3D-TOF 0.307 (0.176) 0.295 (0.176) 0.390 (0.176) 0.325 (0.129)
P value .385 .69 .40 .628
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which forms a radiopaque cage, making it impossible to eval-
uate its contents.

3D-TOF. Disturbed flow in an empty aneurysm leads to a
loss of signal intensity that predominates in the center and
proximal border of the sac and neck (Fig 8A). Gobin et al,22

Kerber and Heilman,23 and Sorteberg et al24 have shown that
coils cause a major disturbance in the flow with stagnation in
the dome even when the VER is low. These features easily
explain overestimation of filling noted by the experts (Fig 8B).

Evaluation of the Aneurysmal Residue: Jean Raymond
Grading Scale

2D-DSA. By using the Raymond grading scale, “complete”
treatments were correctly assessed by the experts. In contrast,
the distinction between “residual aneurysm” and a “residual
neck or dog ear” was not reliable.

The experts also overestimated the filling level, classing as a
“residual neck” or “dog ear” treatments formally identified as
“residual aneurysm” on the reference (Figs 3 and 5).

3D-TOF. 3D-TOF MR imaging studies did better than 2D-
DSA in the identification of “partial” treatments on the wide-
necked aneurysm (Fig 5). Anzalone et al,4 Leclerc et al,19 and
Derdeyn et al7 reported cases of increased intensity MR imag-

ing signals within the packing of aneu-
rysm, which were considered entirely oc-
cluded by 2D-DSA.

In the absence of a better reference
than angiography, these observations
were reported as false-positive cases for
the 3D-TOF MR imaging.

We postulate that in view of the signif-
icant differences in the kappa values that
we obtained (0.68 MR imaging vs 0.041
2D-DSA; P � .018) it is valid to consider
increased intensity MR signals as the
manifestation of a residual flow within
the mass of coil, especially if the aneu-
rysm is a wide-necked and the initial VER
is low.

In MR imaging, asymmetric underes-
timation of the neck size is observed when
the aneurysm is empty. Flow is well per-
ceived at the distal border of the parent

artery and underestimated at the proximal border25-27 (Fig
8A). Because of the mass of coil, asymmetric flow dynamics
were not observed during analysis and “residual neck” was
described by the 2 experts, with no difference between distal
and proximal border (Fig 8B).

Combined Reading
Combined reading of the 2 types of image did not im-

prove agreement between the evaluations and reference
measurements. The practitioners tended to suppress data
supplied by the MR imaging in favor of the 2D-DSA angio-
graphic images.

Repeat Treatment
Theoretically all “partial treatments” verified on cross-sec-

tions may be eligible for a second stage treatment. Although
partial treatment is a potential indication for therapy, experts
were concerned with treatment feasibility.

Only “partial treatments” were found suitable for retreat-
ment by the experts. Above 50% filling, no additional treat-
ment decision was carried out. At the same filling level, 2D-
DSA analysis indicated additional treatment more often than
3D-TOF analysis (P � 0.058). A better description of the fill-
ing status of the aneurysmal neck in relation to the parent
artery allows a greater confidence in the evaluation of whether
an additional treatment is needed and possible.

Conclusion
In our in vitro study, the Raymond classification proved to

be a more reproducible and precise evaluation tool than the
percentage classes. 2D-DSA is the best imaging modality, be-
cause of better intra- and interobserver reproducibility and
good agreement with the reference measurements in evaluat-
ing completely occluded aneurysms. Although the benefits of
MR imaging were obvious to depict “residual aneurysm,” the
distinction between “residual aneurysm” and “residual neck”

Fig 6. MR imaging of the wide-necked aneurysm with a loop
of coil into the parent artery. The loop is difficult to recognize
on MIP view (A) and on source images (B; arrow). 2D-DSA
imaging (C ) is closely concordant with the reference (D ).

Table 8: Difference of therapeutic decision depending on the
acquisition mode

IRM Additional
Treatment Decision 2D-DSA

TotalFrequency Percentage Yes No
Yes 3 1 4

4.69 1.56 6.25
No 6 54 60

9.38 84.38 93.7
Total 9 55 64

14.06 85.9 100
Frequency Missing � 4
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was not reliable with either method of evaluation. 2D-DSA
analysis led to more repeat treatments than 3D-TOF analysis.

This study confirms the need for angiographic control in
the postoperative follow-up of coiled aneurysms according to
the high level of concordance in complete treatment evalua-
tion and stresses, at the same time, the benefits of MR imaging
in the detection of partially treated aneurysms.
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Fig 7. Narrow-necked aneurysm (filling 70%– 80%, “residual
neck,” no silicon protrusion on the reference). A, MR imaging
showing the residual neck (white arrow ) and the loss of
signal intensity around the packing (black arrows ). B, 2D-DSA
imaging of the same aneurysm.

Fig 8. A, Narrow-necked aneurysm in 3D-TOF. Loss of signal
intensity is observed in the aneurysm sac because of dis-
turbed flow predominant in the center and proximal border of
the sac and neck. B, The same aneurysm coiled with a 20%
VER without silicon. Coils cause a major disturbance in the
flow and a major loss of signal intensity explaining the
overestimation of filling with 3D-TOF evaluations.
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