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CLINICAL STUDY

Effectiveness of MRA on embolized
Intracranial aneurysms: a comparison of
DSA, CE-MRA, and TOF-MRA

Ally Mohamed Qassim'?, Sheng Guan®”, Halfan Saidi Ngowo?®,
Binghui Liu?, Haowen Xu?

ABSTRACT

Purpose: The endovascular treatment of intracranial aneurysms was proven safe and effective compared to the
alternative method of surgical clipping, despite the high recurrence rate. Follow-up of embolized intracranial
aneurysms is mandatory for the early detection of recurrence and improved outcomes. DSA is used as the reference
standard for this assessment. To determine the effectiveness of MRA in follow-up evaluations of intracranial
aneurysms after embolization by comparing DSA, CE-MRA, and TOF-MRA.

Materials and Methods: Sixty-eight consecutive patients undergoing DSA, TOF-MRA, and CE-MRA during an
interval of <1 week were enrolled in this 6-month study. Images were evaluated for occlusion status, patency of the
parent vessels, and artifacts. The modified Raymond-Roy occlusion classification and Aneurysm Embolization
Grades were used to assess the occlusion status and initial DSA images for detection of recurrence in two filtered
study phases with optimized selection criteria. Seventeen observers (phase I: 9, phase II: 8) independently
interpreted the double-blinded images. Agreement was expressed with a Fleiss kappa value; p < 0.05 was
considered significant.

Results: This study included 68 patients with 77 aneurysms; 38 (49.35%) were treated with coil alone and 39
(50.65%) with stent-assisted coiling. In both phases, DSA was superior to TOF-MRA and CE-MRA using MRRC
(Phase I: k =0.567, p < 0.001; k=0.287, p < 0.001; k =0.117, p < 0.001, respectively; Phase II: k = 0.503, p < 0.001;
k = 0.303, p < 0.001; k = 0.115, p = 0.038, respectively). TOF-MRA was as effective as DSA (TOF: k = 0.335, p <
0.001; DSA: k =0.323, p < 0.001) for recurrence detection.

Conclusion: We suggest TOF-MRA as a first-line follow-up tool to detect aneurysm recurrence, and DSA to quantify
the filling space to make a definite decision on re-embolization.
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INTRODUCTION

Since the publication of ISAT studies, endovascular
management of unruptured and less complicated
ruptured intracranial aneurysms (IAs) have become

the treatment of choice over surgical management (1).

This treatment has proven safe and effective despite
having a high recurrence rate of 15-50% (2-5). Thus,
follow-up of embolized IAs (EIAs) is mandatory to
detect recurrence in early stages and improve
outcomes. The ultimate goal of coil embolization is to
promote thrombosis of the aneurysm sac and
vascular remodeling across the neck (5). To achieve
that goal and a good treatment outcome, several

measures must be assessed and achieved. Among
the most important measures are the degree of
aneurysm occlusion after treatment, predictors of
recurrence (recanalization), and predictors of
bleeding and re-bleeding (4).

There are several classification systems in the
literature that describe the appearance of the
aneurysm and/or remnant filling after endovascular
treatment of intracranial aneurysms. Roy et al. (6) and
Raymond et al. (3) developed the Raymond-Roy
occlusion classification (RROC): class 1 is complete
obliteration, class 2 is residual neck, and class 3 is
residual aneurysm.

As not all RROC-3 occlusions behave similarly,
Mascitelli et al. (7) developed the modified
Raymond—-Roy classification (MRRC) to supplement
the original RROC. The MRRC dichotomizes RROC
class 3 occlusions into class 3a (residual aneurysm
with contrast within the coil interstices) and class 3b
(residual aneurysm with contrast along the aneurysm
wall, neck, and wall of the sac). Stapleton et al. (4)
conducted a validation of the MRRC using a
retrospective cohort of EIAs and concluded that
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MRRC is more useful than RROC for aneurysm
assessment.

More clinical studies have shown an association of
aneurysm recurrence with either homodynamic
angiographic characteristics or aneurysm
characteristics. In 2007, Deshaies et al. (8) proposed
the Aneurysm Embolization Grade (AEG) as a tool for
predicting aneurysm recurrence based on specific
hemodynamic angiographic characteristics seen
immediately after embolization. In 2013, Singla et al.
(5) reported an internal validity study to evaluate the
AEG described in Deshaies’s study and speculated
that non-invasive imaging cannot  assess
hemodynamic characteristics within the aneurysm as
DSA can. This system includes classes AEG A (no
filling of the aneurysm neck or dome), AEG B
(contrast stasis in the neck, no filling of the dome),
AEG C (contrast stasis in the neck and dome), AEG
D (contrast flow in the neck, no filling of the dome),
and AEG E (contrast flow in the neck and dome).
Classes AEG D and E are more predictive of
recurrence (5, 8). While the AEG system accounts for
contrast stasis, it does not account for contrast
location within the aneurysm dome as MRRC does
.

DSA remains the gold standard for the identification
and follow-up of clinically significant EIAs (9, 10).
However, it is an invasive procedure with possible
complications (11-14); a noninvasive angiographic
method is desirable. Brain MRA performed while the
patient is breathing freely and without the need for
anesthesia has reached sufficient technical maturity
to allow more widespread application of a
standardized protocol. MRA meets all of the following
criteria (15): Acceptable to the community, Feasible,
Affordable [compared to DSA], Sustainable, and Safe
to use with minimal contraindications and
non-invasive (AFASS). Therefore, we conducted a
study to determine the effectiveness of MRA for the
follow-up evaluation of |As after embolization by
comparing DSA, CE-MRA, and TOF-MRA. We
hypothesized that MRA could be used for follow-up
evaluation of |As after endovascular therapy to
assess the embolization status and to help detect
aneurysm recurrence. DSA was our reference test;
CE-MRA and TOF-MRA were evaluated as index
tests.

We assessed both CE-MRA and TOF-MRA for
several reasons. First, some authors have reported
that CE-MRA is better able to detect and accurately
characterize embolized intracranial aneurysms (16).
Second, others reported no significant differences
between the modalities in the assessment of
post-embolized intracranial aneurysms (17, 18).
Finally, we wanted to evaluate both MRA techniques
rather than a single technique to obtain more
unequivocal results that might more clearly affect
daily clinical practice.

MATERIALS AND METHODS
Study setting

A prospective cohort study including patients
admitted to the Interventional Neuroradiology
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Department of the First Affiliated Hospital of
Zhengzhou University was conducted. Patients were
prospectively and consecutively selected and enrolled.
DSA images of each patient acquired during the
treatment of embolization of an intracranial aneurysm
were retrospectively downloaded from the hospital
PAC system and compared with current DSA,
CE-MRA, and TOF-MRA images.

The inclusion criteria were: patients were
admitted for follow-up of ElAs, patients were treated
using the endovascular approach, and all
angiographic methods were performed within an
interval of < 1 week using the same machines.
Exclusion criteria were: absence of initial/treatment
DSA images (0), absence of MRA images (performed
DSA only) (39), treatment with flow diverters (1),
treatment with surgical clipping (2), and unavailability
of image(s) in the PAC system (2). Our Institutional
Review Board approved this study; written informed
consent was obtained from all patients.

Between November 2015 and May 2016 (6
months), 112 patients were admitted for EIA follow-up.
Only 68 patients meet all the inclusion criteria and
were assessed in the initial phase (Phase 1) of this
study.

Image acquisition
Digital Subtraction Angiography Imaging

Intra-arterial DSA was performed using a biplane
angiographic system (Philips, Allura, Xper, FD 20,
Philips Healthcare, Amsterdam, the Netherlands). All
DSA imaging was performed under general
anesthesia. The following standard projections were
obtained: anteroposterior, lateral, oblique, working
views, and 3D images. Rotational angiograms were
acquired within a single C-arm rotation of LAO 120
degrees to RAO 120 degrees [240 degrees] over 4.2
s. In other projections, the C-arm was at the
maximum angle of approximately LAO 120 degrees
and RAO 179 degrees. Selective injections of the
internal carotid artery (ICA) or vertebral artery (VA)
were performed according to the aneurysm location
using transfemoral catheterization. For ICA, 7-8 mL
of non-ionic contrast agent (iodixanol, Visipaque™,
GE Healthcare, Oslo, Norway) was injected at a rate
of 3-4 mL/s and a pressure of 300 psi. For the VA,
6—7 mL was injected at a rate of 2-3 mL/s and a
pressure of 300 psi using an injector (MedRad, Mark
V ProVis®, MEDRAD, USA).

Magnetic Resonance Angiography Imaging

MRA examinations were performed on a 3.0T
Siemens magnet (Skyra, Siemens Medical Systems,
Erlangen, Germany). Both TOF-MRA and CE-MRA
were performed in the same imaging session using
optimized parameters. TOF-MRA used the following:
TE, 3.43 ms; TR, 21.0 ms; flip angle, 18 degrees;
total acquisition time, 3:19 min; number of slabs, 3;
slices per slab, 36; section thickness, 0.80 mm; FOV
read, 220 mm; rectangular field of view (FOV phase),
90.6%; acquisition matrix, 0.87 x 0.57 x 1.60 mm;
reconstructed voxel size, 0.3 x 0.3 x 0.8 mm.
CE-MRA used the following: TE, 1.26 ms; TR, 3.39
ms; flip angle, 25 degrees; total acquisition time, 0:21
min; number of slabs, 1; slices per slab, 144; section
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thickness, 0.80 mm; FOV read, 250 mm; rectangular
field of view (FOV phase), 81.3%; acquisition matrix,
0.89 x 0.71 x 1.33 mm; reconstructed voxel size, 0.7
x 0.7 x 0.8 mm. CE-MRA randomly sampled the
central k-space during venous injection of a
gadolinium-based contrast agent at a dose of 0.1
mmol/kg (0.2 mL/kg) body weight. A bolus of 15-20
mL was used, followed by 20 mL saline at a rate of
1.5-2.0 mL/s and a maximum pressure of 325 psi for
23 s, with scopic-based detection of the bolus (phase
contrast survey), using an MRI-compatible
power-injector (Medrad® Spectris Solaris® EP MR
Injection System, MEDRAD Medizinische Systeme
GmbH, Volkach, Germany).

Image Reconstruction

All observers independently assessed the source
images for both MRA modalities while knowing the
number and location of the embolized aneurysms.
The CE-MRA images included pre- and post-contrast
sequences. The maximum intensity projections (MIPs)
were present in all MRA image sequences, but
observers were discouraged from using MIP for
assessment due to signal loss. For DSA, the following
standard projections were obtained: anteroposterior,
lateral, oblique, working views, and 3D images.
Image Interpretation and Blinding Method

Each diagnostic modality was evaluated separately
and independently by 17 experienced
neuroradiologists  (observers, 4-27 years of
experience). Each observer interpreted the images of
each patient in his or her group (MRA or DSA).

The study was staged in two phases (phase | and
phase Il) as a continuation of the outcome of interest:
detection of aneurysm recurrence. Different methods
of bias reduction were considered. First, each
observer interpreted the images independently.
Second, a comprehensive double-blinding method
was used. Third, seminars on how to complete the
forms (checklists) and image interpretations were
conducted for each phase. Fourth, consent and an
oath of confidentiality were obtained from all
observers before image interpretation. Fifth, each
observer received the images for the respective group
on a pen drive. Sixth, all observers were requested to
use their personal computers for image interpretation.
Seventh, all observers received “RadiAnt DICOM
viewer” software for image interpretation. Eighth,
observers were allowed 4 weeks for interpretation in
each phase. Ninth, optimized selection criteria were
used to select phase Il candidates from phase I.
Tenth, only statistical inter-observer agreement
(kappa statistics) was used to assess the consensus
among members within a group (inter-observer
agreement) and among groups (inter-modality
agreement). Last, an independent statistician not
affiliated with the hospital or the county analyzed the
results.

A comprehensive double-blinding method was used.
Observers from the MRA group were blinded to DSA
images in both phases. Observers in the same group
interpreted the images independently. The observers
in phase | were different from those in phase Il. Each
group included members from different hospitals and
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departments. The observers within each group were
mixed; the MRA group had members from different
hospitals and departments, as did the DSA group.
Neuroradiologists who performed the endovascular

treatments were not involved in MRA image
interpretation in phase Il.
Phase |

Phase | of image interpretation included 9
observers: 5 in the MRA group and 4 in the DSA
group.

The assessment tools used for each diagnostic
modality were: MRRC, patency of parent vessels, no
stenosis, mild stenosis (< 50%), moderate stenosis
(50-69%), severe stenosis (70-99%), and occlusion
(100%). The presence of artifacts in the images was
classified as: no (absence of artifacts), minor (the
artifacts did not inhibit image interpretation), or major
(the artifacts inhibited image interpretation).
Selection Criteria for Phase |l
Interpretation

To our knowledge, no study has used a staging
method. Therefore, there are no standard criteria for
selection of candidates from one phase for inclusion
in another. We used the following criteria for the
selection of candidates for phase Il: One, patients
were classified as Class 2 or more [Class 2, 3a, or 3b]
by 2 or more observers on TOF or CE-MRA; Two,
patients were classified as Class 2 or more by 3 or
more observers on both TOF and CE-MRA; Three,
patients were classified as Class 2 or more by 2 or
more observers on DSA. Two or more observers
assessed the precision strength between the
independent observers in clusters using statistical
inter-observer agreement for consensus.

Phase Il

Phase Il image interpretation included 8 observers:
5 in the MRA group and 3 in the DSA group.
Forty-seven patients with 48 EIAs were selected for
phase Il.

The MRA group members were given follow-up
TOF-MRA and CE-MRA images and initial DSA
images for interpretation. DSA group members were
given initial and follow-up DSA images for
interpretation. The MRRC and AEG systems were
used for follow-up and initial DSA image interpretation,
respectively.

The comparison of the two assessment tools was
used to differentiate remnant from recurrence and to
determine the aneurysm status in terms of detection
of recurrence. Recurrence was defined as any
increase in the size of the remnant and/or a change in
the classification of the anatomic result (initial class)
to a higher class (4). The aneurysms were classified
as: absent (no recurrence), minor recurrence (very
small, the size would theoretically not permit
re-treatment with coils), and major recurrence
(saccular, the size would theoretically permit
re-treatment with coils) (3).

The criteria used to determine aneurysm status as
recurrence based on MRRC classification of the
follow-up images and AEG classification of the initial
images were as follows: Class 1 and any grade (A, B,
C, D, or E) was absent; class 2 and grade B or D was

Image
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absent (stable), or was recurrence if the size of the
remnant increased; class 2 and grade C was
recurrence, class 2 and grade E was absent, (stable)
or was recurrence if the size of the remnant increased;
class 3a and grade B or D was recurrence; class 3a
and grade C or E was absent, (stable) or was
recurrence if the size of the remnant increased; class
3b and grade B, C, D, or E was recurrence; class 3b
and grade E was absent; class 2, 3a, or 3b and grade
A was recurrence. Recurrence was classified as
minor or major based on the theoretical size, as
explained above.
Statistical Analysis

All statistical analyses were performed using the R
Statistical Package (version 3.3.2 (2016-10-31)). All
probability values were two-sided. A probability value
of 0.05 (95% confidence interval) was considered
significant . The levels of inter-observer and inter-
modality agreement for evaluation of the
angiographic images were analyzed using weighted
kappa (k) statistics . As more than 3 observers were
used for image interpretation, Fleiss kappa was used.
The interpretation of kappa was: < 0, no agreement
or poor agreement; 0—-0.20, slight agreement; 0.21-0.
40, fair agreement; 0.41-0.60, moderate agreement
; 0.61-0.80, substantial agreement ; 0.81-1.00,
almost perfect agreement (19).

RESULTS

In the initial phase, 68 patients with 77 intracranial
aneurysms were included in a 6-month prospective
study of the follow-up of intracranial aneurysms after
embolization. There were 42 (61.76%) females and
26 (38.24%) males aged 28-69 years, with a mean
age of 53.58 + 1.28 years. Forty-seven patients with
48 EIAs were selected for phase Il. During follow-up,
all  patients underwent imaging with three
angiographic diagnostic modalities within less than
one week. Of the 77 aneurysms, 38 (49.35%) were
treated by coil alone and 39 (50.65%) were treated by
stent-assisted coiling.

Inter-observer and inter-modality agreement were
analyzed using statistical methods to avoid biases
that might affect the strength of the study.
Inter-observer and Inter-modality Agreement
in Phase |

The agreements were calculated using Fleiss
kappa statistics as described above. The kappa value
and p-value show the strength of agreement. The
paradoxical weighted kappa is the statistical
discrepancy between the unadjusted level of
agreement (quantified by the p-value) and the kappa
value (20), in which there is high agreement and low
kappa value (21). The paradox kappa is primarily due
to poor precision and good accuracy among
independent observers of the same group, and is
usually associated with Fleiss kappa (21).
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Fleiss kappa has low bound values compared to
other multi-rater kappas (21, 22). We used the
p-value to define significant agreement in all
paradoxes.

The inter-observer and inter-modality agreements
in phase | are shown in Tables 1 and 2, respectively.
The findings revealed substantial to moderate
agreement of the observers in the assessment of
DSA images using MRRC to evaluate aneurysm
occlusion status; the inter-modality (average) was
moderate significant agreement (k = 0.567, p < 0.001).
The CE-MRA had no to fair agreement when MRRC
was used to evaluate aneurysm occlusion status; the
average was slight significant agreement (k = 0.117,
p < 0.001). There was fair to moderate agreement
among observers for the usefulness of TOF-MRA for
the evaluation of aneurysm embolization status using
MRRC; the average was fair significant agreement (k
= 0.287, p < 0.001). Analysis of the calculated kappa
values indicated that DSA was superior to both
TOF-MRA and CE-MRA, and TOF-MRA was superior
to CE-MRA (DSA > TOF-MRA > CE-MRA). All
modalities were significant (p < 0.001) in clinical
practice.

The results of the parent vessel patency
assessment tool revealed no to substantial observer
agreement in the interpretation of DSA images for
evaluation of parent vessel patency, with an average
of fair significant agreement (k = 0.287, p < 0.001).
CE-MRA had no to slight agreement, with an average
of slight significant agreement (k = 0.079, p < 0.001).
However, it had a no to fair range of agreement
among observers evaluating its usefulness on
TOF-MRA, with an average of slight significant
agreement (k = 0.164, p < 0.001). No observer
interpreted moderate stenosis on DSA images.
Nevertheless, the consensus of the observers for CE-
and TOF-MRA was almost similar, with slight
nonsignificant agreement (k = 0.009, p = 0.801; k =
0.02, p = 0.584, respectively). There was substantial
significant agreement among all observers when
using DSA images to interpret occlusion (k = 0.797, p
< 0.001), and strong disagreement when using MRA
to determine vessel occlusion. Analysis of the
calculated kappa values revealed that DSA was
superior to both TOF-MRA and CE-MRA, while
TOF-MRA was superior to CE-MRA (DSA >
TOF-MRA > CE-MRA). All modalities were significant
(p <0.001) in clinical practice.

DSA demonstrated highly significant usefulness
among observers for the identification of images with
no artifact (k = 0.202, p < 0.001) and major artifact (k
=0.329, p £0.001), while CE-MRA was useful for the
expression of minor artifacts (k = 0.953, p < 0.05).
TOF-MRA images were less likely to have artifacts (k
=0.9, p<0.05).
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Table 1 Inter-observer agreement of phase | patients

DSA CE-MRA TOF-MRA
kappa z-value p-value® kappa z-value p-value® kappa z-value p-value®

MRRC

Class 1 0.666 14.32 <0.001 0.178 4.836 <0.001 0.314 0.552 <0.001

Class 2 0.504 10.829 <0.001 -0.025 -0.683 0.495 0.229 6.234 <0.001

Class 3a 0.489 10.503 <0.001 0.022 0.592 0.554 0.095 2.59 <0.05

Class 3b 0.429 9.214 <0.001 0.228 6.213 <0.001 0.53 14.417 <0.001
Vessel patency
No stenosis 0.276 5.929 <0.001 0.147 4.003 <0.001 0.205 5.568 <0.001
Mild stenosis -0.023 -0.5 0.617 -0.027 -0.73 0.466 0.115 3.118 <0.05
Moderate stenosis 0.009 0.252 0.801 0.02 0.548 0.584
Severe stenosis 0.215 4.612 <0.001 0.168 4.579 <0.001 0.222 6.047 <0.001
Occlusion 0.797 17.124 <0.001 -0.028 -0.756 0.450 -0.019 -0.525 0.6
Artifacts

No 0.202 4.338 <0.001 0.036 0.992 0.321 0.09 2.445 <0.05

Minor 0.075 1.614 0.107 0.093 2.543 <0.05 0.064 1.749 0.08

Major 0.329 7.071 <0.001 0.061 1.659 0.097 -0.005 -0.148 0.882

Abbreviations: DSA, digital subtraction angiography; CE-MRA, contrast-enhanced magnetic resonance angiography; TOF-MRA, time-of-flight
magnetic resonance angiography; MRRC, modified Raymond-Roy occlusion classification.

? Statistically significant p-value used was <0.05.

Table 2 Inter-modality agreements for phase | included patents.

Variables <{appa Z-value >.value®
MRRC

DSA 0.567 16.8 <0.001

CE-MRA 0.117 4.91 <0.001

TOF-MRA 0.287 12.2 <0.001
Vessels patency

DSA 0.287 8.6 <0.001

CE-MRA 0.0789 3.33 <0.001

TOF-MRA 0.164 6.81 <0.001
Artifacts

DSA 0.157 3.75 <0.001

CE-MRA 0.063 2.17 <0.05

TOF-MRA 0.0742 2.14 <0.05

DSA, indicates for Digital Subtraction Angiography; CE-MRA, Contrast-enhanced Magnetic resonance angiography; TOF-MRA, Time of flight Magnetic

resonance angiography; MRRC, Modified Raymond-Roy occlusion classification.

? Statistically significant p-value used was <0.05.

Inter-observer and Inter-modality Agreement
in Phase Il

Independent observers blinded to phase | results
were used to confirm the MRRC classification of
selected patients. There was slight to substantial
agreement in the DSA group; the use of DSA in the
diagnosis of class 1, 2, and 3b aneurysm occlusion
status was highly significant. The TOF-MRA group
had slight to moderate agreement, with significance
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similar to DSA, while the CE-MRA group had
nonsignificant agreement. Thus, TOF-MRA (k = 0.303,
p < 0.001) was superior to CE-MRA (k = 0.115, p =
0.038), while DSA (k = 0.503, p < 0.001) continued to
be the reference method for EIA assessment even
when using MRRC classification. Tables 3 and 4
include details of phase Il inter-observer and
inter-modality agreement, respectively.
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Figure 1. Case of a stable remnant (no recurrence). (A) Patient with a left middle cerebral artery (MCA) aneurysm (AEG grade C) treated with coil
alone. (B) A DSA image obtained immediately after treatment shows a neck remnant (arrow) intentionally left to supply the branch artery. (C) DSA,
(D-E) TOF-MRA and, (F) CE-MRA images obtained 9 months after treatment indicated the neck remnant was stable (no increase in size, thick arrows).
Many observers interpreted the aneurysm as a class 2 on each imaging modality, but there was very strong agreement among observers for the

interpretation of the TOF-MRA images.

Among the three observational groups, the
TOF-MRA group had a higher agreement for
assessment of the initial DSA images using AEG than
the DSA and CE-MRA groups. However, the DSA
group detected grades A and E more precisely (k =
0.713, k = 0.427, respectively).

Detection of recurrence revealed: the TOF-MRA
observers were better able to detect absent, minor,
and major recurrence of aneurysms (Figure 1).
However, DSA observers were able to more precisely
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exclude recurrence (k = 0.407) compared to either
MRA modality (TOF-MRA: k = 0.289; CE-MRA: k =
0.036). All observers were able to detect major
recurrences with moderate precision (DSA: k = 0.468;
TOF-MRA: k = 0.486; CE-MRA: k = 0.534) (Figure 2).
TOF-MRA was as effective as DSA (TOF: k = 0.335:
p £ 0.001; DSA: k = 0.323, p = 0.001) for the
detection of recurrence of EIAs, although all
modalities were clinically very useful.
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Figure 2. Exemplary case of major recurrence due to coil compaction. A patient with a left internal carotid artery (ICA) aneurysm (AEG grade C)
embolized with a coil alone. (A-B) DSA images obtained immediately after treatment show complete aneurysm occlusion with a thrombus at the neck
of the aneurysm (arrows), the contrast material visualized during the capillary and (B) early venous phases. (C-D) DSA images obtained 22 months
after treatment showed an increase in the neck remnant and a newly formed dome wall remnant (class 3b); the coils are highly compacted (thick
arrows). (E) TOF-MRA and (F) CE-MRA images obtained at the same time as the DSA images show class 3b flow residue (arrow heads). Note: a
small coiled aneurysm beside the large aneurysm is located on the right ICA and shows complete stable occlusion.

Table 3 Inter-observer agreement for the detection of recurrent aneurysms in phase I

DSA group CE-MRA group TOF-MRA group
kappa z-value p-value® kappa z-value p-value® kappa z-value p-value®

MRRC confirmation”

Class 1 0.682 7.661 <0.001 0.085 0.947 0.344 0.395 6.270 <0.001

Class 2 0.572 6.423 <0.001 0.054 0.597 0.550 0.371 5.893 <0.001

Class 3a 0.142 1.597 0.110 0.143 1.583 0.114 0.107 1.702 0.089

Class 3b 0.228 2.560 0.010 0.148 1.640 0.101 0.274 4.357 <0.001
AEG grade®

Grade A 0.713 8.005 <0.001 0.073 0.814 0.416 0.274 4.357 <0.001

Grade B 0.132 1.485 0.137 -0.034 -0.373 0.709 0.130 2.059 0.039

Grade C 0.131 1.471 0.141 -0.016 -0.178 0.858 0.287 4.557 <0.001

Grade D -0.125 -1.403 0.161 0.170 1.882 0.060 0.268 4.250 <0.001

Grade E 0.427 4.796 <0.001 0.214 2.375 0.018 0.236 3.744 <0.001
Recurrence detection

Absent 0.407 4.569 <0.001 0.036 0.397 0.691 0.289 4.588 <0.001

Minor 0.082 0.916 0.359 -0.033 -0.363 0.716 0.287 4.557 <0.001

Major 0.468 5.255 <0.001 0.534 5.923 <0.001 0.486 7.711 <0.001

Abbreviations: DSA, digital subtraction angiography; CE-MRA, contrast-enhanced magnetic resonance angiography; TOF-MRA, time-of-flight
magnetic resonance angiography; MRRC, modified Raymond-Roy occlusion classification
& Statistically significant p-value used was <0.05.

® second assessment of selected patients from phase | to confirm the occlusion status of aneurysms in blinding methods.
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Table 4 Inter-modality agreements for detection of recurrent aneurysm, observed in phase Il of the study.

Variables kappa z-value p-value®
MRRC confirmation®
DSA 0.503 8.56 <0.001
CE-MRA 0.115 2.08 0.0377
TOF-MRA
0.303 8.2 <0.001
AEG grades
DSA 0.362 7.16 <0.001
CE-MRA 0.115 2.26 0.024
TOF-MRA 0.246 7.44 <0.001
Recurrence detection
DSA 0.323 4.93 <0.001
CE-MRA 0.132 2.01 0.0446
TOF-MRA
© 0.335 7.23 <0.001

DSA, indicates for Digital Subtraction Angiography; CE-MRA, Contrast-enhanced Magnetic resonance angiography; TOF-MRA, Time of flight Magnetic

resonance angiography; MRRC, Modified Raymond-Roy occlusion classification.

*Statistically significant p-value used was <0.05.

Psecond assessment of selected patients from phase | to confirm the occlusion status of aneurysms in blinding methods.

DISCUSSION

Although several studies on the effectiveness of
MRA in comparison to DSA for the follow-up
evaluation of EIAs have been published, the data in
this study are the first to include randomly selected
patients, 17 observers to interpret angiographic
images in a comprehensive double-blinded manner,
and filtered phases. Also, this may be the first study to
describe the aneurysm embolization status on MRA
images using MRRC, and to clearly detect aneurysm
recurrence using MRRC classification on follow-up
angiographic images in comparison to AEG
classification of the initial DSA images.

To our knowledge, this is the only study that used
Fleiss kappa statistics to assess the variability among
the observers and modalities due to the involvement
of more than three observers in each stage of the
study. Kappa is affected by the prevalence and the
number of observers (20). Most studies used Cohen’s
kappa statistic (23) for less than three observers, and
the multi-rater derivative Hubert kappa for more than
three observers (22).

DSA has been the traditional reference standard
imaging modality for the assessment of aneurysm
status  during follow-up after  endovascular
management (17, 24, 25). However, DSA has been
replaced by non-invasive angiographic modalities for
EIA assessment and the detection of recurrence
without a standard guideline during long-term
follow-ups (17, 24, 25).

The present study used DSA as a reference
standard to evaluate the diagnostic impact of two
different MRA techniques on treatment decisions, and
focused on changes in clinical practice.

Our study revealed that TOF-MRA is superior to
CE-MRA for the evaluation of EIAs using MRRC.
Similar findings were reported by a study using
another aneurysm occlusion classification method (26)
to evaluate ElIAs on MRA. In contrast, several authors
have reported the superiority of CE-MRA over

TOF-MRA for EIA evaluation (18, 27, 28). Moreover,
TOF-MRA has a high spatial resolution and
signal-to-noise ratio, which increases the clarity of
images compared to CE-MRA (29, 30). DSA has
higher agreement on vessel evaluation than
TOF-MRA or CE-MRA, which may be due to the high
quality of vessel visualization (31).

Medical imaging artifacts are the most common
cause of misinterpretation of images and
misdiagnosis (32, 33). According to our study, the
DSA images of some patients had major artifacts,
which might lead to misinterpretation of images and
decrease the diagnostic accuracy. The metal artifacts
in DSA can be reduced using high-resolution C-arm
CT (34, 35) and an increased volume of contrast
media (36). In our study, most images demonstrated
artifact-free DSA and TOF-MRA images. Minor
artifacts were visible in CE-MRA images. This was
different from other reports, in which CE-MRA images
were free of artifacts compared to TOF-MRA images
(29). The most important mechanisms for artifact
formation are the interference of metal-induced field
disturbances, intra-voxel dephasing leading to signal
loss in areas of strong local magnetic fields around
the metallic implant (33), and motion artifacts (37).

In our results, TOF-MRA images were more
significant than DSA or CE-MRA for detection of
absent, minor and major recurrence of aneurysms. In
a meta -analysis , Amerongen et al. (17) reported
similar results . This may be explained by the
observers ' overestimation due to a T1-hyperintense
thrombus within aneurysms on TOF-MRA images (38
), and the presence of the helmet phenomenon, which
usually affects DSA images (39). It is also contrary to
other studies that reported CE-MRA to be superior to
DSA alone (40) and to both DSA and TOF-MRA (27,
41).

Furthermore, the current study described the ability
of DSA to precisely exclude recurrence compared to
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both MRA techniques. However, all angiographic
modalities were moderately precise in the detection of
major recurrences.

In addition, a well-trained and experienced
observer was also an important factor in the
diagnostic accuracy of image interpretation. Higher
agreement was observed among images interpreted
by experienced observers compared to less
experienced observers (42, 43). The observers in our
study had a wide range of experience, which might be
a reason for the high discrepancies among observers
in the same group, and may have caused low
precision and decreased agreement. This can also
explain the disagreement among observers in the
interpretation of a new AEG grade in initial DSA
image assessment and MRRC in MRA images.

This study has several limitations. It was a
single-centered, short-term, prospective study. The
observers had a wide range of experience, and there
were Fleiss kappa paradoxes due to the many
independent observers and categories.
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