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Abstract
Background  Treated aneurysms must be followed 
over time to ensure durable occlusion, as more than 
20% of endovascularly treated aneurysms recur. While 
digital subtraction angiography (DSA) remains the gold 
standard, magnetic resonance angiography (MRA) 
is attractive as a non-invasive follow-up technique. 
Two different MRA techniques have traditionally been 
used: time-of-flight (TOF) and contrast-enhanced (CE) 
MRA. We analysed data from studies comparing MRA 
techniques with DSA for the follow-up of aneurysms 
undergoing endovascular treatment. Subgroup analysis 
of stent-assisted coiling (SAC) and flow diversion (FD) 
techniques was completed.
Methods  Comprehensive searches using the Embase, 
PubMed, and Cochrane databases were performed 
and updated to November 2018. Pooled sensitivity and 
specificity were calculated using aneurysm occlusion status 
as defined by the Raymond–Roy occlusion grading scale.
Results  The literature search yielded 1579 unique 
titles. Forty-three studies were included. For TOF-MRA, 
sensitivity and specificity of all aneurysms undergoing 
endovascular therapy were 88% and 94%, respectively. 
For CE-MRA, the sensitivity and specificity were 88% 
and 96%, respectively. For SAC and FD techniques, 
sensitivity and specificity of TOF-MRA were 86% and 
95%, respectively. CE-MRA had sensitivity and specificity 
of 90% and 92%.
Conclusion  MRA is a reliable modality for the follow-
up of aneurysms treated using endovascular techniques. 
While the data are limited, MRA techniques can also 
be used to reliably follow patients undergoing FD and 
SAC. However, clinical factors must be used to optimize 
follow-up regimens for individual patients.

Introduction
Intracranial aneurysms have a global prevalence of 
approximately 3%.1 Aneurysm-related morbidity 
and mortality primarily arises from their rupture (or 
re-rupture), and treatment strategies aim to secure 
aneurysms to eliminate this risk. Endovascular 
treatment of intracranial aneurysms has evolved 
significantly over the last decade and now includes 
coil occlusion, with or without stent assistance, as 
well as parent vessel reconstruction using flow-di-
verting stents. Treated aneurysms must be followed 
over time to ensure durable occlusion as more than 
20% of endovascularly treated aneurysms recur, 
with 9% requiring retreatment.2 

While digital subtraction angiography (DSA) 
remains the gold  standard test for diagnosis of 
aneurysm recurrence, it is an invasive imaging tech-
nique with several associated risks. These include 
the risks of ionizing radiation exposure, nephro-
toxicity from iodine-based contrast agents, cerebral 
thromboembolism, as well as iatrogenic arterial 
damage. Reported rates of neurological compli-
cations are 0.34–1.3%.3 4 Since durability of the 
aneurysm treatment must be confirmed over time, 
requiring multiple diagnostic studies, the risks asso-
ciated with DSA follow-up are amplified. Higher 
costs associated with DSA are also relevant in this 
context, and must be accounted for in devising 
follow-up regimens.5

Magnetic resonance angiography (MRA) has 
been used in the follow-up of endovascularly 
treated cerebral aneurysms as it is a non-invasive 
technique and reduces some of the risks associated 
with serial DSA examinations. Two different MRA 
techniques have traditionally been used: time-of-
flight (TOF) and contrast-enhanced (CE) MRA. Of 
these, TOF-MRA has the advantage of not requiring 
intravenous contrast agent administration.

While meta-analyses have previously assessed 
the diagnostic performance of MRA techniques 
compared with DSA, these have been limited by the 
quality of the data.6 Furthermore, no studies have 
previously assessed the diagnostic quality of MRA in 
cases of stent-assisted coiling or flow diversion. The 
most recent of these have been the meta-analyses 
by van Amerongen et al7 and Menke et al.8 Both 
authors conclude that MRA has moderate-to-high 
diagnostic performance when compared with DSA. 
However, the body of evidence has since increased. 
Furthermore, studies assessing stent-assisted coiling 
and flow diversion have also been performed.

Our meta-analysis aims to include newer 
studies, with a significant increase in the available 
cases analyzed, and include available evidence 
on stent-assisted coiling and flow  diversion cases 
as these techniques become increasingly used by 
neurointerventionalists.

Methods
Study acquisition
We carried out comprehensive database searches 
using the Embase, PubMed, and Cochrane data-
bases. The search was updated to November 29, 
2018.
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Figure 1  Study inclusion flow diagram.

Study inclusion
Acquired studies were screened for appropriateness for inclu-
sion in the meta-analysis. The titles and abstracts were used 
to exclude studies that did not compare MRA and DSA in the 
evaluation of endovascularly treated aneurysms. Review articles, 
meta-analyses, conference abstracts, comments, and editorials 
were also excluded. For the remaining articles, full-text versions 
were obtained and analysed for inclusion. Inclusion criteria 
were: (1)  studies comparing at least one MRA technique and 
DSA for the evaluation of aneurysms treated using an endovas-
cular approach; (2) studies that used a Raymond–Roy or compa-
rable grading scale to assess aneurysm occlusion; and (3) studies 
that provided suitable data to construct 2×2 contingency tables.

Data acquisition
Included studies were searched for occlusion status data for the 
meta-analysis. Further data for qualitative and subgroup anal-
ysis were also acquired, including number of patients, aneu-
rysms, and studies included, patient age, time to follow-up, 

time between follow-up modalities, and modality specifics (MRI 
magnetic field strength, 2D vs 3D DSA).

Study quality
Methodological quality of the included studies was assessed 
using the Grades of Recommendation, Assessment, Develop-
ment, and Evaluation (GRADE) method.9–18 Specific care was 
taken to apply the GRADE criteria to studies of diagnostic test 
accuracy.18 The assessment was done by consensus between the 
researchers.

Data analysis
Studies were included if they provided data regarding accu-
racy of MRA for detecting residual aneurysmal flow, as defined 
using the Raymond-Roy or a comparable scale. These data were 
used to construct 2×2 contingency tables. Meta-DiSc software 
(http://www.​hrc.​es/​investigacion/​metadisc_​en.​htm) was used for 
statistical analysis. Pooled sensitivity and specificity with 95% 
confidence intervals were calculated and subgroup analyses were 
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Table 1  Sensitivity and specificity for time-of-flight magnetic resonance angiography (TOF-MRA) and contrast-enhanced (CE)-MRA versus digital 
subtraction angiography (DSA)

TOF-MRA CE-MRA

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive LR
(95% CI)

Negative LR
(95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive LR
(95% CI)

Negative LR
(95% CI)

Recanalization 0.88
(0.86 to 0.90)

0.94
(0.93 to 0.95)

10.61
(6.53 to 17.23)

0.16
(0.11 to 0.24)

0.88
(0.85 to 0.91)

0.96
(0.94 to 0.97)

11.12
(5.30 to 23.36)

0.16
(0.08 to 0.30)

Residual neck 0.80
(0.74 to 0.86)

0.95
(0.93 to 0.97)

9.14
(4.88 to 17.14)

0.27
(0.16 to 0.46)

0.80
(0.66 to 0.89)

0.95
(0.89 to 0.98)

6.97
(3.71 to 13.09)

0.23
(0.07 to 0.74)

Residual dome 0.94
(0.89 to 0.97)

0.99
(0.98 to 1.00)

20.16
(10.44 to 38.96)

0.17
(0.11 to 0.26)

0.80
(0.70 to 0.88)

0.99
(0.95 to 1.00)

13.23
(4.32 to 40.52)

0.24
(0.09 to 0.66)

Figure 2  Pooled sensitivity and specificity for aneurysm recanalization. (A) Contrast-enhanced magnetic resonance angiography (CE-MRA) 
sensitivity. (B) CE-MRA specificity. (C) Time-of-flight (TOF)-MRA sensitivity. (D) TOF-MRA specificity.

carried out. Forest plots and summary receiver operating charac-
teristic curves were used to present the data.

Results
Study inclusion
The search method yielded 865, 25, and 1045 records in the 
Pubmed, Cochrane, and Embase databases, respectively. After 
removal of duplicates, 1579 records were screened using titles 
and abstracts. Seventy-nine records were then used to obtain full-
text articles, which were reviewed using the inclusion and exclu-
sion criteria.19–98 After full-text review, 38 studies were excluded 
(figure 1). One study was a review article and was excluded.87 
Three studies were excluded as they did not assess follow-up of 
patients treated with endovascular techniques,69 71 74 and a further 
three were excluded as all patients did not receive MRA and DSA 
at follow-up.64 70 73 Eight studies were excluded as there was no 
comparison of MRA and DSA,62 65–67 75 82 83 95 and two because 
TOF and CE-MRA data could not be separated.61 80 Sixteen 
studies were excluded as they did not contain enough informa-
tion for 2×2 contingency tables,53–56 58 59 68 72 76 78 79 81 84–86 97 
and three were excluded because the data were used in another 
study.60 63 77 Hence, 43 studies remained and were included in 
the analysis (figure  1): 37 studies assessed coiling,19–52 57 89 98 
of which 10 studies included cases of stent  assistance (4–33% 
of cases)20 28 30 37 39 45 48 89 98; five studies assessed stent-assisted 
coiling90–93; and two studies assessed flow diversion.88 89 Of the 

studies assessing intracranial stent use, five addressed the status 
of the parent vessel.88 90 92 93 96

GRADE assessment
The methodological quality of the included studies was assessed 
using the GRADE criteria, as applied to studies of diagnostic test 
accuracy. Since the included studies were comparing the diag-
nostic accuracy of MRA to DSA using a cohort, all were initially 
granted the maximal starting score of 4. One study included 
separate cohorts of patients treated with flow diversion and 
coiling, and both were assessed separately.89 Six studies were 
rated down for indirectness36 57 88 89 92 98 and two for inconsis-
tency.41 96 Seventeen studies had deductions made due to quality 
issues such as using non-consecutive patients or non-blinded 
assessment of tests.19 23–25 29 34 37 40 45 50 52 89 90 92 96 98 Overall, 22 
studies (50%) were given a score of 4, 16 (36%) were scored 3, 
5 (11%) studies scored 2, while 1 (2%) study scored 1.

Data analysis
Overall sensitivity and specificity of TOF-MRA and CE-MRA are 
presented in table 1 and summarized in figure 2. For TOF-MRA, 
sensitivity for any recanalization was 88% (95% CI 86% to 90%) 
and specificity was 94% (95% CI 93% to 95%). CE-MRA had 
similar sensitivity and slightly higher specificity at 88% (95% 
CI 85% to 91%) and 96% (95% CI 94% to 97%), respectively. 
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Table 2  Subgroup analysis of different treatment techniques comparing sensitivity and specificity of time-of-flight magnetic resonance 
angiography (TOF-MRA) and contrast-enhanced (CE)-MRA

Treatment

TOF-MRA CE-MRA

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive LR
(95% CI)

Negative LR
(95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive LR
(95% CI)

Negative LR
(95% CI)

Coiling 0.86
(0.83 to 0.89)

0.90
(0.87 to 0.92)

7.92
(4.91 to 12.79)

0.17
(0.11 to 0.27)

0.87
(0.81 to 0.92)

0.92
(0.88 to 0.95)

8.76
(4.48 to 17.15)

0.19
(0.12 to 0.31)

Stent-
assisted coiling + 
flow diversion

0.86
(0.77 to 0.92)

0.95
(0.87 to 0.99)

6.10
(1.93 to 19.23)

0.24
(0.09 to 0.64)

0.90
(0.80 to 0.96)

0.92
(0.82 to 0.98)

5.60
(2.54 to 12.35)

0.14
(0.03 to 0.72)

Figure 3  Pooled sensitivity and specificity for aneurysm recanalization for cases of flow diversion and stent-assisted coiling. (A) Constrast-enhanced 
magnetic resonance angiography (CE-MRA) sensitivity. (B) CE-MRA specificity. (C) Time-of-flight (TOF)-MRA sensitivity. (D) TOF-MRA specificity.

Neck residuals were more difficult to detect using either tech-
nique, with sensitivity of 80% (95% CI 74% to 86%) using 
TOF-MRA and 80% (95% CI 66% to 89%) using CE-MRA.

Table  2 summarizes the subgroup analysis for coiled aneu-
rysms compared with stent-assisted coiling and flow diversion 
techniques. For these techniques, sensitivity and specificity of 

TOF-MRA was 86% (95% CI 83% to 89%) and 90% (95% 
CI 87% to 92%), while CE-MRA showed sensitivity and spec-
ificity of 87% (95% CI 81% to 92%) and 92% (95% CI 88% 
to 95%), respectively (figures  3 and 4). Studies that included 
stent-assisted coiling in their coiling cohort were excluded from 
this subgroup analysis.
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Figure 4  Summary receiver operating characteristic for flow diversion and stent-assisted coiling cases. (A) Contrast-enhanced magnetic resonance 
angiography (CE-MRA). (B) Time-of-flight (TOF)-MRA.

Table 3  Subgroup analysis of various imaging and study characteristics

Study 
Characteristic

TOF-MRA CE-MRA

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive LR 
(95% CI)

Negative LR 
(95% CI)

Sensitivity 
(95% CI)

Specificity 
(95% CI)

Positive LR 
(95% CI)

Negative LR
(95% CI)

2D DSA 0.85
(0.82 to 0.89)

0.92
(0.89 to 0.94)

9.04
(5.24 to 15.59)

0.18
(0.11 to 0.29)

0.86
(0.79 to 0.91)

0.94
(0.91 to 0.96)

11.74
(5.38 to 25.59)

0.22
(0.11 to 0.43)

3D DSA 0.88
(0.84 to 0.92)

0.94
(0.91 to 0.96)

9.51
(4.07 to 22.19)

0.16
(0.09 to 0.30)

0.80
(0.72 to 0.86)

0.88
(0.78 to 0.94)

4.17
(1.74 to 10.00)

0.20
(0.08 to 0.50)

1.5T MRA 0.87
(0.83 to 0.90)

0.93
(0.91 to 0.95)

11.21
(6.27 to 20.06)

0.17
(0.10 to 0.29)

0.91
(0.86 to 0.95)

0.94
(0.90 to 0.96)

10.33
(5.21 to 20.47)

0.14
(0.07 to 0.27)

3T MRA 0.86
(0.82 to 0.90)

0.92
(0.88 to 0.94)

7.16
(3.42 to 14.98)

0.19
(0.11 to 0.32)

0.73
(0.64 to 0.81)

0.92
(0.86 to 0.96)

5.75
(2.43 to 13.58)

0.34
(0.20 to 0.60)

GRADE 1–2 0.95
(0.89 to 0.98)

0.88
(0.80 to 0.93)

13.58
(1.60 to 115.39)

0.09
(0.04 to 0.17)

GRADE 3–4 0.88
(0.85 to 0.90)

0.95
(0.94 to 0.96)

10.18
(6.06 to 17.10)

0.18
(0.12 to 0.27)

0.88
(0.84 to 0.91)

0.96
(0.94 to 0.97)

9.85
(4.26 to 22.82)

0.17
(0.09 to 0.34)

Prospective 0.84
(0.81 to 0.87)

0.92
(0.9 to 0.94)

7.39
(4.43 to 12.31)

0.21
(0.15 to 0.32)

0.82
(0.76 to 0.87)

0.92
(0.88 to 0.95)

6.81
(3.54 to 13.12)

0.24
(0.14 to 0.41)

Retrospective 0.93
(0.90 to 0.95)

0.97
(0.96 to 0.98)

16.84
(8.22 to 34.49)

0.11
(0.05 to 0.22)

0.94
(0.90 to 0.96)

0.98
(0.97 to 0.99)

23.10
(5.01 to 106.56)

0.09
(0.02 to 0.40)

CE, constrast-enhanced; GRADE, Grades of Recommendation, Assessment, Development, and Evaluation; MRA, magnetic resonance angiography; TOF, time-of-flight.

Further subgroup analyses were performed by distinguishing 
different study characteristics: DSA technique (2D vs 3D), MRI 
field strength (1.5T vs 3T), strength of evidence, and study 
design (prospective vs retrospective). These results are summa-
rized in table 3.

Discussion
The results of this study show that MRI techniques remain reli-
able in the detection of residual aneurysms after endovascular 
treatment. Furthermore, subgroup analysis shows high sensi-
tivity and specificity for stent-assisted coiling and flow diversion 
techniques. While both sensitivity and specificity are integral to 
the assessment of a diagnostic test, the clinical context of the 
study will help determine which characteristic is of greater value. 
Aneurysm follow-up using MRA alone will have to provide a 
high degree of sensitivity in order to capture all recanalizations.

The overall sensitivity and specificity of MRA is higher than 
that found previously by van Amerongen et al7 and Menke et al.8 
In the study by van Amerongen et al, sensitivity and specificity 
of CE-MRA for any residual were 85% and 88%, respectively, 
compared with 86% and 86% for TOF-MRA. Furthermore, 
both the sensitivity and specificity of CE-MRA were higher than 
that for TOF-MRA in our study, unlike the previously reported 
literature. Contrast timing and a narrow scanning interval were 
posited as potential reasons for lower rates of CE-MRA sensi-
tivity and specificity in the past, and overall improvements 
in these scanning characteristics may be the reasons for this 
improvement.

Rates of detection of aneurysm dome residuals were higher 
than those for neck residuals using both MRA techniques. This 
was an expected finding, but was not observed in previously 
reported meta-analyses. One possible explanation for this was 
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insufficient data specifying the degree of residual aneurysm, as 
evidenced by wider 95% CIs in previous meta-analyses. The 
overall sensitivity and specificity of dome residuals has increased 
significantly, but 95% CIs remain wide for both TOF-MRA and 
CE-MRA.

The sensitivity and specificity of MRA techniques for detecting 
aneurysm residuals in patients undergoing stent-assisted coiling 
and flow diversion was comparable to the coiling-only group in 
our subgroup analysis. This was an unexpected finding, since 
stent-associated artifacts are felt to interfere with assessment 
of residual aneurysm flow. More false  negatives are expected 
with TOF compared with CE-MRA, and this is borne out  by 
the lower TOF sensitivity compared with CE-MRA for aneu-
rysms treated with intracranial stents. However, stent use does 
not appear to affect TOF sensitivity compared with coiling-only. 
TOF sensitivity was higher for the stent-assisted/flow diversion 
group since fewer false  positives were identified. This result 
lends reassurance to the follow-up of these patients using MRA. 
However, only seven studies were available for the stent-assisted 
and flow diversion subgroup, and further study is required to 
confirm this finding. It is also important to note that nine studies 
with varying incidence of stent deployment were excluded from 
this subgroup analysis as they did not separately report cases of 
stent-assisted coiling.

The status of the parent vessel is another question that arises 
in cases of intracranial stent placement. Of the seven studies 
that assessed intracranial stent deployment, five addressed 
the patency of the parent vessel.88 90 92 93 96 In another study, 
TOF-MRA was felt to be incapable of accurately assessing parent 
vessel patency and only DSA data were reported.91 Of the five 
studies that did compare MRA and DSA, one rated the ability 
of MRA to assess in-stent stenosis as poor in >95% of cases.92 
One study reported significantly higher rates of in-stent stenosis 
with CE-MRA, with false positives found in 24% of cases.90 
Attali et al88 and Akkaya et al96 both found perfect sensitivity 
with both TOF-MRA and CE-MRA for in-stent stenosis, but 
low rates of specificity for both TOF-MRA (32% and 14%) and 
CE-MRA (64% and 43%), respectively. Van Amerongen et al 
described five possible sources of heterogeneity in their data, 
including publication bias, enrollment methods, DSA technique 
used as the reference standard, MRI magnet field strength, and 
study quality. These reasons also apply to our meta-analysis. 
Significantly higher sensitivity and specificity were  found for 
GRADE 1–2 studies than for GRADE 3–4 studies. Furthermore, 
retrospective studies showed higher sensitivity and specificity 
than prospective studies for both TOF-MRA and CE-MRA.

A further potential source of heterogeneity is the time interval 
between the reference DSA and the MRA study. The mean inter-
vals were ≤7 days in 29 studies; 7–30 days for two studies; 30–90 
days for four studies; and >90 days in one study (102 days). Six 
studies did not specify this interval. A significant time interval 
between the studies will artificially raise or lower the sensitivity 
and specificity if the aneurysm occlusion status changes within 
this time period. This change will also depend on which test 
was performed earlier. Two processes in the time course of aneu-
rysm evolution after endovascular treatment are important in 
this regard: (1) the progressive thrombosis and occlusion of an 
aneurysm with residual flow at the end of the procedure; and (2) 
aneurysm recanalization after initial occlusion. Further investi-
gation, especially involving flow diversion, should minimize the 
interval between comparison studies in order to minimize this 
source of heterogeneity.

Applicability of the data to clinical practice is a valid concern. 
Some aneurysms, such as paraclinoid carotid and carotid 

cave aneurysms, may be more difficult to assess and poten-
tially reduce the diagnostic performance of MRA techniques. 
Other factors such as aneurysm size are also potential imped-
iments to diagnostic performance. The studies included in the 
meta-analysis do not specify the aneurysm morphology beyond 
the vessel location, and thus this information cannot be gleaned 
from this meta-analysis. However, most of the included studies 
(30/43, see online  supplementary materials) included consecu-
tive patients, thus providing an accurate sampling of aneurysms 
treated in a clinical setting. Further studies should aim to address 
these factors when assessing MRA performance.

The inter- and intra-rater reliability was fair-to-high in the 
studies that addressed this topic. However, there were few 
observers in all of the included studies. A larger study of inter-rater 
reliability of angiographic occlusion of coiled aneurysms found 
fair concordance (kappa=0.35) between a multicenter group of 
neurosurgeons and neuroradiologists.99 Further research in this 
domain may benefit from voxel-based assessment of aneurysm 
recanalization, which has recently been investigated.100

Conclusion
This study demonstrates the reliability of MRA techniques in 
the follow-up of aneurysms treated using endovascular tech-
niques, with excellent rates of sensitivity and specificity for both 
TOF-MRA and CE-MRA. Sensitivity and specificity were both 
higher for dome residuals, which are more likely to require 
retreatment, than for neck residuals. Follow-up of aneurysms 
treated with intracranial stents, with or without adjunctive use 
of coils, also showed high rates of sensitivity and specificity 
for both techniques. Further studies may add to this body of 
knowledge and may also provide data to assess the parent vessel 
following intracranial stent placement.

Contributors  SUA and RDL: study design, data acquisition and analysis, 
manuscript preparation, and editing. JM: study design, manuscript preparation, and 
editing. XZ: data analysis, manuscript preparation, and editing. MK, AD, and KN: 
study design, and manuscript editing. All authors were involved with manuscript final 
approval and agree to be accountable for all aspects of the work.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors. 

Competing interests  None declared.

Patient consent for publication  Not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data sharing statement  Study characteristics and the search strategy are 
available as supplementary materials. Original 2 x 2 data for the meta-analysis are 
available from the corresponding author upon request.

References
	 1.	V lak MHM, Algra A, Brandenburg R, et al. Prevalence of unruptured intracranial 

aneurysms, with emphasis on sex, age, comorbidity, country, and time period: a 
systematic review and meta-analysis. Lancet Neurol 2011;10:626–36.

	 2.	 Naggara ON, White PM, Guilbert F, et al. Endovascular treatment of intracranial 
unruptured aneurysms: systematic review and meta-analysis of the literature on 
safety and efficacy. Radiology 2010;256:887–97.

	 3.	 Dawkins AA, Evans AL, Wattam J, et al. Complications of cerebral angiography: 
a prospective analysis of 2,924 consecutive procedures. Neuroradiology 
2007;49:753–9.

	 4.	W illinsky RA, Taylor SM, TerBrugge K, et al. Neurologic complications of cerebral 
angiography: prospective analysis of 2,899 procedures and review of the literature. 
Radiology 2003;227:522–8.

	 5.	 Schaafsma JD, Koffijberg H, Buskens E, et al. Cost-effectiveness of magnetic 
resonance angiography versus intra-arterial digital subtraction angiography to 
follow-up patients with coiled intracranial aneurysms. Stroke 2010;41:1736–42.

	 6.	 Kwee TC, Kwee RM. MR angiography in the follow-up of intracranial aneurysms 
treated with Guglielmi detachable coils: systematic review and meta-analysis. 
Neuroradiology 2007;49:703–13.

 on A
pril 5, 2021 by guest. P

rotected by copyright.
http://jnis.bm

j.com
/

J N
euroIntervent S

urg: first published as 10.1136/neurintsurg-2019-014936 on 2 M
ay 2019. D

ow
nloaded from

 

https://dx.doi.org/10.1136/neurintsurg-2019-014936
http://dx.doi.org/10.1016/S1474-4422(11)70109-0
http://dx.doi.org/10.1148/radiol.10091982
http://dx.doi.org/10.1007/s00234-007-0252-y
http://dx.doi.org/10.1148/radiol.2272012071
http://dx.doi.org/10.1161/STROKEAHA.110.585083
http://dx.doi.org/10.1007/s00234-007-0266-5
http://jnis.bmj.com/


7 of 8Ahmed SU, et al. J NeuroIntervent Surg 2019;11:1009–1014. doi:10.1136/neurintsurg-2019-014936

Neuroimaging

	 7.	 van Amerongen MJ, Boogaarts HD, de Vries J, et al. MRA versus DSA for follow-
up of coiled intracranial aneurysms: a meta-analysis. AJNR Am J Neuroradiol 
2014;35:1655–61.

	 8.	 Menke J, Schramm P, Sohns JM, et al. Diagnosing flow residuals in coiled cerebral 
aneurysms by MR angiography: meta-analysis. J Neurol 2014;261:655–62.

	 9.	 Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. Introduction-GRADE 
evidence profiles and summary of findings tables. J Clin Epidemiol 2011;64:383–94.

	10.	 Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 2. Framing the question and 
deciding on important outcomes. J Clin Epidemiol 2011;64:395–400.

	11.	 Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines 6. Rating the quality of 
evidence-imprecision. J Clin Epidemiol 2011;64:1283–93.

	12.	 Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 8. Rating the quality of 
evidence-indirectness. J Clin Epidemiol 2011;64:1303–10.

	13.	 Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 7. Rating the quality of 
evidence-inconsistency. J Clin Epidemiol 2011;64:1294–302.

	14.	 Guyatt GH, Oxman AD, Montori V, et al. GRADE guidelines: 5. Rating the quality of 
evidence-publication bias. J Clin Epidemiol 2011;64:1277–82.

	15.	 Guyatt GH, Oxman AD, Schünemann HJ, et al. GRADE guidelines: a new series of 
articles in the Journal of Clinical Epidemiology. J Clin Epidemiol 2011;64:380–2.

	16.	 Guyatt GH, Oxman AD, Sultan S, et al. GRADE guidelines: 9. Rating up the quality of 
evidence. J Clin Epidemiol 2011;64:1311–6.

	17.	 Guyatt GH, Oxman AD, Vist G, et al. GRADE guidelines: 4. Rating the quality of 
evidence-study limitations (risk of bias). J Clin Epidemiol 2011;64:407–15.

	18.	 Schünemann HJ, Schünemann AH, Oxman AD, et al. Grading quality of evidence 
and strength of recommendations for diagnostic tests and strategies. BMJ 
2008;336:1106–10.

	19.	 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.

	20.	 Bakker NA, Westerlaan HE, Metzemaekers JD, et al. Feasibility of magnetic resonance 
angiography (MRA) follow-up as the primary imaging modality after coiling of 
intracranial aneurysms. Acta Radiol 2010;51:226–32.

	21.	 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.

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

	23.	 Deutschmann HA, Augustin M, Simbrunner J, et al. 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. AJNR Am J 
Neuroradiol 2007;28:628–34.

	24.	 Dupre S, Coulthard A. Follow up of coiled intracranial aneurysms with standard 
resolution and higher resolution magnetic resonance angiography. J Med Imaging 
Radiat Oncol 2008;52:57–63.

	25.	 Farb RI, Nag S, Scott JN, et al. Surveillance of intracranial aneurysms treated 
with detachable coils: a comparison of MRA techniques. Neuroradiology 
2005;47:507–15.

	26.	 Ferré JC, Carsin-Nicol B, Morandi X, et al. Time-of-flight MR angiography at 3T 
versus digital subtraction angiography in the imaging follow-up of 51 intracranial 
aneurysms treated with coils. Eur J Radiol 2009;72:365–9.

	27.	 Gauvrit JY, Caron S, Taschner CA, et al. Intracranial aneurysms treated with Guglielmi 
detachable coils: long-term imaging follow-up with contrast-enhanced magnetic 
resonance angiography. J Neurosurg 2008;108:443–9.

	28.	 Gölitz P, Struffert T, Kaschka I, et al. Optimized angiographic CT using intravenous 
contrast injection: a noninvasive imaging option for the follow-up of coiled 
aneurysms? AJNR Am J Neuroradiol 2014;35:2341–7.

	29.	 Gönner F, Heid O, Remonda L, et al. MR angiography with ultrashort echo time in 
cerebral aneurysms treated with Guglielmi detachable coils. AJNR Am J Neuroradiol 
1998;19:1324–8.

	30.	 Gramsch C, Zülow S, Nensa F, et al. Can we now dispense with DSA in the 
evaluation of aneurysm occlusion even in the most crucial first follow-up after 
endovascular treatment? Clin Neurol Neurosurg 2016;149:136–42.

	31.	 Kähärä VJ, Seppänen SK, Ryymin PS, et al. MR angiography with three-dimensional 
time-of-flight and targeted maximum-intensity-projection reconstructions in the 
follow-up of intracranial aneurysms embolized with Guglielmi detachable coils. AJNR 
Am J Neuroradiol 1999;20:1470–5.

	32.	 Kau T, Gasser J, Celedin S, et al. MR angiographic follow-up of intracranial 
aneurysms treated with detachable coils: evaluation of a blood-pool contrast 
medium. AJNR Am J Neuroradiol 2009;30:1524–30.

	33.	 Kaufmann TJ, Huston J, Cloft HJ, et al. A prospective trial of 3T and 1.5T time-of-
flight and contrast-enhanced MR angiography in the follow-up of coiled intracranial 
aneurysms. AJNR Am J Neuroradiol 2010;31:912–8.

	34.	 Lane A, Vivian P, Coulthard A. Magnetic resonance angiography or digital subtraction 
catheter angiography for follow-up of coiled aneurysms: do we need both? J Med 
Imaging Radiat Oncol 2015;59:163–9.

	35.	 Lavoie P, Gariépy JL, Milot G, et al. Residual flow after cerebral aneurysm coil 
occlusion: diagnostic accuracy of MR angiography. Stroke 2012;43:740–6.

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

	37.	 Lubicz B, Neugroschl C, Collignon L, et al. Is digital substraction angiography still 
needed for the follow-up of intracranial aneurysms treated by embolisation with 
detachable coils?. Neuroradiology 2008;50:841–8.

	38.	 Majoie CB, Sprengers ME, van Rooij WJ, et al. MR angiography at 3T versus digital 
subtraction angiography in the follow-up of intracranial aneurysms treated with 
detachable coils. AJNR Am J Neuroradiol 2005;26:1349–56.

	39.	 Nakiri GS, Santos AC, Abud TG, et al. A comparison between magnetic resonance 
angiography at 3 Teslas (time-of-flight and contrast-enhanced) and flat-panel digital 
subtraction angiography in the assessment of embolized brain aneurysms. Clinics 
2011;66:641–8.

	40.	 Nome T, Bakke SJ, Nakstad PH. MR angiography in the follow-up of coiled 
cerebral aneurysms after treatment with Guglielmi detachable coils. Acta Radiol 
2002;43:10–14.

	41.	 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 subtraction 
angiography. Eur Radiol 2004;14:1162–8.

	42.	 Pierot L, Portefaix C, Boulin A, et al. Follow-up of coiled intracranial aneurysms: 
comparison of 3D time-of-flight and contrast-enhanced magnetic resonance 
angiography at 3T in a large, prospective series. Eur Radiol 2012;22:2255–63.

	43.	 Ramgren B, Siemund R, Cronqvist M, et al. Follow-up of intracranial aneurysms 
treated with detachable coils: comparison of 3D inflow MRA at 3T and 1.5T and 
contrast-enhanced MRA at 3T with DSA. Neuroradiology 2008;50:947–54.

	44.	 Schaafsma JD, Velthuis BK, Vincken KL, et al. Artefacts induced by coiled intracranial 
aneurysms on 3.0-Tesla versus 1.5-Tesla MR angiography - an in vivo and in vitro 
study. Eur J Radiol 2014;83:811–6.

	45.	 Serafin Z, Strześniewski P, Lasek W, et al. Follow-up after embolization of 
ruptured intracranial aneurysms: a prospective comparison of two-dimensional 
digital subtraction angiography, three-dimensional digital subtraction 
angiography, and time-of-flight magnetic resonance angiography. Neuroradiology 
2012;54:1253–60.

	46.	 Shang S, Ye J, Luo X, et al. Follow-up assessment of coiled intracranial aneurysms 
using zTE MRA as compared with TOF MRA: a preliminary image quality study. Eur 
Radiol 2017;27:4271–80.

	47.	 Sprengers ME, Schaafsma JD, van Rooij WJ, et al. Evaluation of the occlusion 
status of coiled intracranial aneurysms with MR angiography at 3T: is contrast 
enhancement necessary? AJNR Am J Neuroradiol 2009;30:1665–71.

	48.	 Timsit C, Soize S, Benaissa A, et al. Contrast-enhanced and time-of-flight MRA at 
3T compared with DSA for the follow-up of intracranial aneurysms treated with the 
WEB device. AJNR Am J Neuroradiol 2016;37:1684–9.

	49.	 Urbach H, Dorenbeck U, von Falkenhausen M, et al. Three-dimensional time-of-flight 
MR angiography at 3 T compared to digital subtraction angiography in the follow-up 
of ruptured and coiled intracranial aneurysms: a prospective study. Neuroradiology 
2008;50:383–9.

	50.	W esterlaan HE, van der Vliet AM, Hew JM, et al. Time-of-flight magnetic resonance 
angiography in the follow-up of intracranial aneurysms treated with Guglielmi 
detachable coils. Neuroradiology 2005;47:622–9.

	51.	W ikström J, Ronne-Engström E, Gal G, et al. Three-dimensional time-of-flight (3D 
TOF) magnetic resonance angiography (MRA) and contrast-enhanced MRA of 
intracranial aneurysms treated with platinum coils. Acta Radiol 2008;49:190–6.

	52.	 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;25:1154–7.

	53.	 Adams WM, Laitt RD, Jackson A. Time of flight 3D magnetic resonance angiography 
in the follow-up of coiled cerebral aneurysms. Interv Neuroradiol 1999;5:127–37.

	54.	 Agid R, Willinsky RA, Lee SK, et al. Characterization of aneurysm remnants after 
endovascular treatment: contrast-enhanced MR angiography versus catheter digital 
subtraction angiography. AJNR Am J Neuroradiol 2008;29:1570–4.

	55.	 Behme D, Malinova V, Kallenberg K, et al. Unenhanced time-of-flight MR 
angiography versus gadolinium-enhanced time-of-flight MR angiography in the 
follow-up of coil-embolized aneurysms. J Neurol Surg A Cent Eur Neurosurg 
2016;77:400–5.

	56.	 Boddu SR, Tong FC, Dehkharghani S, et al. Contrast-enhanced time-resolved MRA 
for follow-up of intracranial aneurysms treated with the pipeline embolization 
device. AJNR Am J Neuroradiol 2014;35:2112–8.

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

	58.	 Buhk JH, Kallenberg K, Mohr A, et al. No advantage of time-of-flight magnetic 
resonance angiography at 3 Tesla compared to 1.5 Tesla in the follow-up after 
endovascular treatment of cerebral aneurysms. Neuroradiology 2008;50:855–61.

	59.	 Buhk JH, Kallenberg K, Mohr A, et al. Evaluation of angiographic computed 
tomography in the follow-up after endovascular treatment of cerebral aneurysms--a 
comparative study with DSA and TOF-MRA. Eur Radiol 2009;19:430–6.

 on A
pril 5, 2021 by guest. P

rotected by copyright.
http://jnis.bm

j.com
/

J N
euroIntervent S

urg: first published as 10.1136/neurintsurg-2019-014936 on 2 M
ay 2019. D

ow
nloaded from

 

http://dx.doi.org/10.3174/ajnr.A3700
http://dx.doi.org/10.1007/s00415-013-7053-5
http://dx.doi.org/10.1016/j.jclinepi.2010.04.026
http://dx.doi.org/10.1016/j.jclinepi.2010.09.012
http://dx.doi.org/10.1016/j.jclinepi.2011.01.012
http://dx.doi.org/10.1016/j.jclinepi.2011.04.014
http://dx.doi.org/10.1016/j.jclinepi.2011.03.017
http://dx.doi.org/10.1016/j.jclinepi.2011.01.011
http://dx.doi.org/10.1016/j.jclinepi.2010.09.011
http://dx.doi.org/10.1016/j.jclinepi.2011.06.004
http://dx.doi.org/10.1016/j.jclinepi.2010.07.017
http://dx.doi.org/10.1136/bmj.39500.677199.AE
http://www.ncbi.nlm.nih.gov/pubmed/10782789
http://dx.doi.org/10.3109/02841850903436642
http://dx.doi.org/10.1097/00004728-199903000-00009
http://www.ncbi.nlm.nih.gov/pubmed/14561605
http://www.ncbi.nlm.nih.gov/pubmed/17416811
http://www.ncbi.nlm.nih.gov/pubmed/17416811
http://dx.doi.org/10.1111/j.1440-1673.2007.01912.x
http://dx.doi.org/10.1111/j.1440-1673.2007.01912.x
http://dx.doi.org/10.1007/s00234-005-1375-7
http://dx.doi.org/10.1016/j.ejrad.2008.08.005
http://dx.doi.org/10.3171/JNS/2008/108/3/0443
http://dx.doi.org/10.3174/ajnr.A4039
http://www.ncbi.nlm.nih.gov/pubmed/9726477
http://dx.doi.org/10.1016/j.clineuro.2016.08.005
http://www.ncbi.nlm.nih.gov/pubmed/10512233
http://www.ncbi.nlm.nih.gov/pubmed/10512233
http://dx.doi.org/10.3174/ajnr.A1622
http://dx.doi.org/10.3174/ajnr.A1932
http://dx.doi.org/10.1111/1754-9485.12288
http://dx.doi.org/10.1111/1754-9485.12288
http://dx.doi.org/10.1161/STROKEAHA.111.635300
http://www.ncbi.nlm.nih.gov/pubmed/12169468
http://dx.doi.org/10.1007/s00234-008-0450-2
http://www.ncbi.nlm.nih.gov/pubmed/15956496
http://dx.doi.org/10.1590/S1807-59322011000400020
http://dx.doi.org/10.1080/028418502127347574
http://dx.doi.org/10.1007/s00330-004-2277-5
http://dx.doi.org/10.1007/s00330-012-2466-6
http://dx.doi.org/10.1007/s00234-008-0429-z
http://dx.doi.org/10.1016/j.ejrad.2014.02.001
http://dx.doi.org/10.1007/s00234-012-1030-z
http://dx.doi.org/10.1007/s00330-017-4794-z
http://dx.doi.org/10.1007/s00330-017-4794-z
http://dx.doi.org/10.3174/ajnr.A1678
http://dx.doi.org/10.3174/ajnr.A4791
http://dx.doi.org/10.1007/s00234-007-0355-5
http://dx.doi.org/10.1007/s00234-005-1395-3
http://dx.doi.org/10.1080/02841850701732940
http://www.ncbi.nlm.nih.gov/pubmed/15313700
http://dx.doi.org/10.1177/159101999900500203
http://dx.doi.org/10.3174/ajnr.A1124
http://dx.doi.org/10.1055/s-0036-1582014
http://dx.doi.org/10.3174/ajnr.A4008
http://dx.doi.org/10.1148/radiology.219.1.r01mr06108
http://dx.doi.org/10.1007/s00234-008-0413-7
http://dx.doi.org/10.1007/s00330-008-1171-y
http://jnis.bmj.com/


8 of 8 Ahmed SU, et al. J NeuroIntervent Surg 2019;11:1009–1014. doi:10.1136/neurintsurg-2019-014936

Neuroimaging

	60.	 Cottier JP, Bleuzen-Couthon A, Gallas S, et al. Follow-up of intracranial aneurysms 
treated with detachable coils: comparison of plain radiographs, 3D time-of-flight 
MRA and digital subtraction angiography. Neuroradiology 2003;45:818–24.

	61.	 Derdeyn CP, Graves VB, Turski PA, et al. MR angiography of saccular aneurysms 
after treatment with Guglielmi detachable coils: preliminary experience. AJNR Am J 
Neuroradiol 1997;18:279–86.

	62.	E lmogy SA, Mazroa JA, Fikry Eldawoody HA. Non-invasive TOF MR angiographic 
follow up of coiled cerebral aneurysms. Egyptian J Radiol Nucl Med 
2012;43:33–40.

	63.	 Gauvrit JY, Leclerc X, Caron S, et al. Intracranial aneurysms treated with Guglielmi 
detachable coils: imaging follow-up with contrast-enhanced MR angiography. Stroke 
2006;37:1033–7.

	64.	 Geyik S, Yavuz K, Yurttutan N, et al. Stent-assisted coiling in endovascular treatment 
of 500 consecutive cerebral aneurysms with long-term follow-up. AJNR Am J 
Neuroradiol 2013;34:2157–62.

	65.	 Guan J, Karsy M, McNally S, et al. High-resolution magnetic resonance imaging 
of intracranial aneurysms treated by flow diversion. Interdisciplinary Neurosurgery 
2017;10:69–74.

	66.	 John S, Bain MD, Hussain MS, et al. Long-term effect of flow diversion on large 
and giant aneurysms: MRI-DSA clinical correlation study. World Neurosurg 
2016;93:60–6.

	67.	 Kovács A, Möhlenbruch M, Hadizadeh DR, et al. Noninvasive imaging after stent-
assisted coiling of intracranial aneurysms: comparison of 3-T magnetic resonance 
imaging and 64-row multidetector computed tomography: a pilot study. J Comput 
Assist Tomogr 2011;35:573–82.

	68.	 Levent A, Yuce I, Eren S, et al. Contrast-enhanced and time-of-flight MR 
angiographic assessment of endovascular coiled intracranial aneurysms at 1.5 T. 
Interv Neuroradiol 2014;20:686–92.

	69.	 Li H, Yan L, Li MH, et al. Evaluation of intracranial aneurysms with high-resolution 
MR angiography using single-artery highlighting technique: correlation with digital 
subtraction angiography. Radiol Med 2013;118:1379–87.

	70.	 Lopes DK, Johnson AK, Kellogg RG, et al. Long-term radiographic results of stent-
assisted embolization of cerebral aneurysms. Neurosurgery 2014;74:286–91.

	71.	 Lubicz B, Levivier M, Sadeghi N, et al. Immediate intracranial aneurysm occlusion 
after embolization with detachable coils: a comparison between MR angiography 
and intra-arterial digital subtraction angiography. J Neuroradiol 2007;34:190–7.

	72.	 Mine B, Tancredi I, Aljishi A, et al. Follow-up of intracranial aneurysms treated by 
a WEB flow disrupter: a comparative study of DSA and contrast-enhanced MR 
angiography. J Neurointerv Surg 2016;8:615–20.

	73.	 Mortimer AM, Marsh H, Klimczak K, et al. Is long-term follow-up of adequately 
coil-occluded ruptured cerebral aneurysms always necessary? A single-center study 
of recurrences after endovascular treatment. J Neurointerv Surg 2015;7:373–9.

	74.	 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;33:1803–8.

	75.	 Patzig M, Forbrig R, Ertl L, et al. Intracranial aneurysms treated by flow-diverting 
stents: long-term follow-up with contrast-enhanced magnetic resonance 
angiography. Cardiovasc Intervent Radiol 2017;40:1713–22.

	76.	 Pierot L, Delcourt C, Bouquigny F, et al. Follow-up of intracranial aneurysms 
selectively treated with coils: prospective evaluation of contrast-enhanced MR 
angiography. AJNR Am J Neuroradiol 2006;27:744–9.

	77.	 Pierot L, Portefaix C, Gauvrit JY, et al. Follow-up of coiled intracranial aneurysms: 
comparison of 3D time-of-flight MR angiography at 3T and 1.5T in a large 
prospective series. AJNR Am J Neuroradiol 2012;33:2162–6.

	 78	 Poncyljusz W, Czechowski J, Corr P, et al. MR-angiography as a method for 
evaluating endovascular coiled cerebral aneurysms. Med Sci Monit 2007;13(Suppl 
1):59–64.

	79.	 Saguchi T, Murayama Y, Ishibashi T, et al. Efficacy of 3-D reconstructed time of 
flight MRA follow-up of the embolized cerebral aneurysms. Interv Neuroradiol 
2006;12(Suppl 1):45–8.

	80.	 Schaafsma JD, Velthuis BK, Majoie CB, et al. Intracranial aneurysms treated with 
coil placement: test characteristics of follow-up MR angiography--multicenter study. 
Radiology 2010;256:209–18.

	81.	 Schaafsma JD, Velthuis BK, van den Berg R, et al. Coil-treated aneurysms: decision 
making regarding additional treatment based on findings of MR angiography and 
intraarterial DSA. Radiology 2012;265:858–63.

	82.	 Shankar JJ, Lum C, Parikh N, et al. Long-term prospective follow-up of intracranial 
aneurysms treated with endovascular coiling using contrast-enhanced MR 
angiography. AJNR Am J Neuroradiol 2010;31:1211–5.

	83.	 Tailor J, Goetz P, Chandrashekar H, et al. Stability of ruptured intracranial aneurysms 
treated with detachable coils: is delayed follow-up angiography warranted? Br J 
Neurosurg 2010;24:405–9.

	84.	 Takano N, Suzuki M, Irie R, et al. Usefulness of non-contrast-enhanced MR 
angiography using a silent scan for follow-up after Y-configuration stent-assisted coil 
embolization for basilar tip aneurysms. AJNR Am J Neuroradiol 2017;38:577–81.

	85.	 Takayama K, Taoka T, Nakagawa H, et al. Usefulness of contrast-enhanced magnetic 
resonance angiography for follow-up of coil embolization with the enterprise stent 
for cerebral aneurysms. J Comput Assist Tomogr 2011;35:568–72.

	86.	W eber W, Yousry TA, Felber SR, et al. Noninvasive follow-up of GDC-treated saccular 
aneurysms by MR angiography. Eur Radiol 2001;11:1792–7.

	87.	 Zizka J, Krajina A, Lojik M. The reliability of MR angiography as the sole imaging 
method for non-invasive follow-up of intracranial aneurysms treated with Guglielmi 
detachable coils. Rivista di Neuroradiologia 2003;16:1137–8.

	88.	 Attali J, Benaissa A, Soize S, et al. Follow-up of intracranial aneurysms treated by 
flow diverter: comparison of three-dimensional time-of-flight MR angiography 
(3D-TOF-MRA) and contrast-enhanced MR angiography (CE-MRA) sequences 
with digital subtraction angiography as the gold standard. J Neurointerv Surg 
2016;8:81–6.

	89.	 Binyamin TR, Dahlin BC, Waldau B. Comparison of 3D TOF MR angiographic accuracy 
in predicting Raymond grade of flow-diverted versus coiled intracranial aneurysms. J 
Clin Neurosci 2017;42:182–5.

	90.	 Agid R, Schaaf M, Farb R. CE-MRA for follow-up of aneurysms post stent-assisted 
coiling. Interv Neuroradiol 2012;18:275–83.

	91.	 Cho WS, Kim SS, Lee SJ, et al. The effectiveness of 3T time-of-flight magnetic 
resonance angiography for follow-up evaluations after the stent-assisted coil 
embolization of cerebral aneurysms. Acta Radiol 2014;55:604–13.

	92.	 Cho YD, Kim KM, Lee WJ, et al. Time-of-flight magnetic resonance angiography 
for follow-up of coil embolization with enterprise stent for intracranial aneurysm: 
usefulness of source images. Korean J Radiol 2014;15:161–8.

	93.	 Marciano D, Soize S, Metaxas G, et al. Follow-up of intracranial aneurysms treated 
with stent-assisted coiling: Comparison of contrast-enhanced MRA, time-of-flight 
MRA, and digital subtraction angiography. J Neuroradiol 2017;44:44–51.

	94.	 Chou DE. Secondary headache syndromes. Continuum 2018;24:1179–91.
	95.	 Nawka MT, Sedlacik J, Frölich A, et al. Multiparametric MRI of intracranial aneurysms 

treated with the Woven EndoBridge (WEB): a case of Faraday’s cage? J Neurointerv 
Surg 2018;10:988–94.

	96.	 Akkaya S, Akca O, Arat A, et al. Usefulness of contrast-enhanced and TOF MR 
angiography for follow-up after low-profile stent-assisted coil embolization of 
intracranial aneurysms. Interv Neuroradiol 2018;24:655–61.

	97.	 Jp F, Liu L, Zhao H, et al. The efficacy of Enterprise stent-assisted coil embolization 
in the treatment of intracranial wide necked aneurysms by magnetic resonance 
angiography. Int J Clin Experiment Med 2018;11:4343–51.

	98.	I kemura A, Yuki I, Suzuki H, et al. Time-resolved magnetic resonance angiography 
(TR-MRA) for the evaluation of post coiling aneurysms: a quantitative analysis of 
the residual aneurysm using full-width at half-maximum (FWHM) value. PLoS One 
2018;13:e0203615.

	99.	 Zuckerman SL, Lakomkin N, Magarik JA, et al. Evaluation of previously embolized 
intracranial aneurysms: inter-and intra-rater reliability among neurosurgeons and 
interventional neuroradiologists. J Neurointerv Surg 2018;10:462–6.

	100.	E rnst M, Buchholz A, Bourcier R, et al. Voxel based analysis of recurrence dynamics 
in intracranial aneurysms after coiling. J Neurointerv Surg 2018;10:571–6.

 on A
pril 5, 2021 by guest. P

rotected by copyright.
http://jnis.bm

j.com
/

J N
euroIntervent S

urg: first published as 10.1136/neurintsurg-2019-014936 on 2 M
ay 2019. D

ow
nloaded from

 

http://dx.doi.org/10.1007/s00234-003-1109-7
http://www.ncbi.nlm.nih.gov/pubmed/9111664
http://www.ncbi.nlm.nih.gov/pubmed/9111664
http://dx.doi.org/10.1016/j.ejrnm.2011.11.005
http://dx.doi.org/10.1161/01.STR.0000209236.06451.3b
http://dx.doi.org/10.3174/ajnr.A3574
http://dx.doi.org/10.3174/ajnr.A3574
http://dx.doi.org/10.1016/j.inat.2017.07.004
http://dx.doi.org/10.1016/j.wneu.2016.05.082
http://dx.doi.org/10.1097/RCT.0b013e318224e528
http://dx.doi.org/10.1097/RCT.0b013e318224e528
http://dx.doi.org/10.15274/INR-2014-10064
http://dx.doi.org/10.1007/s11547-012-0871-1
http://dx.doi.org/10.1227/NEU.0000000000000263
http://dx.doi.org/10.1016/j.neurad.2007.05.002
http://dx.doi.org/10.1136/neurintsurg-2015-011644
http://dx.doi.org/10.1136/neurintsurg-2014-011152
http://dx.doi.org/10.1161/01.STR.0000019510.32145.A9
http://dx.doi.org/10.1007/s00270-017-1732-z
http://www.ncbi.nlm.nih.gov/pubmed/16611757
http://dx.doi.org/10.3174/ajnr.A3124
http://www.ncbi.nlm.nih.gov/pubmed/17507887
http://dx.doi.org/10.1177/15910199060120S104
http://dx.doi.org/10.1148/radiol.10091528
http://dx.doi.org/10.1148/radiol.12112608
http://dx.doi.org/10.3174/ajnr.A2064
http://dx.doi.org/10.3109/02688697.2010.487130
http://dx.doi.org/10.3109/02688697.2010.487130
http://dx.doi.org/10.3174/ajnr.A5033
http://dx.doi.org/10.1097/RCT.0b013e31822bd498
http://dx.doi.org/10.1007/s003300000741
http://dx.doi.org/10.1177/197140090301600626
http://dx.doi.org/10.1136/neurintsurg-2014-011449
http://dx.doi.org/10.1016/j.jocn.2017.03.009
http://dx.doi.org/10.1016/j.jocn.2017.03.009
http://dx.doi.org/10.1177/159101991201800305
http://dx.doi.org/10.1177/0284185113502335
http://dx.doi.org/10.3348/kjr.2014.15.1.161
http://dx.doi.org/10.1016/j.neurad.2016.10.004
http://dx.doi.org/10.1212/CON.0000000000000640
http://dx.doi.org/10.1136/neurintsurg-2017-013625
http://dx.doi.org/10.1136/neurintsurg-2017-013625
http://dx.doi.org/10.1177/1591019918785910
http://dx.doi.org/10.1371/journal.pone.0203615
http://dx.doi.org/10.1136/neurintsurg-2017-013231
http://dx.doi.org/10.1136/neurintsurg-2017-013311
http://jnis.bmj.com/

	MRA versus DSA for the follow-up imaging of intracranial aneurysms treated using endovascular techniques: a meta-analysis
	Abstract
	Introduction
	Methods
	Study acquisition
	Study inclusion
	Data acquisition
	Study quality
	Data analysis

	Results
	Study inclusion
	GRADE assessment
	Data analysis

	Discussion
	Conclusion
	References


