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Endovascular Treatment of Ruptured Blister-Like Aneurysms:
A Systematic Review and Meta-Analysis with Focus

on Deconstructive versus Reconstructive

and Flow-Diverter Treatments

A. Rouchaud, H). Cloft, and “*'D.F. Kallmes

W. Brinjikji,

ABSTRACT

BACKGROUND AND PURPOSE: Various endovascular techniques have been applied to treat blister-like aneurysms. We performed a
systematic review to evaluate endovascular treatment for ruptured blister-like aneurysms.

MATERIALS AND METHODS: We performed a comprehensive literature search and subgroup analyses to compare deconstructive versus
reconstructive techniques and flow diversion versus other reconstructive options.

RESULTS: Thirty-one studies with 265 procedures for ruptured blister-like aneurysms were included. Endovascular treatment was
associated with a 72.8% (95% Cl, 64.2%—81.5%) mid- to long-term occlusion rate and a 19.3% (95% Cl, 13.6%—25.1%) retreatment rate.
Mid- to long-term neurologic outcome was good in 76.2% (95% Cl, 68.9%—8.4%) of patients. Two hundred forty procedures (90.6%)
were reconstructive techniques (coiling, stent-assisted coiling, overlapped stent placement, flow diversion) and 25 treatments (9.4%)
were deconstructive. Deconstructive techniques had higher rates of initial complete occlusion than reconstructive techniques
(77.3% versus 33.0%, P = .0003) but a higher risk for perioperative stroke (29.1% versus 5.0%, P = .04). There was no difference in good
mid- to long-term neurologic outcome between groups, with 76.2% for the reconstructive group versus 79.9% for the deconstruc-
tive group (P = .30). Of 240 reconstructive procedures, 62 (25.8%) involved flow-diverter stents, with higher rates of mid- to
long-term complete occlusion than other reconstructive techniques (90.8% versus 67.9%, P = .03) and a lower rate of retreatment
(6.6% versus 30.7%, P < .0001).

CONCLUSIONS: Endovascular treatment of ruptured blister-like aneurysms is associated with high rates of complete occlusion and good
mid- to long-term neurologic outcomes in most patients. Deconstructive techniques are associated with higher occlusion rates but a
higher risk of perioperative ischemic stroke. In the reconstructive group, flow diversion carries a higher level of complete occlusion and

similar clinical outcomes.

ABBREVIATION: BLA = blister-like aneurysm

lister-like aneurysms (BLAs) are intracranial arterial lesions

originating at nonbranching sites of the dorsal supraclinoid
internal carotid artery and basilar artery. BLAs account for
0.3%—1% of intracranial aneurysms and 0.9%—6.5% of ruptured
aneurysms.'® They are attributed to subadventitial dissections
resulting in a focal wall defect with absence of internal elastic
lamina and media, leading, in most cases, to acute subarachnoid
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hemorrhage. The arterial gap is only covered with adventitia and
thin fibrinous tissue.””'°

Ruptured BLAs have a high mortality rate. Furthermore, treat-
ment of these lesions is technically difficult because they often lack
a defined neck and the aneurysm sac has a very thin wall.>''""?
Thus, ruptured BLAs are associated with high rates of spontane-
ous or treatment-induced rebleed and death, regardless of treat-
ment type.>*!>!*

Many surgical techniques such as wrapping or trapping with
bypass have been described for the treatment of these lesions.
However, such techniques are often associated with high periop-
erative morbidity and mortality rates.*'*'"!*!52% Because of
these results, endovascular techniques, both reconstructive and
deconstructive, have emerged as the treatment of choice due to
perceived lower rates of treatment-related morbidity and higher

efficacy.”*'>?'*> However, because of the rarity of these lesions,
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most series on endovascular treatment of BLAs are small retro-
spective single-center case series. Thus, the efficacy and safety of
endovascular treatment of these lesions have not been well-estab-
lished.* In addition, little is known regarding whether reconstruc-
tive techniques with parent artery preservation are associated with
similar rates of angiographic occlusion and improved clinical out-
comes compared with deconstructive parent artery sacrifice."”
Therefore, we performed a systematic review of the literature ex-
amining the overall efficacy of endovascular treatments for rup-
tured BLAs and comparing outcomes of reconstructive tech-
niques such as stent placement, flow diversion, and stent-assisted
coiling with deconstructive techniques such as parent artery oc-
clusion and trapping. We also performed a subgroup analysis
comparing the safety and efficacy of flow-diverter treatment with
other reconstructive techniques.

MATERIALS AND METHODS

Literature Search

We identified all studies published between 1980 and November
2014 that reported patients treated with endovascular therapy for
ruptured BLAs. A comprehensive literature search of the data-
bases PubMed, Ovid MEDLINE, and Ovid EMBASE was designed
and conducted by an experienced librarian with input from the

» « » o«

authors. The key words “blister,” “aneurysm,” “endovascular,”

» <« »

“coil,” “clip,” “stent,” “intravascular,” and “flow diverter” were
used in both “AND” and “OR” combinations. Studies were se-
lected by using the following criteria: 1) ruptured BLAs treated by
an endovascular approach; 2) involving subjects 18 years of age or
older; 3) with available data on clinical and/or angiographic out-
comes; 4) retrospective or prospective with at least 3 patients; and
5) published in English.

Two authors jointly searched the data base and selected poten-
tially relevant articles on the basis of the title and abstract and
obtained the full text for detailed review. We also searched the
reference lists of retrieved articles and published review articles
for additional studies. We also screened duplicate publications
that drew on the same datasets (ie, data overlapped that in other
included studies); only the publication with the most complete
data was included. The included studies reported their own defi-
nition of blister aneurysms with homogeneity in the classification
as small lesions without a defined neck located at nonbranching
sites. The included series are homogeneous according to the def-
inition of blister aneurysms as small lesions without definite neck
located at nonbranching sites and with a dome/neck ratio of <1.
Some included cohorts reported larger aneurysms, which are
mainly a recurrence after a first treatment. All of the included
series stated that the aneurysms were all blister aneurysms accord-
ing to their “Materials and Methods” section.

Data were extracted independently by 2 authors by using a
standardized form, and any disagreement was resolved by consen-
sus. We did not contact the authors of the studies to request in-
complete or unpublished data. For each study, we extracted the
following data: patient demographics, initial clinical status (Hunt
and Hess scale grade), treatment technique (coiling, stent-assisted
coiling, stent placement alone, flow-diverter stent, endovascular
parent artery occlusion), immediate angiographic occlusion,
mid- to long-term angiographic occlusion, perioperative morbid-
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ity (resulting from procedural complications), perioperative
mortality (all causes), rebleeding (for ruptured only), recurrence,
retreatment, and mid- to long-term good neurologic outcome
(>3 months of follow-up). Good neurologic outcome was de-
fined as a modified Rankin Scale score of =2. In cases in which a
modified Rankin Scale score was not available, good neurologic
outcome was determined if the study used terms such as “no
morbidity” or “good recovery.”

Outcomes were obtained for the overall population of patients
receiving endovascular treatment of ruptured BLAs. Separate
analyses were also performed comparing outcomes between pa-
tients receiving reconstructive techniques with preservation of the
parent artery, including coiling, stent placement, stent-assisted
coiling, or flow-diverter stent versus those undergoing decon-
structive techniques such as endovascular trapping or parent ar-
tery occlusion. Patients undergoing parent artery occlusion with
surgical bypass were excluded. In addition, we compared out-
comes between patients treated with a flow-diverter stent versus
other reconstructive endovascular treatments.

Statistical Analysis

All included studies were noncomparative. From each cohort, we
estimated the cumulative incidence (event rate) and 95% confi-
dence interval for each outcome. Event rates for each intervention
were pooled in a meta-analysis across studies by using the random

effects model.”®

Anticipating heterogeneity among studies, we
chose this model a priori because it incorporates within-study
variance and between-study variance. For all outcomes, we quan-
tified between-study heterogeneity by using a homogeneity test
based on the Cochran Q statistics and by calculating the I°

statistics.?”

RESULTS

Literature Review

The initial literature search yielded 157 articles. On initial abstract
and title review, we excluded 72 studies: 20 studies because they
dealt with surgical treatment, 20 because they did not report de-
tailed outcomes for blister aneurysms, and 32, because they were
either case reports or had fewer than 3 patients. Eighty-five studies
were reviewed in additional detail. Of them, 20 were excluded
because they reported only surgical treatments; 24, because they
did not report detailed clinical outcomes; and 10, because they
were review articles. The identified non-English publications ex-
cluded from the analysis were all case reports with fewer than 3
patients.

In total, 31 studies with 258 patients with ruptured BLAs were
included. Seventy-three percent of patients were women, their
mean age was 47.6 years (range, 19—84 years), 19.3% (44/228) of
patients had a grade 4 or 5 Hunt and Hess scale hemorrhage, and
the mean dome size of the blister aneurysms was 2.4 mm (range,
1-12 mm). This wide range in the aneurysm sizes, up to 12 mm, is
because blister aneurysms are characterized by early frequent re-
currence and some of the studies from our analysis included re-
growth of blister aneurysms. Overall, 265 procedures were in-
cluded; of them, 25 treatments (9.4%) were deconstructive
techniques and 240 procedures (90.6%) were reconstructive
techniques. Of the 240 reconstructive procedures, 62 (25.8%) in-



volved flow-diverter stents and 178 were non-flow-diverter re-
constructive techniques with stent-assisted coiling in 106, coiling
with or without balloon remodeling in 15, stent placement (1 or
several overlapped stents) in 45, Onyx (Covidien, Irvine, Califor-
nia) with stent in 3, and merged reconstructive techniques in 9.
Mean follow-up was 14.2 months (range, 1-54) with at least 6
months for 23 of the 31 studies. A summary of the included stud-
ies is provided in the On-line Table.

Overall Outcomes of Endovascular Treatment of
Ruptured BLAs

When we considered all patients treated with either reconstruc-
tive or deconstructive techniques, immediate occlusion rate was
40.6% (62/172; 95% CI, 28.5%-52.7%) and mid- to long-term
occlusion rate was 72.8% (197/266; 95% CI, 64.2%—81.5%). The

Table 1: Outcomes of the overall population

retreatment rate was 19.3% (52/265; 95% CI, 13.6%-25.1%).
Perioperative intracranial hemorrhage occurred in 7.0% (18/245;
95% CI, 4.1%-9.9%) of procedures and rebleeding of the BLA
occurred in 8.3% (17/242; 95% CI, 5.0%-11.5%) of cases. The
overall perioperative complication incidence rate was 12.6% (37/
2515 95% CI, 8.3%—-16.8%). The perioperative morbidity rate was
13.4% (34/225; 95% CI, 8.9%-17.9%), and the perioperative
stroke rate was 8.1% (18/230; 95% CI, 4.7%-11.5%). All-cause
perioperative mortality was 7.3% (16/265; 95% CI, 4.4%-10.1%).
Mid- to long-term neurologic outcome was good in 76.2% (207/
265; 95% CI, 68.9%—8.4%) of patients. These data are summa-
rized in Table 1.

Deconstructive versus Reconstructive Techniques

Patients treated with deconstructive techniques had higher rates

of complete occlusion on immediate posttreatment angiography
than those treated with reconstructive

% (95%C) z techniques (77.3% versus 33.0%, P =

Outcome No. Events/Patients
Procedural complications 37/251
Perioperative stroke 18/230
Initial occlusion 62/172
Perioperative mortality 16/265
Perioperative morbidity 34/225
Perioperative ICH 18/245
Early rebleeding 17/242
Retreatment 49/259
Mid- to long-term occlusion 196/263
Mid- to long-term good neurologic outcome 200/259

.0003, Fig 1) but had a higher risk for

126(83-168) 21 . . .
8.1(4.7-11.5) 1o  Perioperative stroke (29.1% versus
40.6 (28.5-52.7) 81 5.0%, P = .04, Fig 2). No other statisti-

7.3(4.4-10.1) 0  callysignificant difference was noted be-
134(89-17.9) 15
7.0 (41-9.9) 0

8.3 (5.0-11.5) 0
71(M9-223) 38
74.0 (655-825) 72
76.1(68.5-83.7) 68

tween deconstructive and reconstructive
techniques for the treatment of ruptured
BLAs. Specifically, mid- to long-term
good clinical outcome rates were similar
between the reconstructive (76.2%; 95%

Note:—ICH indicates intracranial hemorrhage.

Studies Estimate (95% C.I.)
Ashour, JNIS, 2014, Deconstructive 0.750 (0.150, 1.350)
Cinar, Neuroradiology, 2013 0.750 (0.150, 1.350)
Fang, Clinical neurology and neurosurgery, 2013, Deconstructive 0.750 (0.150, 1.350)
Gonzalez, European Journal of radiology, 2014, Deconstructive ~ 0.250 (-0.350, 0.850)
Matsubara, Acta Neurochir, 2011, Deconstructive 0.750 (0.150, 1.350)
Meckel, AJNR, 2011, Deconstructive 0.750 (0.150, 1.350)
Park, J Neurosurg, 2007, Deconstructive 0.900 (0.637, 1.163)
Meling et al, J Neurosurg, 2008, Deconstructive 0.750 (0.150, 1.350)
Subgroup D (1*2=0 % , P=0.797) 0.773 (0.601, 0.945)
Ashour, JNIS, 2014, Reconstructive 0.300 (0.016, 0.584)
Aydin, JNIS, 2015 0.042 (-0.071, 0.155)
Bulsara, Neurosurgery, 2013 0.917 (0.696, 1.138)
Causin, Interv Neuroradiol, 2011 0.125 (-0.199, 0.449)
Chalouhi, Neurosurgery, 2014 0.917 (0.696, 1.138)
Chinchure, Neurol India, 2014 0.294 (0.078, 0.511)
Fang, Clinical neurology and neurosurpgery, 2013, Reconstructive 0.143 (-0.116, 0.402)
Fang, Clinical neurology and neurosurgery, 2014 0.400 (0.152, 0.648)
Galal, British Journal Neurosurgery, 2013 0.125 (-0.199, 0.449)
Gaughen, AJNR, 2010 0.500 (0.100, 0.900)
Gonzalez, European Journal of radiology, 2014, Reconstructive ~ 0.333  (0.025, 0.641)
Hu, JNIS, 2014 0.333 (-0.200, 0.867)
Ihn, Interventional Neuroradiology, 2012 0.714 (0.380, 1.049)
Kim YJ, Interventional Neuroradiology, 2014 0.056 (-0.094, 0.205)
Kim YW, Journal of Korean Neurosurgical society, 2011 0.125 (-0.199, 0.449)
Kulcsar, Neurosurgery, 2010 0.100 (-0.163, 0.363)
Lee, J Neurosurgery, 2009 0.556 (0.231, 0.880)
Matsubara, Acta Neurochir, 2011, Reconstructive 0.625 (0.290, 0.960)
Meckel, AJNR, 2011, Reconstructive 0.250 (0.005, 0.495)
Park, J Neurosurg, 2007, Reconstructive 0.062 (-0.105, 0.230)
Walsh, JNIS, 2014 0.286 (-0.049, 0.620)
Meling et al, J Neurosurg, 2008, Reconstructive 0.167 (-0.255, 0.588)
Subgroup R (1*2=82.03 % , P=0.000) 0.330 (0.203, 0.458)
Overall (1%2=80.89 % , P=0.000) 0.406 (0.285, 0.527)
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FIG 1. Meta-analysis. Comparison of initial occlusion rates between deconstructive and reconstructive techniques.
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Studies Estimate (95% C.I.)

Ashour, JNIS, 2014, Deconstructive 0.250 (-0.350, 0.850)
Cinar, Neuroradiology, 2013 0.250 (-0.350, 0.850)
Fang, Clinical neurology and neurosurgery, 2013, Deconstructive 0.750 (0.150, 1.350)
G European Journal of radiology, 2014, D uctive 0.750 (0.150, 1.350)
Hoya, Clinical neurology and gery, 2011, Decc 0.071 (-0.119, 0.262)
Kim BC, Neuroradiology, 2014 0.125 (-0.104, 0.354)
Matsubara, Acta Neurochir, 2011, Deconstructive 0.750 (0.150, 1.350)
Meckel, AJNR, 2011, Deconstructive 0.250 (-0.350, 0.850)
Park, J N g, 2007, D« 0.100 (-0.163, 0.363)
Meling et al, J Neurosurg, 2008, Deconstructive 0.750 (0.150, 1.350)
Subgroup D (142=42.67 % , P=0.073) 0.291 (0.119, 0.462)
Ashour, JNIS, 2014, Reconstructive 0.100 (-0.086, 0.286)
Aydin, JNIS, 2015 0.091 (-0.079, 0.261)
Bulsara, Neurosurgery, 2013 0.083 (-0.138, 0.304)
Causin, Interv Neuroradiol, 2011 0.333 (-0.200, 0.867)
Chalouhi, Neurosurgery, 2014 0.083 (-0.138, 0.304)
Chinchure, Neurol India, 2014 0.059 (-0.053, 0.171)
Cinar, Diagn Interv Radiol, 2013 0.100 (-0.163, 0.363)
Fang, Clinical neurology and neurosurgery, 2013, Reconstructive 0.062 (-0.105, 0.230)
Galal, British Journal Neurosurgery, 2013 0.125 (-0.199, 0.449)
Gaughen, AJNR, 2010 0.071 (-0.119, 0.262)
Gonzalez, European Journal of radiology, 2014, Reconstructive  0.222 (-0.049, 0.494)
Grant, Neurological research, 2014 0.083 (-0.138, 0.304)
Hoya, Clinical neurology and gery, 2011, Recc 0.667 (0.133, 1.200)
Hu, JNIS, 2014 0.125 (-0.199, 0.449)
Ihn, Interventional Neuroradiology, 2012 0.062 (-0.105, 0.230)
Kim YJ, Interventional Neuroradiology, 2014 0.056 (-0.094, 0.205)
Kulcsar, Neurosurgery, 2010 0.100 (-0.163, 0.363)
Lee, J Neurosurgery, 2009 0.050 (-0.085, 0.185)
Lim, Neurosurgery, 2013 0.014 (-0.025, 0.054)
Matsubara, Acta Neurochir, 2011, Reconstructive 0.125 (-0.104, 0.354)
McAuliffe, AUNR, 2012 0.083 (-0.138, 0.304)
Meckel, AJNR, 2011, Reconstructive 0.038 (-0.066, 0.143)
Park, J Neurosurg, 2007, Reconstructive 0.286 (-0.049, 0.620)
Walsh, JNIS, 2014 0.062 (-0.105, 0.230)
Yoon, Neurosurgery, 2014 0.182 (-0.046, 0.410)
Meling etal, JN g, 2008, R 0.167 (-0.255, 0.588)
Subgroup R (1*2=0 % , P=0.897) 0.050 (0.022, 0.077)
Overall (142=10.19 % , P=0.296) 0.081 (0.047, 0.115)
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FIG 2. Meta-analysis. Comparison of the perioperative stroke rate between deconstructive and reconstructive techniques.

Table 2: Meta-analysis—comparison of outcomes with deconstructive versus reconstructive techniques

Deconstructive (%) Deconstructive  Reconstructive (%) Reconstructive P

Outcome (95% CI) (5] (95% CI) (5] Value
Procedural complications 26.1(10.6-417) 25 10.1(6.1-14.1) 13 .63
Perioperative stroke 29.1(11.9-46.1) 43 5.0(22-7.7) 0 .04%
Initial occlusion 77.3(60.1-94.5) 0 33.0(20.3-45.8) 82 .0003?
Perioperative mortality 15.1(3.5-26.7) 3 6.7(3.8-9.7) 0 98
Perioperative morbidity 23.4(8.5-38.2) 28 10.5 (6.4-14.7) 5 .89
Perioperative ICH 124 (2.3-22.6) 0 6.5(3.4-9.6) 0 .89
Early rebleeding 1.0(0.9-212) 0 8.0 (4.6-114) 0 83
Retreatment 19.0 (5.3-32.8) 0 17.2(113-23.0) 49 51
Mid- to long-term occlusion 81.0 (67.2-94.7) 0 73.6 (63.8-83.3) 78 20
Mid- to long-term good neurologic outcome 79.9 (64.7-95.0) 19 76.2(67.5-84.8) 74 30

Note:—ICH indicates intracranial hemorrhage.
2 Significant.

groups (79.9%; 95% CI, 64.7%—-95.0%) (P =
summarized in Table 2.

.30). These data are

Flow-Diverter Arterial Reconstruction versus Other
Non-Flow-Diverter Reconstructive Techniques

Patients treated with flow-diverter stents had higher rates of
mid- to long-term complete occlusion than those treated with
other reconstructive techniques (90.8% versus 69.7%, P =
.005, Fig 3) and a lower rate of retreatment (6.6% versus 27.1%,
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P =.0002, Fig 4). Perioperative morbidity rates were similar in
the flow-diverter group compared with the non-flow-diverter
reconstructive group (12.6% versus 13.2%, P = .64). Periop-
erative mortality was 8.7% (95% CI, 2.1%—15.2%) in the flow-
diverter group versus 7.2% (95% CI, 3.5%-15.9%) in the non-
flow-diverter reconstructive group (P = .46). Mid- to long-
term good clinical outcome rates were statistically similar
between the flow-diverter group (86.0%; 95% CI, 77.8%—
94.2%) and non-flow-diverter reconstructive group (75.0%;



Studies Estimate (95% C.I.)

Ashour, JNIS, 2014 0.700 (0.416, 0.984)
Bulsara, Neurosurgery, 2013 0.917 (0.696, 1.138)
Chinchure, Neurol India, 2014 0.647 (0.420, 0.874)
Fang, Clinical neurology and neurosurgery, 2013 0.143 (-0.116, 0.402)
Fang, Clinical neurology and neurosurgery, 2014 0.800 (0.598, 1.002)
Galal, British Journal Neurosurgery, 2013 0.667 (0.133, 1.200)
Gaughen, AJNR, 2010 0.833 (0.535, 1.132)
Gonzalez, European Journal of radiology, 2014 0.833 (0.535, 1.132)
Grant, Neurological research, 2014 0.917 (0.696, 1.138)
Ihn, Interventional Neuroradiology, 2012 0.857 (0.598, 1.116)
Kim YJ, Interventional Neuroradiology, 2014 0.375 (0.040, 0.710)
Kim YW, Journal of Korean Neurosurgical society, 2011 0.875 (0.551, 1.199)
Lee, J Neurosurgery, 2009 0.889 (0.684, 1.094)
Lim, Neurosurgery, 2013 0.824 (0.695, 0.952)
Matsubara, Acta Neurochir, 2011 0.750 (0.450, 1.050)
Meckel, AUNR, 2011 0.750 (0.505, 0.995)
Park, J Neurosurg, 2007 0.062 (-0.105, 0.230)
Walsh, JNIS, 2014 0.714 (0.380, 1.049)
Subgroup R (1%2=82.37 % , P=0.000) 0.697 (0.561, 0.834)
Aydin, JNIS, 2015 0.958 (0.845, 1.071)
Causin, Interv Neuroradiol, 2011 0.875 (0.551, 1.199)
Chalouhi, Neurosurgery, 2014 0.917 (0.696, 1.138)
Cinar, Diagn Interv Radiol, 2013 0.750 (0.326, 1.174)
Cinar, Neuroradiology, 2013 0.929 (0.738, 1.119)
Gonzalez, European Journal of radiology, 2014, flow diverter 0.875 (0.551, 1.199)
Hu, JNIS, 2014 0.875 (0.551, 1.199)
Kulcsar, Neurosurgery, 2010 0.875 (0.551, 1.199)
Lin, JNIS, 2014 0.944 (0.795, 1.094)
McAuliffe, AUNR, 2012 0.800 (0.449, 1.151)
Yoon, Neurosurgery, 2014 0.636 (0.352, 0.921)
Subgroup RF (1°2=0 % , P=0.847) 0.908 (0.842, 0.973)
Overall (1*2=77.93 % , P=0.000) 0.761 (0.666, 0.856)

FIG 3. Meta-analysis. Comparison of mid- to long-term occlusion
diverter techniques.

95% CI, 63.7%—86.2%) (P = .23). Perioperative intracranial
hemorrhage rates were similar between the flow-diverter
(7.6%; 95% CI, 0.8%-14.9%) and non-flow-diverter recon-
structive group (6.3%; 95% CI, 2.6%-9.7%) techniques (P =
.21). These data are summarized in Table 3.

DISCUSSION
Our meta-analysis demonstrated that both deconstructive (endo-
vascular parent artery occlusion) and reconstructive (stenting/
stent-assisted coiling/flow-diversion) techniques are effective in
the treatment of ruptured BLAs. Deconstructive techniques
achieved higher rates of initial complete angiographic occlusion
compared with reconstructive techniques, albeit with higher rates
of periprocedural stroke. However, there were no statistically sig-
nificant differences between deconstructive and reconstructive
techniques on mid- to long-term occlusion rates, retreatment,
rebleeding, or clinical outcomes. Stroke severity was not reported
in most of the studies; but it is possible that perioperative strokes
were minor and did not result in substantial morbidity. Overall,
these findings suggest that reconstructive techniques are as effec-
tive and potentially safer than endovascular parent artery occlu-
sion, considering the ischemic risk. These findings are important,
especially in deciding treatment options for patients who cannot
tolerate parent artery occlusion.

When considering differences between different reconstruc-
tive techniques, our meta-analysis demonstrated that flow-di-
verter stents result in better occlusion rates and lower retreatment
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rates between non-flow-diverter reconstructive techniques and flow-

rates than non-flow-diverter reconstructive techniques (simple
coiling, stent-assisted coiling, or overlapped stents). We found a
trend toward better clinical outcomes with flow-diverter tech-
niques, but our results were not statistically significant. These
findings are particularly important given the increased use of
flow-diverter stent placement in the treatment of complex intra-
cranial aneurysms.

Most interesting is the higher rate of the overall mid- to long-
term occlusion (72.8%; range, 64.2%—81.5%) compared with ini-
tial occlusion (40.6%; range, 28.5%—52.7%). We suppose that this
improvement is mainly due to the remodeling after flow diversion
because the patients treated with flow-diverter stents experienced
an occlusion rate increase from 35.9% to 90.8%, while patients
treated with non-flow-diverter reconstructive techniques experi-
enced an increase from 32.8% initial occlusion to 67.9% at mid-
to long-term follow-up and occlusion rates were quite stable for
deconstructive techniques, varying only from 77.3% to 81% be-
tween initial and mid- to long-term evaluations. This increase in
occlusion rates is potentially also driven by the interruption of
antiplatelet treatment for flow-diversion and non-flow-diversion
reconstructive techniques.

Comparing the safety and efficacy of various surgical and en-
dovascular techniques in the treatment of BLAs is difficult be-
cause most studies were small single-center case series and did not
compare the efficacy of various treatments. One recent systematic
review published by Gonzalez et al* evaluated the overall out-
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Studies Estimate (95% C.I.)
Ashour, JNIS, 2014 0.200 (-0.048, 0.448)
Bulsara, Neurosurgery, 2013 0.083 (-0.138, 0.304)
Chinchure, Neurol India, 2014 0.118 (-0.036, 0.271)
Fang, Clinical neurology and neurosurgery, 2013 0.429 (0.062, 0.795)
Fang, Clinical neurology and neurosurgery, 2014 0.200 (-0.002, 0.402)
Gaughen, AJNR, 2010 0.500 (0.100, 0.900)
Gonzalez, European Journal of radiology, 2014 0.833 (0.535, 1.132)
Grant, Neurological research, 2014 0.083 (-0.138, 0.304)
Ihn, Interventional Neuroradiology, 2012 0.286 (-0.049, 0.620)
Kim YJ, Interventional Neuroradiology, 2014 0.056 (-0.094, 0.205)
Kim YW, Journal of Korean Neurosurgical society, 2011 0.333 (-0.200, 0.867)
Lee, J Neurosurgery, 2009 0.333  (0.025, 0.641)
Lim, Neurosurgery, 2013 0.235 (0.093, 0.378)
Matsubara, Acta Neurochir, 2011 0.375 (0.040, 0.710)
Meckel, AUNR, 2011 0.250 (0.005, 0.495)
Park, J Neurosurg, 2007 0.714 (0.380, 1.049)
Walsh, JNIS, 2014 0.286 (-0.049, 0.620)
Meling et al, J Neurosurg, 2008 0.167 (-0.255, 0.588)
Subgroup R (12=56.46 % , P=0.002) 0.271 (0.179, 0.363)
Aydin, JNIS, 2015 0.042 (-0.071, 0.155)
Causin, Interv Neuroradiol, 2011 0.125 (-0.199, 0.449)
Chalouhi, Neurosurgery, 2014 0.083 (-0.138, 0.304)
Cinar, Diagn Interv Radiol, 2013 0.100 (-0.163, 0.363)
Cinar, Neuroradiology, 2013 0.071 (-0.119, 0.262)
Gonzalez, European Journal of radiology, 2014, FD 0.333 (-0.200, 0.867)
Hu, JNIS, 2014 0.125 (-0.199, 0.449)
Kulcsar, Neurosurgery, 2010 0.333 (-0.200, 0.867)
Lin, JNIS, 2014 0.056 (-0.094, 0.205)
McAuliffe, AJNR, 2012 0.083 (-0.138, 0.304)
Yoon, Neurosurgery, 2014 0.042 (-0.071, 0.155)
Subgroup RF (1*2=0 % , P=0.988) 0.066 (0.009, 0.123)
Overall (1*2=50.76 % , P=0.001) 0.189 (0.126, 0.252)
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FIG 4. Meta-analysis. Comparison of retreatment rates between non-flow-diverter reconstructive techniques and flow-diverter techniques.

Table 3: Meta-analysis—comparison of outcomes with flow-diverter versus non-flow-diverter reconstructive techniques

Flow-Diverter

Flow-Diverter

Non-Flow-Diverter

Non-Flow-Diverter

Reconstructive (%) Reconstructive Reconstructive (%) Reconstructive P

Outcome (95% CI) () (95% CI) () Value
Retreatment 6.6 (0.9-12.3) 0 27.1(17.9-36.3) 56 .0002°
Procedural complications 17.0(6.3-27.7) 28 7.8 (3.9-17) 4 21
Perioperative stroke 1.5 (3.1-19.9) 0 4.2(1.3-7]) 0 77
Perioperative mortality 8.7 (21-15.2) 0 7.2(3.5-10.9) 0 46
Perioperative morbidity 12.6 (3.3-22.0) 0 13.2(7.1-19.2) 26 64
Perioperative ICH 7.6(0.8-14.7) 0 63(2.6-9.7) 0 21
Mid to long-term occlusion 90.8 (84.2-97.3) 0 69.7 (56.1-83.4) 83 .005%
Initial occlusion 35.9(0.0-72.0) 76 32.8(19.7-45.9) 90 79
Mid- to long-term good neurologic 86.0(77.8-94.2) 80 75.0 (63.7-86.2) 0 23

outcome

Early rebleeding 6.5(0.0-12.8) 0 8.7 (4.6-12.8) 0 .06

Note:—ICH indicates intracranial hemorrhage.
@ Significant.

comes of patients with BLAs but pooled patients with and without
rupture and surgical with endovascular treatments. This previous
review included 87 patients treated with a primary endovascular
approach, with rates of morbidity and mortality for endovascular
techniques slightly higher than the numbers presented here. In
the Gonzalez et al* study, surgical morbidity for BLAs was esti-
mated to be 21%, with a mortality rate of 17%, which is much
higher than that observed in our systematic review, suggesting a
favorable efficacy and safety profile for endovascular treatment in
the management of ruptured BLAs. The higher morbidity and
mortality rates among surgically treated aneurysms may be partly
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because these aneurysms lack a definitive saccular component
and the parent vessel wall is often friable and involves a long vessel
segment. These qualities tend to result in high rates of intraoper-
ative rupture.”*®

To date, no large studies have compared the safety and efficacy
of deconstructive and reconstructive endovascular techniques in
the treatment of BLAs, to our knowledge. Reconstructive tech-
niques should be strongly considered over deconstructive tech-
niques in the treatment of BLAs for the following reasons: First,
many patients are unable to tolerate balloon test occlusion of the
parent vessel, and in these situations, reconstructive techniques



may be the only available treatment option. Vasospasm is a com-
monly reported complication of subarachnoid hemorrhage re-
sulting from BLA rupture. Deconstructive techniques may inter-
fere with endovascular access for the treatment of potential
delayed vasospasm, whereas reconstructive techniques with pres-
ervation of parent artery flow would allow access and treatment of
vasospasm, when needed.”* In addition, the preservation of the
parent artery flow can also result in the preservation of normal
intracranial vascular hemodynamics.*

A number of reconstructive techniques have been used in
the treatment of BLAs. Previous studies have reported the use
of a stent-in-stent technique to promote flow diversion and
decrease the hemodynamic stress on the BLAs without an in-
trasaccular device. However, the results of such treatments are
complicated by high recurrence rates and a risk for stent mis-
deployment.?'*>?%° Endovascular treatment by using a tra-
ditional approach of coil embolization (with or without ad-
junctive stent placement) is difficult because of the very small
size of BLAs without a defined saccular component to allow the
introduction of coils safely.>'*?'*? In fact, the placement of
coils into the saccular component of BLAs is a potentially dan-
gerous maneuver and may cause perforation and rehemor-
rhage.28 Furthermore, the effectiveness of coil embolization
for the management of dorsal wall ICA aneurysms remains

controversial.**

One major disadvantage of flow diverters is
the need for dual antiplatelet therapy in the acute phase of
ruptured aneurysms. However, despite the uniform use of
these medications in the perioperative period among flow-di-
verter placements, this meta-analysis demonstrated similar re-
bleeding, hemorrhage, and clinical outcomes between flow-
diverter and other reconstructive therapies and higher rates of
angiographic occlusion with flow diverters. These results sug-
gest that in the correct clinical setting, flow diverters may be
superior to other reconstructive methods in the treatment of
BLAs.

Strengths and Limitations

The strengths of this study include following: an a priori estab-
lished protocol, a comprehensive literature search that involved
multiple databases, and the process of study selection by indepen-
dent reviewers. The main limitation of this analysis is the non-
comparative nature of the studies. Our study undoubtedly has
publication bias. Moreover, treatment modalities have varied
during the time course of the published series; these differences
make standardization of treatment paradigms difficult. Further-
more, given the small size of some of the treatment groups in-
cluded in this analysis, our ability to detect differences among
groups is limited. Last, uniform assessment and reporting of com-
plications in a standardized fashion were lacking. When we used
the Grading of Recommendations, Assessment, Development
and Evaluation framework, the quality of evidence (confidence in
estimates) was very low because of imprecision, heterogeneity,
and methodologic limitations of the included studies; most im-
portant, they were noncomparative.’>>® Nevertheless, to the best
of our knowledge, this systematic review is the first one focusing
on endovascular treatment for ruptured BLAs. The last systematic
review of BLAs published in 2014 by Gonzalez et al* reported only

87 patients treated with a primary endovascular approach. Given
the low number of reported BLAs and the difficulty of collecting
prospective data, this meta-analysis provides useful information
to share with patients and families when assessing the risks of
treatment of BLAs and represents a benchmark against which
future studies can be compared.

CONCLUSIONS

Endovascular treatment of ruptured BLAs is associated with high
rates of complete occlusion and good mid- to long-term neuro-
logic outcomes. Deconstructive techniques result in higher rates
of immediate complete angiographic occlusion but carry a higher
risk of ischemic complications compared with reconstructive
techniques. Among reconstructive techniques, flow diversion ap-
pears to have a higher rate of complete occlusion and lower rate of
retreatment. Use of either deconstructive or reconstructive endo-
vascular treatment seems to be safe and effective in the right clin-
ical setting. When one opts for the reconstructive treatment, flow
diversion appears to be a reasonable choice despite the need for
antiplatelet treatment.
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