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Flow Diversion in Ruptured Intracranial Aneurysms:

ABSTRACT

A Meta-Analysis

D.T. Cross Ill, and ““A.P. Kansagra

T.P. Madaelil, **’CJ. Moran,

BACKGROUND: Flow diversion is now an established technique to treat unruptured intracranial aneurysms not readily amenable to
endovascular coil embolization or open microsurgical occlusion. The role of flow-diverting devices in treating ruptured aneurysms is less
clear.

PURPOSE: To estimate rates of angiographic occlusion and good clinical outcome in patients with ruptured intracranial aneurysms
treated with flow-diverting devices.

DATA SOURCES: Systematic review of Ovid MEDLINE, PubMed, Cochrane databases, and EMBASE from inception to December 2015 for
articles that included ruptured aneurysms treated with flow diversion.

STUDY SELECTION: One hundred seventy-two records were screened, of which 20 articles contained sufficient patient and outcome
data for inclusion.

DATA ANALYSIS: Clinical and radiologic characteristics, procedural details, and outcomes were extracted from these reports. Aggre-
gated occlusion rates and clinical outcomes were analyzed by using the Fisher exact test (statistical significance, a« = .05).

DATA SYNTHESIS: Complete occlusion of the aneurysm was achieved in 90% of patients, and favorable clinical outcome was attained
in 81%. Aneurysm size greater than 7 mm was associated with less favorable clinical outcomes (P = .027). Aneurysm size greater than
2 cm was associated with a greater risk of rerupture after treatment (P < .001).

LIMITATIONS: Observational studies and case reports may be affected by reporting bias.

CONCLUSIONS: Although not recommended as a first-line treatment, the use of flow diverters to treat ruptured intracranial aneurysms
may allow high rates of angiographic occlusion and good clinical outcome in carefully selected patients. Aneurysm size contributes to

treatment risk because the rerupture rate following treatment is higher for aneurysms larger than 2 cm.

ABBREVIATIONS: FD = flow diverter; GOS = Glasgow Outcome Scale

Endovascular treatment of intracranial aneurysms with detach-
able coils was first described in 1991" and has since become an
established method of aneurysm treatment. The International
Study of Unruptured Intracranial Aneurysms”® and Analysis of
Treatment by Endovascular Approach of Nonruptured Aneu-
rysms (ATENA)® demonstrated the effectiveness and relative
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safety of endovascular coiling for unruptured aneurysms. Simi-
larly, the International Subarachnoid Aneurysm Trial (ISAT), the
Barrow Ruptured Aneurysm Trial, and other trials*” have dem-
onstrated the effectiveness and relative safety of endovascular
coiling in ruptured aneurysms.

In recent years, flow diverters (FDs) have emerged as a new
endovascular treatment option for intracranial aneurysms. FDs
are a reconstructive treatment in which altered flow within an
aneurysm induces gradual remodeling and eventual thrombosis
of the aneurysm. Several studies have demonstrated good safety
and efficacy of FDs for the treatment of unruptured intracranial
aneurysms,® '’ though the safe use of these devices requires the
use of dual antiplatelet therapy.'®>°

Understandably, the need for antiplatelet medications and
the delayed nature of aneurysm thrombosis have tempered en-
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thusiasm for using FDs for ruptured aneurysms. Nevertheless,
several reports have described the use of FDs to treat recently
ruptured aneurysms, particularly those that are difficult to
treat by other endovascular or open microsurgical techniques.

In this meta-analysis, we review the outcomes associated with
the use of FDs for the treatment of ruptured intracranial aneu-
rysms. Specifically, we review aneurysm characteristics and endo-
vascular treatment strategies in relation to the rates of angio-
graphic occlusion and good clinical outcome, with the overall goal
of guiding FD use in ruptured aneurysms when other treatment
options are not viable.

MATERIALS AND METHODS

Literature Search

Systematic review of Ovid Medline, PubMed, the Cochrane Cen-
tral Register of Controlled Trials, the Cochrane Database of Sys-
temic Reviews, and EMBASE from inception to December 2015
was performed by using the terms “rupture” and “aneurysm” in
all permutations with “pipeline embolization,” “flow diversion,”
or “flow diverting stent.” The search was restricted to human
studies in English. Bibliographies of all studies were also reviewed
to identify additional relevant studies.

Eligibility Criteria

All titles and abstracts were screened for eligibility. Studies that
provided patient-level information regarding clinical presenta-
tion of subarachnoid hemorrhage, aneurysm characteristics, pro-
cedural details, periprocedural complications, occlusion status,
and clinical status at last follow-up were deemed eligible. If studies
included treatment of both ruptured and unruptured aneurysms,
only the information from ruptured aneurysms was included.

Data Synthesis and Analysis
Following eligibility verification, data were extracted from the
manuscript text, patient demographic tables and on-line tables,
and figures. These data were entered into a predefined digitized
form according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: The PRISMA Statement. These data
points included patient characteristics of age, sex, and clinical
status at admission (Hunt and Hess scale/World Federation of
Neurosurgical Societies score, and the Fisher scale); aneurysm
characteristics, including type, size, and location; procedural de-
tails such as time to treatment and devices used, including the type
of FD and adjunctive devices (eg, coils) used before or during FD
placement; and outcomes, including periprocedural complica-
tions, aneurysmal occlusion status, clinical outcome, and dura-
tion of both clinical and angiographic follow-up. Time to treat-
ment was classified as acute if FD placement occurred within 15
days of initial SAH and delayed otherwise. The clinical score at
presentation was classified as good for Hunt and Hess/World Fed-
eration of Neurosurgical Societies scores of 1-3 and poor for
scores of 4—5.>' Clinical outcome was classified by the Glasgow
Outcome Scale (GOS) or mRS at last clinical follow-up. Favorable
clinical outcome was defined as GOS = 4-5 or mRS = 0-2, and
unfavorable clinical outcomes corresponded to GOS = 1-3 or
mRS = 3-6.

Data for each patient were analyzed as if all patients belonged

172 studies

Eligibility screening

A 4

20 studies

Data extraction

A

126 patients

FIG1. Simplified flowchart of literature search strategy.

to a single cohort.”” The association among demographic and
clinical risk factors, periprocedural complication rate, occlusion
rate based on device selection, and favorable outcome was evalu-
ated by using the Fisher exact and 2-tailed ¢ tests for categorical
and continuous variables, respectively. Data are reported as sim-
ple proportions. The threshold of statistical significance was a =
.05. All statistical analyses were performed by using SPSS, Version
22 (IBM, Armonk, New York) and Excel 2007 (Microsoft, Red-
mond, Washington).

RESULTS

Studies and Aneurysm Characteristics

The initial electronic search yielded 172 records (Fig 1). Large
observational studies that shared institutional data bases with
smaller reported case series were excluded to prevent case dupli-
cation. Studies that did not report individual patient data points
were also excluded. Ultimately, 20 observational studies and case
reports representing 126 distinct cases met the inclusion criteria
(Online Table).

Median age was 51 years (interquartile range, 45—60 years),
and 71% of patients were women. The median Hunt Hess/World
Federation of Neurosurgical Societies grading scale at presenta-
tion was 2 (interquartile range, 1-3). The median aneurysm size
was 3.5 mm (interquartile range, 2.3—10 mm). Five distinct aneurysm
morphologies were present, including dissecting (28%, 35/125), fusi-
form (10%, 12/125), giant (3%, 4/125), blister (38%, 47/125), and
saccular (22%, 27/125) types. Treated aneurysms were located in the
anterior circulation in 64% (81/126) of cases, and 36% (45/126) were
in the posterior circulation.

Treatment

In total, 67% of cases (84/126) specified the timing of treatment,
with an average time to treatment of 9.6 days (range, 0—60 days);
74% (62/84) were treated in the acute phase, and 26% (22/84), in
a delayed fashion. The Pipeline Embolization Device (Covidien,
Irvine, California) was used for FD-based treatment in 96%
(121/126) of cases, while the Silk flow diverter (Balt Extrusion,
Montmorency, France) was used in the remaining 4% (5/126) of
cases. Seventy-three percent (92/126) of aneurysms were treated
with FD placement only, while 27% (34/126) were treated with a
combination of an FD and adjunctive coils. These included 4 cases
in which FD-based treatment was implemented after initial un-
successful treatment with microsurgical clipping or stent-assisted
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Table 1: Angiographic outcomes following flow diversion in ruptured intracranial aneurysms®

Angiographic FD FD and Coils Total
Occlusion Complete Incomplete Complete Incomplete Complete Incomplete

Overall 74 4 23 7 97 1
Size

Aneurysm <7 mm 44 3 10 1 54 4

Aneurysm >7 mm 10 1 12 5 22 6
Treatment timing

Acute treatment 38 3 n 1 49 4

Delayed treatment 5 0 10 5 15 5
Clinical score

Good clinical score 47 2 19 5 66 7

Poor clinical score 8 1 5 1 13 2
Location

Anterior circulation 33 2 16 1 49 3

Posterior circulation 25 2 7 5 32 7
Type

Dissecting 18 2 8 1 26 3

Fusiform 5 0 3 2 8 2

Blister 27 1 7 1 34 2

Saccular 7 1 7 3 14 4

Giant 1 0 0 0 1 0

2 Data are numbers.

coiling.***> An FD and coils were placed in a single session in 56%
(19/34) of cases. The average size of aneurysms treated with an FD
alone was 5.6 = 6.4 mm, which was significantly smaller than the
10.6 = 6.4 mm average size of aneurysms treated with an FD and
adjunctive coiling (P = .001).

Complications
Aneurysm rerupture occurred following FD placement in 5%
(6/126) of aneurysms, with 67% (4/6) of these reruptures occurring
in aneurysms measuring >2 cm.”*® The rate of rerupture fol-
lowing FD placement in aneurysms of >2 c¢cm was 57% (4/7),
which was significantly greater than the 2% (2/94) rate of rerup-
ture in aneurysms of <2 cm (P < .001). The rate of aneurysm
rerupture with an FD alone was 6% (5/80), which was comparable
with the 3% (1/32) rate following FD and adjunctive coiling (P =
.672). Among reruptured aneurysms of >2 cm, 75% (3/4) were
treated with an FD and adjunctive coiling, while 25% (1/4) were
treated with an FD alone. Among all aneurysms that reruptured,
67% (4/6) occurred during or within the first 24 hours of treat-
ment. No aneurysms reruptured at >1week after treatment.
Hemorrhagic complications not related to aneurysm rerup-
ture occurred in 4% (5/126) of patients. One was an asymptom-
atic cerebellar hemorrhage,25 and 2 were related to external

2629 Two fatal hemorrhagic compli-

ventricular drain placement.
cations occurred, including 1 after intra-arterial tPA instillation
through a microcatheter for intraprocedural thrombosis of the
FD and 1 related to postprocedural hemorrhage distant from the
treated aneurysm.”>*° Ischemic complications occurred in 5%
(5/111) of patients, of whom 4% (4/111) were symptomatic, in-
cluding 1 case with fatal brain stem ischemia.”®

Overall, the composite rate of hemorrhagic or ischemic com-
plications was 12% (15/126) because 2 complications occurred in
1 patient.>® This rate was 16% (10/62) in patients treated in the
acute phase, compared with 0% (0/22) in patients treated in a
delayed fashion (P = .057).
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Angiographic Outcomes

Complete occlusion of the aneurysm was achieved in 90% (97/
108) of patients on follow-up imaging (Table 1), with a median
angiographic follow-up of 6 months (interquartile range, 5-6
months). Patients with a good clinical score on presentation had
an occlusion rate of 90% (66/73), compared with patients with a
poor presenting clinical score, with an occlusion rate of 87%
(13/15) (P = .647). Aneurysms in the anterior circulation dem-
onstrated complete occlusion in 94% (49/52) of cases, which was
comparable with the 82% (32/39) rate for aneurysms in the pos-
terior circulation (P = .092). Aneurysms treated acutely demon-
strated complete occlusion in 92% (49/53) of cases, compared
with 75% (15/20) for aneurysms treated in a delayed fashion (P =
.103).

Complete occlusion was achieved in 93% (54/58) of aneu-
rysms of <7 mm, compared with 79% (22/28) for aneurysms of
>7 mm (P = .072). In aneurysms of <7 mm, treatment with an
FD alone resulted in complete occlusion of 94% (44/47) of aneu-
rysms, compared with 91% (10/11) when treated with an FD and
adjunctive coiling (P = 1.000). In aneurysms of >7 mm, treat-
ment with an FD alone resulted in complete occlusion of 91%
(10/11) of aneurysms, compared with 71% (12/17) when treated
with FD and adjunctive coiling (P = .355).

Clinical Outcomes

Atlast clinical follow-up, there was a favorable clinical outcome in
81% (101/124) of treated patients and an unfavorable clinical out-
come in 19% (23/124) (Table 2), with a median clinical follow-up
of 6 months (interquartile range, 5-10 months). In patients with a
good presenting clinical score, favorable clinical outcome was
84% (70/83), compared with a 67% (10/15) rate of favorable clin-
ical outcome in patients with poor presenting clinical scores (P =
.143). Favorable clinical outcome was observed in 79% (49/62) of
patients treated in the acute phase, compared with 88% (15/17) of
patients treated in a delayed fashion (P = .503). Favorable clinical



Table 2: Clinical outcomes following flow diversion in ruptured intracranial aneurysms®

FD FD and Coils Total

Clinical Outcome Favorable Unfavorable Favorable Unfavorable Favorable Unfavorable
Overall 77 14 24 9 101 23
Size

Aneurysm <7 mm 51 5 8 3 59 8

Aneurysm >7 mm 8 7 14 3 22 10
Treatment timing

Acute treatment 41 9 8 4 49 13

Delayed treatment 5 0 10 2 15 2
Clinical score

Good clinical score 51 9 19 4 70 13

Poor clinical score 7 3 3 2 10 5
Location

Anterior circulation 39 7 14 3 53 10

Posterior circulation 23 5 8 4 31 9
Type

Dissecting 18 2 6 2 24 4

Fusiform 4 3 4 1 8 4

Blister 28 3 4 3 32 6

Saccular 1l 3 9 2 20 5

Giant 1 1 0 1 1 2

2 Data are numbers.

outcome was achieved in 88% (59/67) of patients with treated
aneurysms of <7 mm, compared with 69% (22/32) in patients
with aneurysms of >7 mm (P = .027). The use of an FD alone was
associated with an 85% (77/91) rate of favorable clinical outcome,
compared with 73% (24/33) for aneurysms treated with an FD
and adjunctive coiling (P = .189). In aneurysms of <7 mm, treat-
ment with an FD alone resulted in favorable outcome in 91%
(51/56) of cases, compared with 73% (8/11) when treated with an
FD and adjunctive coiling (P = .117). In aneurysms of >7 mm,
treatment with an FD alone resulted in favorable outcome in 53%
(8/15) of cases, compared with 82% (14/17) when treated with an
FD and adjunctive coiling (P = .128). Favorable clinical outcome
was achieved in 84% (53/63) of patients with aneurysms in the
anterior circulation, compared with 78% (31/40) of patients with
aneurysms in the posterior circulation (P = .441).

DISCUSSION

Endovascular coil embolization and open microsurgical clipping
are the traditional methods for treatment of ruptured intracranial
aneurysms. Recently, newer endovascular devices such as FDs
have also been used to treat ruptured intracranial aneurysms. In
this meta-analysis of case series and reports, we found that 81% of
patients with ruptured aneurysms treated with FDs had favorable
clinical outcomes, which is comparable with the number of pa-
tients with similar outcomes in large trials such as ISAT.* Thus,
FDs may present a viable treatment option for ruptured intracra-
nial aneurysms that are not readily amenable to first-line treat-
ments such as coil embolization or clipping.

Nevertheless, the use of FDs for ruptured intracranial aneu-
rysms is controversial because dual antiplatelet therapy and the
delayed nature of aneurysm thrombosis may both increase the
likelihood and severity of hemorrhagic complications during and
after treatment. Indeed, our meta-analysis identified a 9% com-
posite rate of intracranial hemorrhagic complications, including
5% from aneurysm rerupture and 4% from other causes. Com-
plication-induced neurologic morbidity is not well-defined,*

however, because some of these complications did not produce
new symptoms. Notably, hemorrhagic complications following
other procedures (eg, tracheostomy, extraventricular drain-

age,26,29

and ventriculoperitoneal shunt placement) are included
in the 4% of patients with nonaneurysmal hemorrhagic com-
plications. In addition to hemorrhagic complications, there
was a 4% rate of symptomatic ischemic complications, though
the rate of asymptomatic or undetected ischemic events is
likely higher.>*-2%2!

At least part of the risk of hemorrhagic complications appears
to be related to aneurysm size. It has been proposed that reduction
of local vascular compliance after FD placement may exaggerate
the “Windkessel effect”* and result in increased vessel flow distal
to the aneurysm, which may lead to intraparenchymal hemor-
rhage after flow diversion.’>** This phenomenon may be ampli-
fied in giant aneurysms’” because increased distal vessel wall shear
stress and increased intra-aneurysmal pressure” heighten the risk
of aneurysm rerupture after flow diversion. Indeed, in this meta-
analysis, aneurysms of >2 cm were significantly more likely than
smaller aneurysms to rerupture after treatment, even though the
natural rate of aneurysm rerupture in giant aneurysms is similar
to that in smaller lesions.>® These results, along with overall im-
proved angiographic and clinical outcomes in aneurysms of <7
mm, suggest that FD-based treatment is more effective for small
aneurysms. If larger aneurysms must be treated with FDs, then
adjunctive coiling is likely worthwhile.”>?”** Alternatively, a
staged treatment strategy of initial coiling followed by later FD
placement may be appropriate in this setting because rebleeding
has not been observed between procedures.3 ? In these cases, loose
packing of the aneurysm dome may be sufficient to accelerate

. 3
aneurysm thrombosis*®*®

without producing a mass effect on the
FD that could result in device thrombosis.*°

In general, ruptured aneurysms in the posterior circulation
carry an overall poorer prognosis than those in the anterior cir-

culation.*' Furthermore, FD placement in the posterior circula-
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tion is associated with a higher rate of ischemic complications.*
In this meta-analysis, however, there was no appreciable differ-
ence in the rate of complete angiographic occlusion or good clin-
ical outcome between aneurysms in the anterior circulation and
those in the posterior circulation.

Despite the importance of antiplatelet therapy on the success
of FD-based interventions, there is wide variability in antiplatelet
management surrounding the use of FDs in aneurysmal sub-
arachnoid hemorrhage. For example, some authors reported per-
forming invasive procedures (eg, extraventricular drain or central
line placement) 12 hours before FD placement or dual antiplatelet
inhibition, administering a loading dose of aspirin and clopi-
dogrel before FD placement and continuing dual antiplatelet
therapy for at least 3 months.?® Other authors avoided preproce-
dural antiplatelet therapy altogether, instead administering aspi-
rin, clopidogrel, and a glycoprotein IIb/IIIa inhibitor during FD
placement, followed by a 12-hour maintenance infusion of a gly-
coprotein IIb/ITIa inhibitor and postprocedural dual antiplatelet
therapy for 6 months.””

This study has several limitations. First, the lack of indepen-
dent clinical and angiographic assessment and the potential for
reporting bias in the included studies may affect the estimated
rates of angiographic occlusion and favorable clinical outcome.
Second, reporting of procedural details, aneurysm characteristics,
angiographic follow-up, and outcome data was not uniform
across all studies. As a result, we used composite measures (eg,
good clinical outcome instead of specific mRS scores) that may
partially obscure underlying details. Third, details describing the
administration and monitoring of antiplatelet therapy during the
periprocedural period was variable and infrequently specified. Fi-
nally, despite an overall large number of cases represented in this
meta-analysis, the smaller number of cases in some subgroups
(particularly those for which FD-based treatment is unlikely to be
strongly considered, such as very large aneurysms) may not pro-
vide sufficient power to discriminate small effect sizes. We suspect
that this effect may account for the inability to demonstrate a
statistically significant difference in the rate of occlusion between
small and large aneurysms or between aneurysms treated with an
FD alone and those treated with an FD and adjunctive coiling.

CONCLUSIONS

Endovascular coil embolization and microsurgical clipping are
likely to remain the first-line treatment of ruptured intracranial
aneurysms, but when these options are not feasible, the use of FDs
and appropriate dual antiplatelet therapy can allow a high rate
of angiographic occlusion and a reasonable likelihood of good
clinical outcome. However, one must be cognizant of the pos-
sibility that FDs may not be protective against rerupture in
aneurysms of >2 cm. Clinical outcomes associated with FD
treatment of ruptured aneurysms appear most favorable for
aneurysms of <7 mm.
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