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RuptuRed blister aneurysms, also known as blood 
blister–like aneurysms, are a rare subtype, repre-
senting approximately 1%–2% of aneurysmal sub-

arachnoid hemorrhage (SAH).15,20,22 These broad, shallow 
lesions occur at the artery sidewall, as opposed to branch-
ing points seen with typical saccular aneurysms, and are 
most often located on the supraclinoid internal carotid 
artery (ICA), but have also been described at anterior ce-

rebral artery and middle cerebral artery locations.24,27 Re-
constructive techniques, such as attempts at direct surgical 
clipping, often result in tearing a hole in the artery, where-
as attempts at endovascular coiling can lead to puncture of 
the wall. Indirect surgical repair, such as use of encircling 
clips, or wrapping and clipping, has been described with 
numerous technical variations, but the long-term follow-
up of these techniques is uncertain, because they do not 
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OBJECTIVE Ruptured blister aneurysms remain challenging lesions for treatment due to their broad, shallow anatomy 
and thin, fragile wall. Historical challenges with both open microsurgical approaches and intrasaccular endovascular 
approaches have led to increased use of flow diversion for management of these aneurysms. However, the optimum 
paradigm, including timing of treatment, use of dual antiplatelet therapy, and number of flow-diverter devices to use 
remains unknown. The authors describe their experience with ruptured blister aneurysms treated with flow diversion at 
their institution, and discuss rates of rebleeding and number of devices used.
METHODS All patients presenting with subarachnoid hemorrhage from a ruptured blister aneurysm and treated with 
Pipeline flow diversion were identified. Patient demographic data, clinical status and course, need for external ventricular 
drain (EVD), timing of treatment, and angiographic details and follow-up were recorded.
RESULTS There were 13 patients identified (11 women and 2 men), and 4 had multiple aneurysms. Two aneurysms 
were treated on initial angiography, with average time to treatment of 3.1 days for the remainder, after discussion with 
the family and institution of dual antiplatelet therapy. Device placement was technically successful in all patients, with 
2 patients receiving 2 devices and the remainder receiving 1 device. There was 1 intraoperative complication, of a wire 
perforation causing intracerebral hemorrhage requiring decompressive craniectomy. Three patients had required EVD 
placement for management of hydrocephalus. There was no rebleeding from the target lesion; however, one patient had 
worsening intraventricular hemorrhage and another had rupture of an unrecognized additional aneurysm, and both died. 
Of the other 11 patients, 10 made a good recovery, with 1 remaining in a vegetative state. Nine underwent follow-up an-
giography, with 5 achieving complete occlusion, 2 with reduced aneurysm size, and 2 requiring retreatment for aneurysm 
persistence or enlargement. There were no episodes of delayed rupture.
CONCLUSIONS Pipeline flow diversion is a technically feasible and effective treatment for ruptured blister aneurysms, 
particularly in good-grade patients without hydrocephalus. Patients with a worse grade on presentation and requiring 
EVDs may have higher risk for bleeding complications and poor outcome. There was no rebleeding from the target le-
sion with use of a single device in this series.
https://thejns.org/doi/abs/10.3171/2017.3.FOCUS1757
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address the underlying diseased vessel wall.10,16,28 To avoid 
direct treatment of the dome, deconstructive strategies 
were often used in the past, including vessel trapping or 
occlusion by surgical or endovascular methods.11,26 The 
risk of stroke is significant in such patients, even with suc-
cessful balloon test occlusion or high-flow bypass, and 
risk of aneurysm recurrence further along the diseased 
vessel wall remains.

Flow-diverter technology offers a very promising ap-
proach for management of blister aneurysms, because it 
provides an endoluminal reconstruction that does not re-
quire direct intervention on the weak blister dome. Several 
small series have examined the use of both the Silk stent 
and the Pipeline embolization device (PED) for treatment 
of blister aneurysms, with encouraging results.1,3,5,7,12, 17,31 
The PED is currently available and FDA approved for 
use in unruptured ICA segment aneurysms, and has sig-
nificant evidence for efficacy in these lesions.2,23 However, 
use for treatment of ruptured aneurysms is less studied, 
and numerous issues arise, including timing and use of 
antiplatelet medications, treatment of hydrocephalus and 
external ventricular drain (EVD) management, and the 
risk of rebleeding if an aneurysm is not fully occluded 
by the device. This latter point has led some authors to 
advocate up-front use of multiple overlapping devices, to 
ensure rapid aneurysm occlusion.9 Although this may pre-
vent rebleeding from the aneurysm, it also increases the 
technical difficulty of the case and the possibility of wire-
related complications, as well as the risk of small-vessel 
occlusion or thromboembolic events. Finally, the optimum 
timing of treatment of ruptured blister aneurysms remains 
uncertain, because their natural history is not known with 
certainty, and the risks of early treatment must be bal-
anced against optimizing antiplatelet strategies and EVD 
management.

We report our experience with the use of PEDs for 
treatment of ruptured blister aneurysms and consider pa-
tient grade, need for EVD, use of dual antiplatelet therapy, 
and timing of the procedure.

Methods
Patient Population

This was a retrospective review of all patients who pre-
sented to our institution between October 2013 and No-
vember 2016 with SAH from a ruptured blister aneurysm 
and who were treated with the PED. Blister aneurysms 
were defined as small lesions occurring on the sidewall 
of the ICA at nonbranching sites, and having dome width 
equal to or greater than its height. Patient demographic 
data, including Hunt and Hess clinical grade, aneurysm 
characteristics, and treatment details were recorded. Clin-
ical course, timing of treatment, and follow-up imaging 
were assessed. The need for EVD and subsequent shunt-
ing, as well as the antiplatelet strategy used, were also de-
termined.

Endovascular Procedure
All procedures were performed in a hybrid operating 

room after induction of general anesthesia. Femoral ac-
cess and triaxial support was used for all cases, with a 

long sheath such as NeuronMax 088 (Penumbra, Inc.), in-
termediate catheter such as Navien 058 (Medtronic, Inc.), 
and delivery microcatheter such as Phenom or Marksman 
027 (Medtronic, Inc.). Patients underwent preloading with 
650 mg aspirin and 600 mg clopidogrel 6 hours before the 
procedure, levels of activity were confirmed with point-of-
care testing (VerifyNow; Accumetrics), and then patients 
received systemic heparinization targeted to an activated 
clotting time of 250–300 seconds. All patients underwent 
3D rotational angiograms to confirm aneurysm size and 
location, and plan flow-diverter placement. Delivery of 
the PED was performed under fluoroscopic guidance and 
confirmed with angiography and contrast-enhanced Dyna 
CT scans. The need for placement of multiple devices was 
at the discretion of the treating doctor. Patients were mon-
itored postoperatively in the neurocritical care unit, and 
blood pressure was maintained below 140 mm Hg systolic 
unless they developed signs of vasospasm or delayed cere-
bral ischemia, and all received standard postsubarachnoid 
care.

Clinical and Imaging Follow-Up
Patients were monitored for clinical signs of delayed 

cerebral ischemia and received daily transcranial Doppler 
monitoring. They also underwent Day 7 CT angiography 
(CTA) follow-up for radiographic vasospasm monitoring. 
Patients were discharged from neurocritical care and sub-
sequently from the hospital when clinical criteria were 
met, typically between Days 10 and 14 posttreatment. 
They were scheduled for follow-up diagnostic angiogra-
phy between 6 weeks and 3 months after treatment, and 
then again between 6 and 12 months later.

Results
There were 13 patients (11 women and 2 men) identi-

fied, average age 54.8 years (range 22–71 years) with SAH 
from ruptured blister aneurysms. Location was 8 left ICA 
and 5 right ICA; 3 patients had multiple aneurysms. Aneu-
rysm size ranged from 1 × 1 mm to 3 × 1 mm. See Table 1 
for full demographic details.

Two patients underwent treatment during their initial 
catheter angiogram study. The remainder were returned to 
the neurocritical care unit after the initial study, for further 
discussion of flow diversion, loading of antiplatelet medi-
cations, and observation for development of hydrocepha-
lus; these patients underwent PED treatment an average of 
3.1 days later (range 1–5 days). Device delivery was suc-
cessful in all patients, with 2 patients receiving 2 devices 
and the remainder receiving 1 device. No thromboembolic 
complications were noted. One patient had a hemorrhagic 
complication as a result of wire perforation during reposi-
tioning for placement of a second PED, and this individual 
required reversal of anticoagulation and antiplatelets, and 
decompressive craniectomy as well as placement of an 
EVD. A second patient had delayed bleeding 10 days af-
ter treatment, was found to have a previously unseen third 
aneurysm of his right posterior inferior cerebellar artery, 
and died of effects of the rehemorrhage; he had an EVD 
in place with no related hemorrhage. A third patient, who 
was Hunt and Hess Grade V on presentation, had worsen-
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ing intraventricular hemorrhage after her procedure, with 
an EVD already in place, and showed no signs of clinical 
improvement; she received comfort care from her family 
and later died. The remaining 10 patients made a satisfac-
tory neurological recovery (Table 2).

During the inpatient and outpatient follow-up period, 
no events of rebleeding from the treated aneurysms have 
been identified. Nine patients have undergone diagnos-
tic cerebral angiograms for follow-up, 1 has undergone 
CTA follow-up only, and 1 has imaging pending. Five pa-
tients (56%) had complete occlusion of their aneurysms 
at 3-month follow-up—2 (22%) had ongoing filling but 
reduced size of their aneurysms and planned for further 

follow-up imaging; 1 had persistent filling at 12-month 
follow-up and underwent retreatment with a second PED; 
and 1 had enlargement of the aneurysm at initial 4-month 
follow-up and underwent retreatment with a second PED. 
The patient with only CTA follow-up had no evidence of 
ongoing filling on that scan. No patients developed new 
neurological deficits during follow-up.

Illustrative Cases
Case 2

This 44-year-old woman presented with sudden onset 
of severe headache (Hunt and Hess Grade I), and a head 
CT demonstrated SAH primarily in the left sylvian fissure 
(Fisher Grade 2) (Fig. 1). A CTA study of the head raised 
suspicion for a small left supraclinoid ICA aneurysm. The 
patient underwent diagnostic cerebral angiography, which 
demonstrated a 3 × 1.5–mm left supraclinoid ICA blister 
aneurysm that was too small, shallow, and wide necked 
for intrasaccular treatment. She underwent loading with 
dual antiplatelet therapy according to the protocol previ-
ously described, and 2 days later underwent embolization 
of the aneurysm using the PED. Intraprocedural dissection 
of the left petrous ICA occurred, requiring placement of 
an Enterprise stent in the region of dissection. One-week 
follow-up cerebral angiography was performed during her 
hospital stay, and showed no significant change in the an-
eurysm. She was eventually discharged home in good con-
dition. The 3-month follow-up cerebral angiogram showed 
interval occlusion of the aneurysm, and the 1-year follow-
up cerebral angiogram showed no aneurysm recurrence, 
as did an 18-month follow-up CTA.

Case 4
This 71-year-old woman presented with sudden onset 

of severe headache (Hunt and Hess Grade II), and a head 
CT demonstrated right-sided SAH in the basal cisterns 

TABLE 1. Demographic data in 13 patients with ruptured blister 
aneurysms

Case 
No.

Age 
(yrs) Sex Location Size

H & H 
Grade

Days to 
Treatment

1 55 F Lt ICA 1 mm II 3
2 44 F Lt ICA 3 mm × 1.5 mm I 3
3 64 M Lt ICA 2.5 mm × 1.5 mm III 3
4 71 F Rt ICA x 2 1.5 mm & 1.5 mm II 3
5 62 M Lt ICA x 2 2.5 mm × 2.5 mm 

& 2 mm × 2 mm
III 4

6 40 F Rt ICA 2.5 mm × 2 mm II 0
7 58 F Lt ICA x 2 2 mm & 2 mm IV 2
8 58 F Rt ICA 3 mm × 1 mm II 1
9 71 F Lt ICA <1 mm V 2

10 69 F Lt ICA 1.5 mm × 1 mm I 3
11 22 F Lt ICA 2 mm × 2 mm II 0
12 47 F Rt ICA 2 mm × 1 mm II 5
13 52 F Rt ICA 1.5 mm × 1.5 mm I 5

H & H = Hunt and Hess.

TABLE 2. Outcomes in 13 patients with ruptured blister aneurysms

Case 
No.

No. of 
Devices

Aneurysm 
Occluded on Day 

of Treatment

Aneurysm 
Occluded on 

Imaging Follow-Up

Rehemorrhage 
From Treated 

Aneurysm
mRS 
Score Complications

1 1 No Yes No 0 None
2 1 No Yes No 0 Dissection of petrous ICA requiring Enterprise stent
3 1 No Yes No 1 None
4 1 No No No 1 None
5 1 No No No 6 Death secondary to rehemorrhage from untreated 3rd aneurysm
6 1 No No No 0 None
7 1 No No No 2 None
8 1 No No No 1 Lt SMA infarction during diagnostic angiogram
9 1 No No No 6 Death secondary to preprocedural rerupture

10 1 No No No 1 None
11 2 No Yes No 0 None
12 2 No Yes No 5 Intraprocedural hemorrhage requiring hemicraniectomy & 

intracerebral hematoma evacuation
13 1 No TBD No 1 None

mRS = modified Rankin Scale; SMA = supplementary motor area; TBD = to be determined.

Unauthenticated | Downloaded 05/23/23 11:02 PM UTC



R. W. Ryan et al.

Neurosurg Focus Volume 42 • June 20174

and sylvian fissure (Fisher Grade 2) (Fig. 2). A CTA study 
of the head failed to demonstrate cerebrovascular pathol-
ogy that would have caused the hemorrhage. Of note, the 
patient had an MR angiogram of the head performed 4 

years previously for workup of diplopia; that study was 
also negative for cerebrovascular pathology. The patient 
underwent diagnostic cerebral angiography, which dem-
onstrated 2 right-sided superior hypophyseal artery blis-

FIG. 1. Case 2. Noncontrast head CT demonstrating SAH in the left sylvian fissure (A). A CTA study of the head raised suspicion 
for a left supraclinoid ICA blister aneurysm (B). Cerebral angiograms obtained immediately pre- (C) and posttreatment (D) of a 3 × 
1.5–mm left supraclinoid ICA blister aneurysm treated with the PED. One-week follow-up cerebral angiogram showing no change 
in the treated aneurysm (E). Three-month follow-up cerebral angiogram demonstrating interval occlusion of the aneurysm (F). 
One-year follow-up cerebral angiogram (G) and 18-month follow-up CTA (H) showing persistent occlusion of the aneurysm.

FIG. 2. Case 4. Noncontrast head CT demonstrating right-sided SAH in the basal cisterns and sylvian fissure (A). A CTA study 
of the head negative for causative pathology (B). An MR angiogram of the head from 4 years prior, which is also negative (C). 
Cerebral angiograms obtained immediately pre- (D) and posttreatment (E) of 2 right-sided superior hypophyseal artery blister 
aneurysms measuring 1.5 mm each, treated with the PED. Three-month follow-up cerebral angiogram showing endoleak at the 
proximal aspect of the PED, with delayed filling of both aneurysms, but with contrast stagnation (F). Six-month (G), 1-year (H), 
and 15-month (I) follow-up cerebral angiograms showed no interval occlusion of the aneurysms. Cerebral angiogram obtained im-
mediately after retreatment of the aneurysms with a Pipeline Flex embolization device (J). Six-month follow-up cerebral angiogram 
obtained after retreatment demonstrating interval occlusion of the proximal aneurysm, with continued delayed filling of the distal 
aneurysm (K).

Unauthenticated | Downloaded 05/23/23 11:02 PM UTC



Flow diversion for ruptured blister aneurysms

Neurosurg Focus Volume 42 • June 2017 5

ter aneurysms measuring 1.5 mm each. These aneurysms 
were too small for intrasaccular treatment. She underwent 
loading with dual antiplatelet therapy per the protocol pre-
viously described, and 3 days later underwent emboliza-
tion of the aneurysms using the PED. She was eventually 
discharged home in good condition. Her 3-month follow-
up cerebral angiogram showed endoleak at the proximal 
aspect of the Pipeline with delayed filling of both aneu-
rysms, but with contrast stagnation. Six-month, 1-year, 
and 15-month follow-up cerebral angiograms showed no 
interval occlusion of the aneurysms, and the patient sub-
sequently underwent retreatment of the lesions with place-
ment of a Pipeline Flex embolization device. A 6-month 
follow-up cerebral angiogram after retreatment demon-
strated interval occlusion of the proximal aneurysm, with 
continued delayed filling of the distal aneurysm.

Case 8
This 58-year-old woman presented with sudden onset 

of severe headache (Hunt and Hess Grade II), and a head 
CT demonstrated diffuse SAH (Fisher Grade 2) (Fig. 3). A 
CTA study of the head failed to demonstrate cerebrovas-
cular pathology that would have caused the hemorrhage. 
The patient underwent diagnostic cerebral angiography, 
which demonstrated a 3 × 1–mm dorsal right ICA blister 
aneurysm, along with a 2.5 × 1–mm right posterior com-
municating artery infundibulum and a 2 × 1–mm left pos-
terior communicating artery infundibulum. The ruptured 
lesion was thought to be the dorsal right ICA blister an-

eurysm given its size and shape; however, this lesion was 
too small, shallow, and wide necked for intrasaccular treat-
ment. Following angiography the patient was noted to have 
3/5 right upper-extremity weakness, and an MRI view of 
the brain showed a small area of acute infarction in the 
left supplementary motor cortex. She underwent loading 
with dual antiplatelet therapy per the protocol previously 
described, and 2 days later she underwent uncomplicated 
embolization of the dorsal right ICA blister aneurysm with 
the Pipeline Flex embolization device. She was eventually 
discharged home in good condition, with improvement 
in her right upper-extremity weakness to only minimal 
weakness of her right hand. Three months later the patient 
underwent follow-up cerebral angiography, which showed 
that the treated aneurysm had grown to 4.5 × 2 mm, and a 
second Pipeline Flex was placed at that time.

Discussion
Treatment of ruptured blister aneurysms with the PED 

was technically feasible in all patients in our series and led 
to good neurological outcomes in 77% of patients, with no 
episodes of procedural or delayed aneurysmal rebleeding. 
One patient suffered a procedural complication of an intra-
cranial vessel microwire perforation, with associated SAH 
and intracerebral hemorrhage (ICH) necessitating surgical 
decompressive craniectomy. A majority of treated patients 
achieved either complete aneurysm occlusion or reduction 
in size on follow-up imaging. Retreatment with placement 

FIG. 3. Case 8. Noncontrast head CT demonstrating diffuse SAH (A). A CTA study of the head negative for causative pathology 
(B). Cerebral angiograms obtained immediately pre- (C) and posttreatment (D) of a 3 × 1–mm dorsal right ICA blister aneurysm 
treated with the Pipeline Flex embolization device. Three-month follow-up cerebral angiogram showing interval growth of the 
treated aneurysm to 4.5 × 2–mm (E). Cerebral angiogram obtained immediately after retreatment of the aneurysm with another 
Pipeline Flex embolization device (F).
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of an additional flow diverter was performed in 2 patients 
after delayed follow-up diagnostic angiography demon-
strated persistence or enlargement of the treated blister an-
eurysms.

Ruptured blister aneurysms have been historically chal-
lenging to effectively treat with open surgical or endovas-
cular methods, largely due to the diminutive dome size 
and absence of a true aneurysm neck to facilitate success-
ful aneurysm occlusion with microsurgical clip ligation or 
endovascular coil occlusion. Open surgical microsurgical 
clipping approaches have largely fallen out of favor due to 
a significant incidence of severe operative complications. 
Ogawa et al. described an operative aneurysmal rerupture 
risk of 38% with direct aneurysm clipping, aneurysmal 
segment trapping, or aneurysm wrapping. Of this operative 
rerupture cohort, only 13% had good clinical outcomes, 
and 53% died as a result of surgery.24 Other single-center 
series of open surgical management of ruptured blister an-
eurysms reported 55% and 41% operative rerupture rates, 
respectively.20,25 High rates of open surgical approaches are 
probably due to the pseudoaneurysmal thin-walled nature 
of blister aneurysms, which have been reported to lack tu-
nica media and internal elastic lamina.8,24 A meta-analysis 
including endovascular deconstructive parent-vessel occlu-
sion treatment of ruptured blister aneurysms found a sig-
nificantly higher procedural ischemic infarct complication 
of 29%, versus only 5% for endovascular reconstructive 
approaches with flow diverters or for other endovascular 
methods, including stent-assisted coil occlusion, balloon-
assisted coil occlusion, or overlapping placement of tradi-
tional (i.e., nonflow-diverter) intracranial stents, with simi-
lar rates of perioperative morbidity and long-term good 
outcomes.29

Ours is the largest single-center experience of PED 
treatment of ruptured blister aneurysms to date, and adds 
to the similar experience of other centers with regard to 
overall good clinical outcomes and relatively low proce-
dural risk. One recent 10-patient, 2-center case series by 
Linfante et al. described a 90% good clinical outcome rate 
with no procedural complications and no aneurysmal re-
ruptures.17 A 12-patient multicenter series of PEDs in rup-
tured ICA blister aneurysms by Yoon et al. reported an 
83% rate of good clinical outcomes, and no procedural or 
postflow-diversion aneurysmal rerupture.31 Of 62 ruptured 
blister aneurysms treated with flow diversion in a recent 
meta-analysis, 86% achieved good clinical outcomes, and 
17% suffered procedural complications including an al-
most 8% risk of procedural ICH.29 A single-center series 
published by Chalouhi et al. reported PED treatment of 8 
total blister aneurysms, of which 5 were ruptured and 1 
was discovered during patient presentation with sentinel 
headache: the authors reported 100% good clinical out-
come on follow-up, with no procedural complications and 
no aneurysmal reruptures.3 Çinar et al. published a 7-pa-
tient ruptured blister aneurysm series with PED treatment 
and reported good clinical outcome in 71% and no proce-
dural or postprocedural aneurysm rerupture.4 A series of 
11 ruptured blister aneurysm cases treated with the Silk 
flow diverter reported good clinical outcomes in 92%, no 
aneurysmal reruptures, and a procedural minor ischemic 
stroke in 1 case.1

A challenging aspect of flow-diversion treatment of 
ruptured blister aneurysms is the necessity of concomi-
tant dual antiplatelet therapy to minimize the risk of 
device thrombosis. However, this can complicate the in-
patient management of attendant procedures for patients 
with SAH, especially EVD placement and removal, shunt 
placement, and decompressive craniectomy. Ventriculo-
peritoneal shunt–related ICH rates of up to 71% have been 
reported in patients concomitantly treated with dual an-
tiplatelet agents after stent-assisted aneurysm coiling,13,18 
and a significantly increased risk of fatal hemorrhagic 
complications was reported with respect to dual anti-
platelet therapy during stent-assisted aneurysm coiling by 
Mocco et al., who found a 12% risk of mortality in an SAH 
cohort relative to a 0.8% mortality in the unruptured an-
eurysm cohort.21 All previously reported blister aneurysm 
flow-diversion treatment series described dual antiplatelet 
pretreatment prior to flow-diverter placement; similarly, all 
patients in our series also underwent preloading with aspi-
rin and clopidogrel. In 1 case, intraprocedural wire perfo-
ration causing SAH and ICH occurred, and the patient was 
transfused with platelets and reversal of heparin antico-
agulation, followed by surgical hematoma evacuation and 
decompressive craniectomy. Due to the significant hemor-
rhagic complication, antiplatelet agents were withheld, yet 
interestingly, during follow-up inpatient cerebral angiog-
raphy performed 4 days later, the Pipeline device demon-
strated patency without any signs of thrombosis. In 2 other 
patients, an EVD was placed prior to preloading with dual 
antiplatelets, and no ventriculostomy-related hemorrhage 
was observed. Both patients died of complications unre-
lated to ventriculostomy hemorrhage, although in 1 patient 
the ventriculostomy was removed without hemorrhagic 
complication.

In 11 of the 13 patients in our series, only a single PED 
was placed; in 1 other case a second overlapping flow di-
verter was placed after the intended single device place-
ment resulted in unsatisfactory lesion coverage due to 
device foreshortening. Single device placement occurred 
in the majority of reported case series;1,3,4,17,29,31 although 
aneurysmal rerupture in a patient who had recently un-
dergone flow diversion while receiving dual antiplatelet 
agents has been reported.19 Therefore, current practice 
strategies for ruptured blister aneurysms also include 
placement of multiple telescoped overlapping flow divert-
ers to minimize the risk of postdiversion rerupture and to 
speed parent vessel endothelialization and exclusion of 
the lesion. Although this appears to be an elegant solu-
tion to the potential problem of postdiversion rerupture, 
a significant reduction in posttreatment rerupture has not 
been demonstrated to date. Lang et al. recently reported a 
single case of 9-month recurrence of a ruptured supracli-
noid ICA aneurysm despite initial treatment with 2 over-
lapping flow diverters, with the authors placing a third 
flow diverter after discovery of the recurrence.14 Addition-
ally, the increased number of devices may contribute to 
risks of cerebral or ophthalmic ischemia due to jailing of 
perforating vessels, increased risks of device thrombosis, 
or procedural complications related to the additional steps 
required for placement of multiple flow diverters.1,31 In our 
own series, the single operative complication of SAH and 
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ICH from intracranial artery wire perforation occurred 
during placement of a second overlapping PED.

A related issue is the necessity of additional flow-divert-
er placement if lesions are completely or partially persistent 
during follow-up cerebral angiography. In our series an ad-
ditional device was placed in 2 cases: in the first the lesion 
partially persisted after 12-month angiography, leading to 
placement of a second device telescoped within the previ-
ous one, with persistence of the lesion on 6-month angiog-
raphy thereafter. In the second case, follow-up angiography 
performed 4 months after initial treatment demonstrated 
enlargement of the lesion: a second device was telescoped 
within the previous device and follow-up angiography is 
pending. Although significant reduction of arterial pulsa-
tile flow into the blister aneurysm dome probably is protec-
tive, reports of postdiversion rerupture highly suggest that 
complete obliteration of the lesion is preferable. Further 
data are needed regarding the optimal time for placement 
of additional flow diverters for residual blister lesions.

It has been our group’s practice with regard to the PED 
in general to discontinue dual antiplatelet therapy in fa-
vor of monotherapy after 6-month angiography—such a 
strategy might expedite thrombosis of residual lesions. 
The ideal antiplatelet regimen following PED placement 
is not clearly established and varies by proceduralist. One 
recent meta-analysis of 19 published series of PED-treated 
patients suggested increased symptomatic thrombotic is-
chemic events in patients treated with ≤ 6 months of clopi-
dogrel, and fewer thrombotic and hemorrhagic events in 
patients treated with > 6 months of ≥ 300 mg of concomi-
tant aspirin.30 Additional data are needed to establish the 
relationship of varying antiplatelet regimens to occlusion 
of flow-diverted, ruptured blister aneurysms. Conversely, 
additional clinical data regarding the safety of temporary 
cessation and reversal or minimization of dual antiplatelet 
therapies in the setting of post-PED hemorrhagic compli-
cations need to be further ascertained. Coming improve-
ments in flow-diverter technologies may obviate or mini-
mize the need for antiplatelet therapies in patients treated 
with PEDs.6

The results of our series are limited by the modest total 
number of treated ruptured blister aneurysms and restric-
tion to the clinical practices of a single medical center. 
Additionally, although our results support the plausibility 
of a single flow-diverter strategy for treatment of ruptured 
blister aneurysms, there is insufficient evidence to com-
ment on the superiority (or lack thereof) of this method 
compared with a multiple flow-diverter strategy.

Conclusions
Endovascular flow diversion of ruptured intracranial 

blister aneurysms is a treatment that is increasingly prac-
ticed for this difficult SAH etiology. Our results add to 
previous reports that demonstrate reasonable procedural 
safety, good patient clinical outcomes, and low risk of 
aneurysmal rerupture following flow diversion. Use of a 
single flow-diverting device appears to be a reasonable 
treatment strategy, but longer-term clinical data compar-
ing outcomes with single- versus multiple-device diver-
sion is needed.
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