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NEURO

Pipeline for Distal Cerebral Circulation Aneurysms

BACKGROUND: Pipeline embolization device (PED; Medtronic, Dublin, Ireland) utilization
is not limited to the treatment of giant wide-necked aneurysmes. It has been expanded to
handle small blisters, fusiforms, and dissecting intracranial aneurysms.

OBJECTIVE: To report the use of the PED in various off-label distal cerebral circulation
(DCC) arteries with a follow-up to assess clinical outcomes.

METHODS: Between 2011 and 2016, of 437 consecutive patients, 23 patients with aneurysms
located in DCCs were treated with PED. Data on patient presentation, aneurysm character-
istics, procedural outcomes, postoperative course, and aneurysm occlusion were gathered.
To control confounding, we used multivariable logistic regression and propensity score
conditioning.

RESULTS: A total of 437 patients (mean age 52.12 years; 62 women [14.2%]) underwent
treatment with PED in our institution. Twenty-three of 437 (5.2%) received a pipeline in
a distal artery: 11/23 middle cerebral artery, 6/23 posterior cerebral artery, 3/23 anterior
cerebral artery (A1/A2, pericallosal artery), and 3/23 posterior inferior cerebellar artery.
Twenty percent of the aneurysms were treated in the past, 10% had previously ruptured,
and 5.9% ruptured at presentation to our hospital. The mean aneurysm size was 9.0 & 6
mm. The mean follow-up was 12 mo (SD = 12.5). In multivariable logistic regression,
no associations were found between PED deployment in DCCs and aneurysm occlusion
or thromboembolic complications. PED use in DCC was associated with a good clinical

outcome. Twenty-two people of 23 (95%) had a good clinical outcome in the latest follow-

up.

CONCLUSION: Treatment of DCC aneurysms with PED is technically challenging mainly
because of the small caliber and tortuosity of the parent arteries. The results of this study
further support the safety of flow diverters in the treatment of various distal aneurysms.
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he use of pipeline embolization devices
(PED™,  Covidien = Neurovascular,
Medtronic Inc, Dublin, Ireland) in
the treatment of intracranial aneurysms (IAs)
has gained prominence in recent years.! PED
was engineered to provide scaffolding for
endoluminal vascular reconstruction.’? This

design diverts flow through the parent artery

ABBREVIATIONS: ACA, anterior cerebral artery; Cl,
confidence interval; DAPT, dual antiplatelet therapy;
DCA, distal cerebral aneurysms; DCC, distal cerebral
circulation; DSA, digital subtraction angiography;
IA, intracranial aneurysm; ICA, internal carotid
artery; MCA, middle cerebral artery; mRS, modified
Rankin Scale; OR, odds ratio; PCA, posterior cerebral
artery; PED, pipeline embolization device; PICA,
posterior inferior cerebellar artery

while promoting aneurysm thrombosis.” The
PED design allows perforators to remain patent
even in difficult arterial topography and might
eliminate the need for surgery.

Currently, the PED is indicated for large and
giant aneurysms (neck > 4 mm) of the internal
carotid artery (ICA) between the petrous and
superior hypophyseal segments, yet there are a
growing number of off-label uses.* Among these
uses are the treatment of aneurysms of irregular
morphology (fusiform and dissecting), branch-
point aneurysms, and small aneurysms.” Of
particular interest is the off-label use of the PED
for the treatment of distal cerebral aneurysms
(DCA).® Critics of this use point to the difficulty
in accessing distal cerebral circulations (DCCs)
for successful PED placement and the relatively
small caliber of distal vessels with the risk of
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occlusion. Standard treatment techniques for DCAs include
clip reconstruction, arterial bypass with aneurysm trapping, and
endovascular coil-embolization. The open surgical techniques
deliver high rates of occlusion but are subject to substantial risks
of periprocedural and postprocedural complications with some
challenges in the ability to find anatomically the parent vessel and
the aneurysm, which is why often image guidance is used.”

Given the risks of the current treatments, the PED has the
potential to improve outcomes and reduce serious complications
because of its specific advantages. If the PED can be successfully
deployed in a distal vessel, there may be a less risk of aneurysmal
intraoperative rupture while maintaining the relative benefits of
an endovascular approach of avoiding a craniotomy and providing
more durability compared to the other endovascular techniques.
While PED use carries its own risk of thrombus formation and
jailing of perforators due to its high metal-to-surface area ratio,
its comparative efficacy in the treatment of distal cerebral (DC)
aneurysms requires further analysis in order to determine the
relative risk.®

This study is a single-center preliminary evaluation of the
efficacy of PED treatment in aneurysms of the DCC. We report
the use of the PED in various off-label DC arteries with a follow-
up to assess clinical outcomes.

METHODS

Data of patients with aneurysms in the DCC treated at our insti-
tution with PED were retrospectively gathered. The study protocol
was reviewed and acknowledged by the Institutional Review Board.
All patients were consented at admission. All 23 patients treated at
our referral center from 2011 to 2016 were included. Their electronic
medical records were reviewed to determine the patient age, gender,
history of hypertension, diabetes mellitus, hyperlipidemia, coronary
artery disease, prior stroke, or smoking. Data on patient presentation,
aneurysm morphology, treatment outcomes, postoperative complica-
tions, and aneurysm occlusion on follow-up imaging were collected for
each patient (Table 1).

Prior to receiving PED therapy, all patients with an unruptured
aneurysm received clopidogrel (75 mg/d) and aspirin (81 mg/d) for 10
d. Those with ruptured aneurysms were loaded with clopidogrel (600
mg) and aspirin (650 mg) 8 hr prior to PED placement. Patients allergic
to clopidogrel were given prasugrel instead at a loading dose of 40 mg
and a daily maintenance dose of 5 mg. Platelet function was routinely
assessed via the P2Y12 assay (Verinyow®; Accumetrics, San Diego,
California) with a platelet inhibition goal of 30% to 90%. If adequate
platelet inhibition was not achieved with prasugrel, ticagrelor was offered
at a loading dose of 2 x 90 mg and maintenance dose of 90 mg twice
daily. Intraoperatively, heparin flushes of 100 U/kg each were adminis-
tered when needed to maintain the activated clotting time at 2 to 3 times
the patient’s baseline. Dual antiplatelet therapy (DAPT) was continued
for at least 6 mo.

General endotracheal anesthesia was used in all procedures, with
continuous monitoring of electroencephalography and somatosensory
evoked potential. A 58Navien™  (Reverse Medical/Covidien,
Medtronic) intracranial support catheter, using the triaxial guide—
catheter system, was used with a Neuron™Max (Penumbra, Alameda,
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TABLE 1. Patient Characteristics

Pipeline (Medtronic) Coiling/clipping

Mean (SD) Mean (SD)
Age (yr) 52.12 (11.85) 5534 (13.7)
Sex*(M/F) 16/7 19/10
Aneurysm size (mm) 9.0 (6.30) 8.81(5.93)
Hypertension 0.55 (0.50) 5.86 (0.50)
Smoking 0.52 (0.51) 0.35(0.48)
Long-term recurrence 0.08 (0.28)
Residual flow 0.14 (0.35)
Hemorrhagic complication 0.06 (0.24) 0.03(0.18)
Thromboembolism 0.17 (0.38) 0.06 (0.26)
Aneurysm thrombosis 0.07 (0.25)
Intra-PED stenosis 0.08 (0.28)
Stent migration 0.01(0.1)
mRS on latest follow-up 0.18 (0.39) 134 (2.40)
Post-op stay (d) 1.4 (0.90) 13.31(6.89)

mRS, modified Rankin Scale; PED, pipeline embolization device.

California) in the proximal ICA. The Navien™ was taken and advanced
over the Marksman (Covidien, Medtronic) microcatheter to have
maximum support. PEDs were pre-sized by measuring the inflow.

Data of a control group of 29 patients who were treated surgically or
with endovascular coiling included information regarding thromboem-
bolic or hemorrhagic events associated with the treatment, aneurysm
occlusion, and the patient’s functional status on the latest clinical follow-

up (Table 1).

Outcome Variables

The modified Rankin Scale (mRS) at follow-up, aneurysm
occlusion on the latest digital subtraction angiography (DSA),
and retreatment rates were defined as primary outcomes. Postpro-
cedural thromboembolic and hemorrhagic events, and residual
flow documented on follow-up DSA were all adopted as secondary
outcomes.

Patient Follow-up

Patients received DAPT for a minimum of 6 mo to a year, and were
scheduled to follow-up with the senior neurovascular surgeon at our
institution every 3, 6, 12, 18, and 60 mo after their discharge from
hospital. Aneurysm occlusion was graded in at least 2 angiographic
views. Categorization was registered based on the updated Raymond-
Roy occlusion classification of IAs treated with coil embolization. New
or recurrent SAH or intraparenchymal bleeding was evaluated on head
computed tomography scans in the case of clinical deterioration and if
adjudged necessary. Electronic medical records were assessed to identify
any retroperitoneal, gastrointestinal, or genitourinary tract hemorrhage.

Exposure Variables

The endovascular treatment of DCA with PEDs was the main
exposure variable. Age and gender were both used for risk adjustment.
Comorbidities used for risk adjustment were aneurysm size, balloon-
assistance, history of SAH, previous coiling, hypertension, diabetes
mellitus, smoking, and number of pipelines used in the initial procedure.

www.neurosurgery-online.com
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the neck of the aneurysm. C, Follow-up DSA sh

ing the complete resoluti

FIGURE 1. A, DSA with a selective catheterization of the ICA-MCA demonstrating a saccular aneurysm at the M3 branch. B, PED (Medtronic) deployed across
of the M3 aneurysm.

Statistical Analysis

Continuous variables are reported as means and categorical variables
as frequencies; statistical analysis was performed with the #-test. Statis-
tical analysis of categorical variables was performed with x?*. Statistical
significance was considered when P values were <.05.

Several methods were used to address confounding in our analysis of
the association of PED deployment in the DC and outcomes. Multi-
variable logistic and propensity score adjusted logistic regressions were
used to compare binary outcomes. Mixed-effect logistic regression with
the operating physician as a random-effects variable was used to control
for clustering at the physician level.

A propensity score adjusted logistic regression model was also utilized
to control confounding. A prediction model based on the covariates
discussed above was developed and then logistic regression was performed
with stratification by quantiles of the propensity score and with the
surgeon as a random-effects variable.

The original analysis did not include patients who were lost to follow-
up (7/437, 1.6%). Multiple imputations for those lost to follow-up were
implemented in sensitivity analysis. We created 5 imputed datasets that
did not show any further new associations.

All probability values were the result of two-sided tests. Stata-version-
13 (StataCorp, College Station, Texas) was used for statistical analysis.

RESULTS

Patient Characteristics

Between 2011 and 2016, a total of 437 patients (mean
age 52.12 yr; 62 women [14.2%]) underwent treatment with
PED. Twenty-six (5.9%) patients presented with an acute SAH.
Twenty-three of 437 (5.2%) received a pipeline in DCC: (11/23)
middle cerebral artery (MCA; Figure 1), (6/23) posterior cerebral
artery (PCA) (Figure 2), (3/23) anterior cerebral artery (ACA)
(one pericallosal [Figure 3], and two at Al-segment), and (3/23)

NEUROSURGERY

posterior inferior cerebellar artery. Smoking and hypertension
were seen in 50.1% and 49.6% of our patients, respectively. The
mean aneurysm size on presentation was 9.0 & 6.3 mm (Table 2).
Of the 437 aneurysms studied, 84% were saccular, 12% were
fusiform, and 4% were dissecting.

Outcomes of Flow Diversion in DCC Aneurysms
Residual Flow

Of the 414 patients treated with pipeline (Medtronic), 10.8%
(45/414, mean = 0.14, SD = 0.35) manifested a residual flow on
the latest angiography. Of the 23 patients treated with pipeline
for their DCA, 13% (3/23, mean = 0.19, SD = 0.40) had a
residual flow on their latest angiography. In the multivariate-effect
logistic regression, no association was found between pipeline use
in DCC and residual flow on the latest angiography (odds ratio
[OR], 1.60; confidence interval [CI] 95%, 0.40-6.38; P = .50).
Similarly, in a propensity-adjusted logistic regression, pipeline
use in DCC was not associated with the residual flow (OR,
1.82; CI 95%, 0.45-7.31; P = .39). In another multivariate-
effect logistic regression, pipeline deployment in MCA aneurysms
(OR, 0.67; CI1 95%, 0.74-5.46; P = .68) and PCA (OR, 3.6; CI
95%, 0.30-43.6; P = .31) was not associated with the residual

flow.

Thromboembolic Complications

Of the 414 patients treated with pipeline, 6.0% (25/414,
mean = 0.07; SD = 0.25) vs 8.6% (2/23, mean = 0.17;
SD = 0.39) of the 23 patients treated with pipeline in DCC
developed thromboembolic complications. The multivariate-
effect logistic regression showed no significant association
between pipeline in DCC and thromboembolic events (OR,
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FIGURE 2. A and B, DSA with a selective catheterization of the left vertebral artery (VA) showing a saccular aneurysm of the P3 segment of the left posterior cerebral
artery. C and D, Complete aneurysm embolization and dome protection with pipeline assisted coiling. E and ¥, Six-month follow-up DSA demonstrating patent PED
(Medtronic) across the neck of the coiled left P3 aneurysm with complete occlusion and isolation of the aneurysm from the parent vessel.

1.75; CI 95%, 0.35-8.73; P = .49). Correspondingly, in a
propensity-adjusted logistic regression, pipeline in DCC was not
associated with thromboembolic events (OR, 1.86; CI 95%,
0.37-9.17; P = .45). In another multivariate-effect logistic
regression, pipeline deployment in MCA (OR, 1.32; CI 95%,
0.15-11.81; P = .80) and PCA (OR, 4.36; CI 95%, 0.43-44.12;
P = .21) aneurysms was not associated with thromboembolic

events (Tables 3 and 4).

Occlusion Rate on Latest DSA

Of the 414 patients treated with pipeline, 68.3% (283/414)
of the patients were Class-1 based on the Raymond—Roy classifi-
cation of aneurysm occlusion, 8.7% (36/414) were Class-2, and
8.7% (36/414) were Class-3. Of the 23 patients treated with PED
in DCC, 78.3% (18/23) manifested with Class-1 occlusion on
latest angiography, 13% (3/23) Class-2, and 8.7% (2/23) Class-3.
The multivariate-effect logistic regression showed no association
between pipeline in DCC and occlusion rate on latest angiog-
raphy (OR, 0.64; CI 95%, —0.26 to 0.39; P = .70). In the
same analysis, the occlusion rate was associated with smoking
(P=.052) and previously treated aneurysm (P = .05). In another
multivariate-effect logistic regression, pipeline deployment in
MCA (OR, —0.66; CI 95%, —0.47 to —0.34; P = .75) and PCA
(OR, 0.28; CI1 95%, —0.54 to 0.59; P = .92) aneurysms was not

associated with aneurysm occlusion.

E480 | VOLUME85 | NUMBER3 | SEPTEMBER 2019

Clinical Outcome

Of the 414 patients treated with a pipeline, 88% had an
mRS < 2. Of the 23 patients treated with pipeline in DCC,
22/23 (95%) had a good clinical outcome (mRS < 2); the average
functional status on the latest follow-up visit was mRS = 1.0
(SD = 0.88). In multivariate analysis (OR, 0.56; CI 95%, 0.19-
0.93; P = .003), the use of PED in DCC was associated with
favorable clinical outcomes on the latest follow-up. In another
multivariate-effect logistic regression, pipeline deployment in
MCA (OR, 0.43; CI 95%, —0.06 to 0.92; P = .09) was not
associated with clinical outcome on the latest follow-up. Pipeline
deployment in PCA (OR, 0.69; CI 95%, 0.05-1.34; P = .035)
was associated with favorable clinical outcomes on the latest

follow-up (Tables 3 and 4).

Postprocedural Hospital Stay

Of the 414 patients treated with pipeline only, the mean
postprocedural length of stay (LOS) was 1.9 d (SD = 3.0) with
64% of the patients discharged on day 1. Of 23 patients treated
with pipeline in DC, the mean LOS was 1.4 d (SD = 0.9)
with 70% of the patients discharged at postoperative day 1. In
a multivariate-effect logistic regression, no association was found
between PED in DCC with LOS (OR, —0.13; CI 95%, —1.19 to
0.94; P = .82). In the same multivariate regression, the postoper-
ative stay was associated with previously treated aneurysms (OR,

—0.72; C195%, —1.44 to —0.002; P = .05; Tables 3 and 4).

www.neurosurgery-online.com
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FIGURE 3. A and B, DSA with a selective catheterization of the ICA-ACA
revealing a PED (Medtronic) successfully deployed across the neck of a perical-
losal saccular aneurysm.

Comparison of Outcomes Between Flow Diversion and
Coiling/Clipping of Distal Circulation Aneurysms

Thromboembolic Complications

Of the 29 patients treated with surgical clipping and or coiling,
only 2 (6.8%) developed thromboembolic events. In the group of
patients treated with pipeline in DCC, 8.6% (2/23, mean = 0.17;

NEUROSURGERY

OFF-LABEL USE OF PIPELINE IN DISTAL CIRCULATION

SD = 0.39) developed thromboembolism. The use of pipeline in
DCC was not a predictor of thromboembolism, P = .24.

Hemorrhagic Complications

Of the 29 patients treated with surgical clipping and/or coiling,
only 1 patient (3.4%) had a hemorrhagic complication. In the
other group of patients who were treated with pipeline in DCC,
only 1 patient had a bleeding. The use of pipeline in DCC was not
associated with an increased likelihood of hemorrhagic complica-
tions, P = .87.

Functional Status on Long-Term Follow-up

Of the 29 patients treated with surgical clipping and/or coiling,
86.2% (25/29) had an mRS < 2 on the latest clinical follow-
up (mean follow-up 24.2 mo). In the group of patients treated
with pipeline for their DCAs, 22/23 (95%) had a good clinical
outcome (mRS < 2); the average functional status on the latest
follow-up visit was mRS = 1.0 (SD = 0.88). The use of flow
diversion was not associated with a worse clinical outcome on the
latest clinical follow-up.

DISCUSSION

As of 2011, the use of PED (Medtronic) had been FDA
approved in adults for giant and large aneurysms that extend
from the petrous to the superior hypophyseal segment of the
ICA.> The success of PED use depicted in the high aneurysm
occlusion rates with an acceptable complication profile along with
the increasing operator experience has led to the use of PED for a
considerable variety of off-label applications.” '* The significant
rate of recurrence of distal aneurysms treated with conventional
endovascular techniques like coiling, and the high risk of compli-
cations associated with open surgery, justifies the implementation
of the relatively new flow diverters for the treatment of DCC
aneurysms.”® The use of PED in DCC has been described in
several studies, yet enough evidence to support this indication has
not been extensively substantiated.!>~!”

Treatment of DCAs with PED is regarded technically
challenging mainly because of the small caliber and tortuosity
of their parent arteries. They also often arise at major branching
points, which makes their treatment with PED less effective with
a risk of occluding/narrowing of the jailed branches. Besides,
perforators like the medial and lateral lenticulostriate arteries are
abundant at the level of the Al-segment of the ACA and the M1-
segment of the MCA, respectively, increasing the risk of perfo-
rator stroke in case they are covered with the PED.!® Moreover,
the superficial location of DCA makes them amenable to other
treatment options like microsurgical clipping. This entails setting
the bar high in terms of expectations and safety for the PED
treatment to be at least comparable to other available treatment
options. However, it is now regarded as an alternative, especially
for DCAs that are deemed challenging or risky to treat with the
traditional treatment methods.
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Cl, confidence interval; MCA, middle cerebral artery; mRS, modified Rankin Scale; OR,
odds ratio; PED, pipeline embolization device.

aMiddle cerebral artery.

Review of Literature

A number of case reports

18-20

and retrospective studies have

odds ratio; PED, pipeline embolization device.
2Posterior cerebral artery.

TABLE 2. Association Between Outcomes and Aneurysm in MCA TABLE 3. Association Between Outcomes and Aneurysm in PCA
MCA? OR 95% CI P-value PCA? OR 95% CI P-value
Residual flow 0.67 0.74 t0 5.46 .68 Residual flow 3.6 0.30to 43.6 31
Aneurysm thrombosis 132 0.15 to 11.81 .80 Aneurysm thrombosis 436 0.43 to 44.12 21
Intra-PED stenosis 2.71 0.48to 15.1 25 Intra-PED stenosis 2.87 0.27 to 29.54 38
Stent migration 26.9 1.03t07.04 .05 Occlusion rate 0.28 —0.54t0 0.59 .92
Occlusion rate —0.66 —0.47to —0.34 75 mRS on latest follow-up 0.69 0.05to 1.34 .035
mRS on latest follow-up 043 —0.06 t0 0.92 .09 Post-op stay 0.69 —1.94 t0 2.07 95
Post-op Stay —0.21 —153to 1.1 75

Cl, confidence interval; PCA, posterior cerebral artery; mRS, modified Rankin scale; OR,

Some of these studies were exclusive to a specific arterial territory
like the ACA,%21"24 MCA,'>?"% or PCA,**3 while others

assessed the safety and efficacy of PED use in adults for DCAs.  included aneurysms located in multiple locations.'®-17:31-34
TABLE 4. Aneurysms Characteristics
Aneurysm
Age Sex? Location® Size (mm) Form® Previously coiled Concomitant pipeline-assisted coiling
65 2 MCA-M1 30.0 2 0 0
48 1 ACA-pericollosal 6.0 2 0 0
50 2 MCA-M1 15.0 1 0 0
26 1 MCA-M3 5.0 2 0 0
68 2 MCA-M1 15.0 1 0 0
56 1 MCA-M1 25.0 2 0 1
75 1 PCA-P1/P2 12.0 1 0 0
75 1 MCA-M1 6.9 1 0 0
42 2 PCA-P2/P3 13.0 3 0 1
60 2 MCA-M1 13.0 1 0 1
7 2 MCA-M1 18.0 1 0 0
68 1 PCA-P1/P2 19.0 1 0 0
68 1 MCA-M3 6.0 2 0 0
56 1 PCA-P1/P2 87 2 1 0
80 1 MCA-M1 16.0 1 1 0
58 1 MCA-M1 9.0 2 0 0
65 1 PCA-P1/P2 43 3 0 0
57 1 PCA-P1/P2 12.6 1 0 1
65 1 ACA-A1 1.0 1 1 0
50 1 ACA-A1 14.0 1 0 1
55 1 PICAA 10.0 2 0 0
Supra-tonsillar
62 1 PICAA 9.0 2 0 0
Supratonsillar
70 1 PICAA 7.9 1 0 1

Anteromedullary

ACA, anterior cerebral artery; PCA, posterior cerebral artery; MCA, middle cerebral artery; PICA, posterior inferior cerebellar artery.

2Sex: 1-male; 2-female.

bAneurysm location: MCA (middle cerebral artery, [M] referring to distal branch); PCA (posterior cerebral artery, [P] referring to distal branch); ACA (anterior cerebral artery, [A]
referring to distal branch); PICA (posterior inferior cerebellar artery).
€Aneurysm form: 1-saccular; 2-fusiform; 3-dissecting.
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Relatively larger studies (>25 patients) including DCA at
all locations have shown a high occlusion outcome with an
acceptable complication rate. Saleme et al'” retrospectively
reviewed 32 patients with 37 DCAs at bifurcation sites that were
treated with PED. All aneurysms were treated with PED alone or
with concurrent coiling (18.9%). The procedural complication
rate was 8% with no mortalities. Atan 18 mo follow-up, 97.3% of
aneurysms showed no filling, while 2.7% had an entry remnant.
The authors concluded that treating DCA using PED is safe and
effective when properly planned. Similarly, Lin et al'® arrived at
the same conclusion after treating 20 DCAs with PED. At an
average follow-up of 7.7 mo, 77.8% of patients were found to
have complete aneurysm occlusion. The complication rate was
10.7%, with no mortalities. Almost all patients had a favorable
outcome (mRS 0-2) on follow-up except for one patient who
had an mRS of 3. Likewise, Pistocchi et al** published their
series of 30 DCAs treated with either silk or pipeline in 26
patients. At a mean angiographic follow-up of 13 mo, around
79% of aneurysms were totally occluded. Overall, neurological
complications were deplored in 11.1% of patients, 7.4% of
which were reversible. Interestingly, 21.7% of their patients were
found to have clinically silent intraflow-diverter stenosis. Other
studies dealt exclusively with the use of PEDs at specific distal
locations. Bhogal et al?! presented their experience in treating
26 DCAs at the level of the ACA. Only 20 patients had at
least one angiographic follow-up that showed complete exclusion
attained in 80% of treated aneurysms. Surprisingly, none of the
covered branches in their series was occluded on follow-up. On
the other hand, Yavuz et al?° used the PED to treat 25 MCA
aneurysms. According to the last follow-up, 84% of aneurysms
were completely occluded.

The occlusion rate of DCA presented in the majority of smaller
studies ranged between 62% and 100%, while neurologic compli-
cations ranged between 0% and 30%.1%:23:24:27:30:32.33 Viery few
studies reported lower occlusion rates and worse outcomes.??*??

Interpretation of Results

This study exhibits the largest US series of patients with
DCA treated in a single institution. All studies focusing on
the treatment of DCA with PEDs compared their results either
to previously published articles from other institutions or to
other meta-analyses. We used multivariate analysis to compare
the outcome and complication rate of DCA treated as an off-
label indication of the PED and carotid syphon aneurysms, also
treated with PED, at the same institution. In this study, we
did not find any statistically significant differences in compli-
cation rate (thrombosed aneurysm, intraflow-stent stenosis, and
stent migration) between DCA and aneurysms upstream from
the internal carotid bifurcation treated with the PED. Similarly,
the angiographic outcome (residual flow and complete occlusion
rate) was not shown to be statistically significant between the two
groups. Likewise, the postprocedural hospital stay was not found
to be statistically different using multivariate analysis. However,
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this was not the case for the clinical outcome where we found that
the use of PED in the DCC was associated with the mRS on the
latest follow-up. The mRS of patients with DCA treated with the
PED was significantly lower than the other group. In addition,
Lv et al®® showed in their meta-analysis that only posterior
circulation aneurysms and aneurysms in a peripheral location
were significantly associated with increased odds of morbimor-
tality. We found in a further multivariate-effect logistic regression
analysis that the latest clinical mRS was associated with PED
deployment in PCA aneurysms rather than MCA aneurysms.
Nonetheless, almost all our patients had an mRS < 2 on the latest
clinical follow-up.

Although a good clinical outcome (mRS < 2) of DCA treated
with PED was lower than that of aneurysms located in the carotid
syphon, our results (70% of patients had mRS < 2) fall in the
range of good outcome achieved in published series focusing on
distal aneurysms and other studies, which presented the results
of treatment of IAs using PEDs.>® We believe that treating DCA
with PED is comparable in terms of complication rate and angio-
graphic outcome with the treatment of aneurysms in a more
proximal location. A proper planning and more strict patient
selection would probably lead to a better clinical outcome, and
this can be the focus of future studies.

Limitations

We acknowledge the high expertise of the practicing interven-
tionists in our referral center who are exposed to an immense
volume of aneurysms that they treat with PED yearly. PED in
DCC should be deployed only by experienced interventionists.
Treatment by inexperienced interventionists would be associated
with a higher risk of complications. We have previously published,
under the correspondence of our senior neurosurgeon, an article
about the learning curve of our experts dealing with PED.

We believe that DCA should fall under a big spectrum, making
them different from each other in many aspects (anatomy, tortu-
osity, and branching vessels). The small number of patients and
the retrospective nature also limit our study. Larger, extensive
studies with long-term follow-ups are required to further confirm
the safety and efficacy of PED in off-label DCAs.

CONCLUSION

The PED is a viable option in treating DCAs. It has similar
complication and occlusion rates as compared to its use in
other more proximal and accessible aneurysm locations. It should
be considered whenever other treatment options are pondered
challenging or high risk. The main technical pear]l would be to
have a robust triaxial support system and to try to get the distal-
access catheter being as close to the aneurysm location as possible.
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