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Second-stage pipeline embolization sl

device treatment with coil embolization

for large cerebral aneurysm prevents silent
diffusion-weighted image ischemic infarction:
a retrospective study
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Abstract

Background Second-stage flow diversion with coil embolization may improve occlusion outcomes and reduce
periprocedural complications in patients with cerebral aneurysm. However, the actual cause behind this is unclear. In
this study, we aimed to compare the efficacy and safety of second-stage pipeline embolization device (PED) and sin-
gle-stage PED with coil embolization.

Results Of the 22 treated patients with aneurysm, 10 and 12 were treated with second-stage PED and single-

stage PED with coil embolization, respectively. The mean follow-up duration was 29.6 months. The mean numbers

of diffusion-weighted image (DWI)-positive spots on day 1 post-procedure were 4.9 and 10.8 in the second-stage
and single-stage PED with coil embolization groups, respectively (P=0.01). Deterioration of the modified Rankin scale
score was not > 2 in any patient during follow-up in the second-stage PED group but was observed in 16.7% of cases
(2/12) in the single-stage PED with coil embolization group (P=0.48). On follow-up angiography, complete occlusion
was observed in all patients (10/10) in the second-stage PED group and 66.7% (8/12) in the single-stage PED with coll
embolization group (P=0.09).

Conclusions The second-stage PED strategy significantly reduces the number of DWI high-intensity spots, leading
to the prevention of ischemic complications. This strategy may help to prevent complications and reduce morbidity.
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Background

Flow diverters are a breakthrough treatment option for
large or giant intracranial aneurysms. Treating unrup-
tured intracranial aneurysms using the flow diverter
imparts a low risk of both mortality (0.8%) and major

Yg?[fes igcvi?ucg complications (1.8%) [1]. Although flow-diverting stents
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large or giant aneurysms. In a meta-analysis of 1654
aneurysms, the rate of delayed rupture resulting in suba-
rachnoid hemorrhage (SAH) following flow diversion for
cerebral aneurysm (CA) was 4% [5]. Proposed mecha-
nisms for delayed rupture after flow diversion include
hemodynamic shifts with inflow/outflow mismatch and
intrathrombus enzymatic proteolysis of the aneurysm
wall; however, the exact etiology is unknown. Several
reports have recommended combining coils with flow
diversion for large and giant aneurysms to stabilize the
thrombus and equilibrate hemodynamic stress within the
dome of the aneurysm [6]. In Japan, single-stage flow-
diverting stents with concurrent coil embolization for
aneurysms are not accepted due to insurance calculation
issues. Each Japanese hospital bears the cost of the coils.
The intentional division of flow-diverting stents from
coil embolization as a second-stage procedure is neces-
sary for resolving insurance issues. The literature pro-
vides brief information about the pipeline embolization
device (PED) as a second-line treatment in patients with
recurrent or residual CA [7]. In this study, we aimed to
compare the efficacy and safety of second-stage PED and
single-stage PED with coil embolization.

Methods

We explored our retrospectively maintained database
for screening all patients with an intracranial unrup-
tured large saccular aneurysm treated with PED between
November 2015 and July 2022. The patients treated with
PED only and with an aneurysm size <10 mm were
excluded. Information on patient demographics, includ-
ing age and sex, dual antiplatelet therapy, location of the
aneurysm, symptom status, and size of the aneurysm and
neck, was collected. Symptomatic aneurysm refers to an
aneurysm causing a mass effect without rupturing. We
also documented whether adjunctive coil embolization
was performed simultaneously and obtained all follow-
up imaging data.

Patients were pretreated with aspirin (100 mg/day)
orally and clopidogrel (75 mg/day) orally for 2 weeks.
Aspirin and P2Y12 reaction units were measured using
a rapid platelet function assay (Verify Now; Accumetrics,
Inc., San Diego, CA, USA) to assess resistance to aspirin
or clopidogrel. When resistance was detected, the aspirin
or clopidogrel dose was increased; alternatively, cilostazol
(200 mg/day) or prasugrel (20 mg/day) was prescribed.
Patients continued to receive clopidogrel for a minimum
of 6 months and aspirin for a minimum of 2 years after
treatment. Prasugrel administration was continued at
3.75 mg/day for a minimum of 6 months.

The procedures were performed on a biplane angio-
graphic system with the patient under general anesthesia.
Intravenous heparin was usually administered following
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arterial access to achieve an activated clotting time of
250s.

We compared the treatment strategy with the timing
of PED placement. The patients were divided into two
groups (second-stage PED versus single-stage PED with
coil embolization).

In the single-stage PED with coil embolization group,
coiling was performed in conjunction with PED treat-
ment. During adjunctive coil embolization, the aneurysm
was either coiled by a jailed microcatheter after deploy-
ment of the PED or initially coiled with balloon remod-
eling, followed immediately by the deployment of the
PED. Coil embolization was performed to promote ear-
lier thrombosis of the aneurysm.

In the second-stage PED with coil embolization group,
no attempt was made to perform complete occlusion of
the aneurysm with coils. The second-stage PED group
included a residual CA that underwent planned coiled
embolization followed by a PED. PED was scheduled
after a variable period and was usually performed within
1 month for a large aneurysm that contained a paracli-
noid portion with jet flow because of the increased risk
of rupture.

All patients were examined at our hospital by an inde-
pendent neurosurgeon who measured the neurological
outcomes using the modified Rankin scale (mRS) at the
final follow-up visit. Magnetic resonance imaging (MRI)
scans were routinely obtained 24—36 h after treatment. In
the second-stage PED with coil embolization group, MRI
scans were performed for the first time after coil embo-
lization and the second time after PED insertion. The
mean numbers of the diffusion-weighted image (DWI)-
positive spots were compared between the second-stage
PED and single-stage PED with coil embolization groups.
The second-stage PED with coil embolization group pre-
sented the numbers that were the sum of DWI-positive
spots after coil embolization and after PED deployment.
Four-vessel digital subtraction angiography (DSA) was
performed before and immediately after embolization
and at the 6-month or 12-month follow-up visit. Some
patients underwent DSA at the 24-month follow-up visit
if the aneurysm was not occluded at the 12-month visit.
Occlusion on follow-up DSA was graded according to the
O’Kelly—Marotta scale for flow diversion as follows: A,
complete; B, incomplete; C, neck remnant; or D, no fill-
ing [8].

Our dataset consisted of both continuous and categori-
cal variables. When comparing the differences between
groups, a t-test was used for continuous variables, and
Fisher’s exact test was used for categorical variables. All
statistical analyses were performed with standard sta-
tistical software (JMP® 10; SAS Institute Inc., Cary, NC,
USA). A P value <0.05 was considered significant.
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Results

Of the 99 aneurysms treated using PED between Novem-
ber 2015 and July 2022 at our institution, those treated
with PED only and with an aneurysm size of <10 mm
were excluded. Ten patients were treated with a second-
stage PED and twelve with a single-stage PED with coil
embolization. Twenty-two patients were compared
according to the method used (second-stage PED versus
single-stage PED with coil embolization) (Figs. 1, 2).

The mean patient age (+standard deviation) was
61.0£10.9 (range, 42—83) years. The study group included
18 females (81.8%). Dual antiplatelet therapy was admin-
istered as pretreatment for the patients [aspirin+ clopi-
dogrel, 19 (86.4%) patients; aspirin + cilostazol, 1 (4.5%);
and aspirin + prasugrel, 2 (9.1%)]. The mean aneurysm
size was 18.4+ 6.7 mm, and the mean aneurysm neck size
was 7.1+3.0 mm. Two aneurysms (9.1%) were located
in the internal carotid-posterior communicating artery,
five (22.7%) were located in the cavernous portion of the
internal carotid artery, and 15 (68.2%) were located in the
paraclinoid portion of the internal carotid artery. Eight
aneurysms (36.4%) were symptomatic. The mean time to
final follow-up was 29.6 +15.9 (range 12-74) months. In
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the second-stage PED group, the median time from the
first coil embolization to the placement of a PED was 1
(interquartile range 1-3) month. There was a significant
difference in the frequency of a symptomatic aneurysm
between the second-stage PED and single-stage PED
with coil embolization groups (P<0.05). Aneurysm size
was not significantly different between the two groups,
but the size of the second-stage PED group tended to
be smaller than that of the single-stage PED with coil
embolization group (P=0.05). No significant difference
between the groups was found for any other characteris-
tic (Table 1).

Deterioration of the mRS score>2 was not found in
any patient in the second-stage PED group at any follow-
up visit but was found in 16.7% of the patients (2/12)
in the single-stage PED with coil embolization group
(P=0.48). During the perioperative phase, two patients
in the single-stage PED with coil embolization group
developed permanent morbidity due to brain edema
and remote intracranial hemorrhage. Symptomatic
ischemic complication was not found in any patient in
the second-stage PED group; however, it was found in
8.3% of the patients (1/12) in the single-stage PED with

Fig. 1 lllustrative case of second-stage PED with coil embolization. A Lateral angiogram revealing a large intracranial aneurysm measuring

14.0 mm located in the paraclinoid portion of the left internal carotid artery. B Digital angiogram of coil embolization using microballoon. C
Residual cerebral aneurysm state after coil embolization. D DWI study obtained 1 day post-coil embolization, revealing no hyperintense lesions.
E Pre-pipeline embolization revealing residual cerebral aneurysm 1 month after coil embolization. F Multiplanar reconstructed dynamic CT scan
obtained after dilute contrast injection, showing the deployed PED and coils. G DWI study obtained 1 day post-pipeline embolization, revealing
a hyperintense lesion in the frontal lobe. H 6 months after second-stage PED deployment with coil embolization, revealing complete occlusion,
OKM D. CT, computed tomography; DWI, diffusion-weighted image; OKMD, OKM, O’Kelly-Marotta grade D; PED, pipeline embolization device
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Fig. 2 lllustrative case of single-stage PED with coil embolization. A Lateral angiogram revealing a large internal aneurysm measuring 16.0 mm
located in the cavernous portion of the right internal carotid artery. B Pre-pipeline embolization with coil embolization. C Post-deployment of PED
transversing the neck of the aneurysm. D Coil embolization after the deployment of PED. E DWI study obtained 1 day post-pipeline embolization,
revealing hyperintense lesions in the right centrum semiovale. F 6 months post-deployment of single-stage PED with coil embolization, revealing
complete occlusion, OKM D. DW|, diffusion-weighted image; OKMD, OKM, O’Kelly-Marotta grade D; PED, pipeline embolization device

Table 1 Summary of clinical and demographic characteristics of the study population

Characteristic All patients Second-stage PED/coils Single-stage PED/coils Pvalue

Aneurysms treated, n 22 10 12

Age, years, mean (SD) 62.6(10.3) 59.1 (9.4) 65.6(10.2) 0.16

Female sex, n 18 (81.8%) 7 (70%) 11 (91.7%) 0.29

Dual antiplatelet therapy
ASA+ Clopidogrel, n 19 (86.4%) 10 (100%) 9 (75.0%) 0.2
ASA+Cilostazol, n 1(4.5%) 0 (0%) 1(8.3%) 1.0
ASA+Prasugrel, n 2(9.1%) 0 (0%) 2(16.7) 048
Aneurysm size, mm, mean (SD) 184 (6.7) 154 (4.2) 209 (7.3) 0.05
Neck size, mm, mean (SD) 7.1(3.0) 6.0 (1.9 8.2(3.4) 0.10
Symptomatic aneurysm, n 8 (36.4%) 1(10%) 7 (58.3%) 0.03
Follow-up, months, mean (SD) 296 (15.9) 248 (14.1) 33.7(16.2) 0.21

PED pipeline embolization device, SD standard deviation, ASA acetylsalicylic acid

coil embolization group, with no significant difference
between the groups (P=0.35). MRI scans were routinely
obtained 24-36 h after treatment. In the second-stage
PED group, the mean number of DWI-positive spots
was 1.1 after coil embolization, and it was 3.8 after PED
embolization. The mean number of the DWI-positive
spots was 8.1 in all aneurysms, 4.9 in the second-stage

PED group, and 10.8 in the single-stage PED with coil
embolization group (P=0.01). Retreatment was required
in two patients (16.7%, 2/12) in the single-stage PED
with coil embolization group (P=0.48). The mRS score
was 0-1 in 10 patients (100%, 10/10) in the second-stage
PED group and 10 (83.3%, 10/12) in the single-stage
PED with coil embolization group (P=0.48; Table 2). On
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Table 2 Clinical and image outcomes post-embolization
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Characteristic All patients Second-stage PED/coils  Single-stage PED/coils Pvalue
Aneurysms treated, n 22 10 12

mRS 0-1,n 20 (90.9%) 10 (100%) 10 (83.3%) 048
Deterioration of mRS (>2 points), n 2(9.1%) 0 (0%) 2 (16.7%) 048
Symptomatic ischemic complication, n 1 (4.5%) 0 (0%) 1(8.3%) 1.0
DWI-high spots, mean (SD) 8.1(5.7) 49 (3.8) 10.8 (5.7) 0.01
Retreatment, n 2 (9.1%) 0 (0%) 2 (16.7%) 048

PED pipeline embolization device, mRS modified Rankin scale, SD standard deviation

Table 3 Angiographic outcomes post-embolization

Characteristic All aneurysms Second- Single- Pvalue
stage PED/ stage PED/
coils coils
Follow-up angio- 22 10 12
gram,n
OKMCandD,n  21(95.5%) 10 (100%) 11091.7%) 1.0
OKM D, n 18 (73.3%) 10 (100%) 8 (66.7%) 0.09

OKM O’Kelly-Marotta grade, PED pipeline embolization device

follow-up angiography, complete occlusion was observed
in all patients (10/10) in the second-stage PED group and
66.7% (8/12) in the single-stage PED with coil emboliza-
tion group (P=0.09; Table 3).

Discussion
From this study, we found that the intentional second-
stage PED strategy significantly reduced the number of
DWT high-intensity spots. Thus, deterioration of the mRS
score >2 was not found in any patient in the second-stage
PED group at any follow-up visit. However, limited infor-
mation is available on the use of PED as a second-line
treatment for recurrent or residual aneurysms [3, 7, 9].
The most common reason for combining coils with
flow diversion is that it reduces the risk of delayed aneu-
rysmal rupture in patients with large or giant aneurysms.
In a meta-analysis of 1654 aneurysms, the rate of delayed
rupture resulting in SAH following flow diversion for
CA was 4%. Large and giant aneurysms were more sus-
ceptible to this phenomenon. The odds ratio for delayed
SAH associated with a small or large aneurysm compared
with a giant aneurysm was 0.10 [5]. Bender et al. recom-
mended combining coils with flow diversion for large and
giant aneurysms to stabilize the thrombus and equili-
brate hemodynamic stress within the dome of the aneu-
rysm. They also mentioned that combining coils with
flow diversion expedites the occlusion of morphologically
irregular aneurysms and provides scaffolding support for
the stent in giant aneurysms [6]. No study has shown a
statistically significant increase in morbidity compared

with single-modality flow diversion combining coils
with flow diversion [10]. However, a study demonstrated
combining coils with flow diversion with a significantly
increased rate of intra-procedural stent thrombosis, pro-
gressing to symptomatic ischemia without timely rec-
ognition and treatment [11]. Previous reports have
recommended the use of a light coil pack (14% packing
density overall) and systemic heparinization in these
patients overnight following their procedure to limit the
risk of acute stent thrombosis [6]. In a systematic review
and meta-analysis, dual antiplatelet regimens, including
ticagrelor or prasugrel, were safe for patients undergoing
flow diversion procedures. Compared with clopidogrel,
the use of ticagrelor or prasugrel was significantly associ-
ated with a low risk of mortality [3]. A potent antiplate-
let therapy like ticagrelor or prasugrel might mitigate the
complications.

In our study, 15 asymptomatic DWI-positive spots
were detected 24 h after treatment in one patient in
the single-stage PED with coil embolization group.
The patient developed symptomatic cerebral infarc-
tion after the procedure on postoperative day 14. When
the patient developed symptomatic cerebral infarction,
new DWI-positive areas were detected. After 24 h, the
patient developed intracranial hemorrhage in the same
infarcted area. The incidence of DWI positivity following
flow diversion was 51-67% [12-14]. In a meta-analysis,
which included >2000 patients undergoing endovascular
treatment of intracranial aneurysms, there was a trend
toward a higher rate of thromboembolic complications
among those treated with flow diverters compared with
those treated with coiling alone. Compared with stent-
assisted coiling, the use of flow-diverting stents showed
a statistically significant correlation with silent DW1I find-
ings postintervention. Because flow diverters are high-
density metal constructs with large endoluminal surface
areas, these devices pose a higher risk of thrombosis in
the lumen of the parent artery. Shearing stress from
blood flow through the device can cause these thrombi
to embolize [12]. Most thromboembolic events likely do
not present as focal neurologic deficits simply because
they occur in non-eloquent locations. Studies have
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prospectively explored the relationship between DWI
positivity for lesions and neuropsychological examination
performance and have yielded variable results. Patients
with intracranial DWI lesions post-cardiac endovascular
and surgical procedures have reduced cognitive function
on neuropsychological examinations [15, 16]. However,
studies on coiling and flow diversion have demonstrated
no association between the presence of DWI lesions and
neuropsychological examination performance [11, 17].
In our study, the second-stage PED strategy significantly
reduced the number of DWI-positive spots. Unlike sec-
ond-stage PED, using multiple devices is necessary for
the single-stage PED with coil embolization, which might
have been associated with a significant increase in the
number of DW1I-positive spots in our study.

Kiihn et al. evaluated 24 patients treated with a second-
line PED for recurrent or residual intracranial aneurysms
in a single-center analysis and did not observe any treat-
ment-related complications that resulted in a worsening
mRS score and attributed their favorable results to the
fact that none of their cases had previously been treated
with stent-assisted coiling [7]. In our study, patients who
underwent second-stage PED did not experience more
morbidity than those who underwent single-stage PED
with coil embolization. The use of second-stage PED
might help to reduce post-procedural morbidity, espe-
cially stroke complications. The risk of embolic stroke
may be lower with second-stage PED after coil emboli-
zation because it is a divided procedure. Chiu et al. [18]
reported cerebral hyperperfusion syndrome after endo-
vascular flow diversion. This change has been hypoth-
esized to be the cause of intraparenchymal hemorrhage
after flow diversion. We believe that second-stage PED
might have led to mildly reduced vessel flow distal to the
aneurysm due to the divided procedure. This procedure
might be associated with less risk of remote intracranial
hemorrhage.

In our study;, all patients in the second-stage PED group
showed complete occlusion on the final follow-up angio-
gram. Our result is consistent with the occlusion rates of
85.7-94.4% reported in previous literature mentioning
PED in patients with recurrent or residual CAs [7, 9]. In
our study, the occlusion rate of angiographical outcomes
was not significantly different in the single-stage PED
group; however, the second-stage PED group showed
a better tendency of complete occlusion rate than the
single-stage PED group (P=0.09). Among baseline char-
acteristics, aneurysm size was not significantly different
between the two groups; however, it tended to be smaller
in the second-stage PED group than in the single-stage
PED with coil embolization group (P=0.05). Ogilvy
et al. reported that aneurysm size (>10 mm), neck size
(>4 mm), rupture, and stent assistance were independent
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predictors of retreatment in patients treated with coiling,
stent-assisted coiling, and flow diverter [19]. In our study,
larger aneurysms were included in the single-stage PED
group, which might have influenced the complete occlu-
sion rate in the two groups.

The limitations of our study include its single-center,
retrospective design, small sample size, and short follow-
up duration. Moreover, it is difficult to perform a second-
stage PED for aneurysms with a very wide neck and those
of the fusiform type. Therefore, there may have been
some degree of unmeasured confounding variables in
this study as a result of the morphological selection bias.
Nevertheless, we believe that this strategy provides valu-
able reassurance for patients undergoing retreatment of
an aneurysm with PED.

Conclusions

Symptomatic ischemic complication was found in one
patient in the single-stage PED with coil embolization
group and in none of the patients in the second-stage
PED group, with no significant difference between the
two groups. Notably, the second-stage PED strategy sig-
nificantly reduced the number of DWI high-intensity
spots, thus preventing ischemic complications and the
deterioration in morbidity. This strategy allows effective
and safe treatment of aneurysms using a PED.
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