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BACKGROUND Although the Pipeline embolization device (PED) is effective for intracranial aneurysm treatment, its impact on the surrounding
vascular structure is unknown.

OBSERVATIONS A 71-year-old woman was incidentally found to have a simultaneous large posterior communicating artery aneurysm and an
ipsilateral small anterior choroidal artery aneurysm. She underwent flow diversion therapy for both aneurysms with a PED, but the distal shortening of
the PED after deployment led to the exposure of the anterior choroidal artery aneurysm. Follow-up angiography revealed complete obliteration of the
posterior communicating artery aneurysm, but the anterior choroidal artery aneurysm remained. Three years after the endovascular surgery, the patient
experienced a subarachnoid hemorrhage due to the rupture of the anterior choroidal artery aneurysm. Retrospective analysis of angiographic images
revealed a change in the vascular geometry surrounding the ruptured aneurysm after PED deployment; this was further accompanied by an increase in
the flow velocity inside the aneurysm.

LESSONS Because PED use might induce the adverse effects on the adjacent uncovered aneurysm by changing the vascular geometry and
hemodynamic stress, a cautious therapeutic strategy, such as proper placement of the stent and using a longer and appropriate-sized PED, should be
chosen when deploying the PED.

https://thejns.org/doi/abs/10.3171/CASE21651
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The Pipeline embolization device (PED; Covidien) is clinically
effective for the treatment of unruptured intracranial aneurysms;1–3

it consists of 48 braided wires with approximately 30%–35% metal
coverage, which disrupts the intra-aneurysmal blood flow, leading to
aneurysmal thrombosis.4 The device is extremely flexible when
deployed and can theoretically fit the original anatomy with minimal
anatomical deformation, regardless of the regional tortuosity.5

To date, the adverse effects of PED deployment on the sur-
rounding vascular structures are unknown. Previous reports have
shown that the deployment of neck-bridging stents can sometimes
cause parent artery straightening, which changes the vascular
geometry, leading to thrombosis of the aneurysm by decreasing
flow velocity toward the aneurysm.4 Although straightening of the

parent artery by stent deployment has beneficial effects on the pro-
gression of aneurysmal thrombosis, it simultaneously carries the
potential risk of complications.6

Herein, we report a case of PED deployment for a large poste-
rior communicating artery aneurysm, which changed the vascular
geometry and hemodynamic stress of the adjacent ipsilateral ante-
rior choroidal artery aneurysm, leading to aneurysmal rupture 3
years later. We further sought to elucidate the mechanism underly-
ing this negative outcome using flow dynamics analysis.

Illustrative Case
A 71-year-old woman, incidentally found to have multiple aneur-

ysms during an investigation for headache, was admitted to our

ABBREVIATIONS DSA 5 digital subtraction angiography; ICA 5 internal carotid artery; MAFA 5 mean aneurysm flow amplitude; PED 5 Pipeline embolization device.
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hospital. Preoperative digital subtraction angiography (DSA) showed
a large posterior communicating artery aneurysm (maximum size,
12.7 mm) in addition to an ipsilateral small anterior choroidal artery
aneurysm (maximum size, 2.6 mm) (Figs. 1A and 2A). Because the
two aneurysms were close to each other in the left internal carotid
artery (ICA), we planned to treat both aneurysms simultaneously
using a PED. The patient received oral antiplatelet drugs (aspirin
100 mg and clopidogrel 75 mg) preoperatively and intravenous hep-
arin during the procedure to maintain the activated coagulation time
in the range of 250–300 seconds. With the patient under general
anesthesia, both the 8-French Roadmaster TH catheter (Goodman)
and 5-French Cerulean G catheter were placed in parallel in the left
ICA via a femoral artery access. After a 5-French Navien catheter
(Medtronic-Covidien) was parked at the cavernous portion of the
left ICA through the 8-French Roadmaster catheter, a Marksman
microcatheter (Medtronic-Covidien) was introduced into the left mid-
dle cerebral artery. Subsequently, an SL-10 microcatheter (Stryker
Neurovascular) was navigated into the posterior communicating

FIG. 1. DSA of the left ICA. A: Initial DSA shows the coexistence of a large posterior communicating artery aneurysm (arrowhead) and a small
anterior choroidal artery aneurysm (arrow). B: DSA and cone-beam computed tomography immediately after PED deployment. Although we initially
deployed a PED from the bifurcation of the left ICA, the distal end of the stent slipped down during the procedure (arrows). Note that the PED
barely covers the neck of the anterior choroidal artery aneurysm. C: DSA and cone-beam computed tomography at 6 months after endovascular
therapy. Complete obliteration of the posterior communicating artery aneurysm in contrast to the residual anterior choroidal artery aneurysm can be
observed; note the distal shortening of the PED leading to the exposure of the anterior choroidal aneurysm to the parent artery (arrows). D: DSA
after the onset of subarachnoid hemorrhage. The anterior choroidal artery aneurysm is slightly enlarged and accompanied by the formation of a
new bleb.

FIG. 2. Three-dimensional DSA (3D-DSA) of the left ICA. A: Preopera-
tive image showing bending of the left ICA juxtaposed to the anterior
choroidal artery aneurysm. The flow angle of the anterior choroidal
artery aneurysm is 100°. B: 3D-DSA at 6 months after PED deploy-
ment. Distal shortening of the PED resulting in the uncovering of the
anterior choroidal artery aneurysm. The flow angle of the anterior cho-
roidal artery aneurysm changes from 100° to 125°.
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artery aneurysm through the 5-French Cerulean G catheter. Although
we attempted to deploy a PED (4.25 mm � 16 mm) from the bifurca-
tion of the left ICA, the distal end of the stent unexpectedly slid down
during the procedure, which barely covered the neck of the anterior
choroidal artery aneurysm. After the PED deployment, coil embolization
of the posterior communicating artery aneurysm was performed
through the SL-10 microcatheter using the jailing technique. Because
cone-beam computed tomography after the PED deployment and the
SL-10 microcatheter removal revealed good wall apposition of the
stent, balloon plasty was not performed. Both aneurysms were initially
covered with the PED, whereas the straightening of the left ICA due to
the PED became prominent (Fig. 1B).

Follow-up DSA was performed 6 months after the endovascular
therapy, revealing complete occlusion of the posterior communicating

artery aneurysm with a remnant of the anterior choroidal artery aneu-
rysm (Fig. 1C). Unexpectedly, distal shortening of the PED occurred,
leading to the exposure of the anterior choroidal artery aneurysm to
the parent artery (Fig. 1C). Although the flow angle of the anterior cho-
roidal artery aneurysm was 100° before PED deployment (Fig. 2A), it
changed to 125° at 6 months after the endovascular therapy (Fig. 2B).
Because the anterior choroidal artery aneurysm was small, we decided
not to perform additional treatment and to continue with the angio-
graphic follow-up.

Three years after the endovascular therapy, the patient was
admitted to our hospital with a sudden onset of severe headache.
On admission, her Glasgow Coma Scale score was 13 (eyes, 3;
verbal, 4; motor, 6) without focal neurological signs. Because com-
puted tomography showed diffuse subarachnoid hemorrhage, emer-
gent DSA was performed, which showed no recurrence of the
posterior communicating artery aneurysm. In contrast, the anterior
choroidal artery aneurysm was slightly enlarged and accompanied
by the formation of a new bleb (Fig. 1D), suggesting that the ante-
rior choroidal artery aneurysm was responsible for the onset of the
subarachnoid hemorrhage. She underwent surgical clipping for the
anterior choroidal artery aneurysm by the left pterional approach.
Intraoperative findings revealed that the anterior choroidal artery
aneurysm was covered with a fibrin cap (Fig. 3A), indicating rup-
ture. Complete clipping was achieved with preservation of the ante-
rior choroidal artery (Fig. 3B). The patient’s postoperative course
was uneventful, and she was discharged to a rehabilitation hospital
with a modified Rankin scale score of 3.

We retrospectively analyzed the hemodynamic changes in the
anterior choroidal artery aneurysm before and after PED deploy-
ment using the flow analysis software on the Philips Healthcare
interventional workstation (AneurysmFlow, XtraVision workstation
release 8.8.1, Philips Healthcare) (Fig. 4). By applying an optical

FIG. 3. Intraoperative findings of the surgical clipping. A: Anterior cho-
roidal artery aneurysm is covered with a fibrin cap, indicating its rup-
ture. Note the thrombosed posterior choroidal artery aneurysm
(asterisk) and transparently visualized PED (arrowheads) inside the left
ICA proximal to the anterior choroidal artery aneurysm. B: The ruptured
anterior choroidal artery aneurysm was surgically clipped, and the ante-
rior choroidal artery was preserved.

FIG. 4. Hemodynamics of the anterior choroidal artery aneurysm before (A) and after (B) the PED deployment. Aneurysm flow amplitude displaying
averaged detector velocity fields (white dots with lines showing the direction of travel) superimposed on a velocity magnitude color map (m2/s;
blue5 slower, red5 faster). After PED deployment, the MAFA significantly increased inside the anterior choroidal artery aneurysm (arrows),
whereas the flow amplitude in the posterior communicating artery aneurysm decreased.
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flow algorithm to the DSA time series, the software determined the
flow within the aneurysm sac and automatically calculated the
mean aneurysm flow amplitude (MAFA) ratio.7,8 The MAFA value of
the left anterior choroidal artery aneurysm increased from 0.43 ml/s
to 0.68 ml/s after the PED deployment, and the ratio of the increase
in MAFA was calculated to be 1.54.

Discussion
Observations

The effects of PED deployment on the surrounding vascular
structure have not been clarified thus far. According to previous
reports, neck-bridging stents promote aneurysmal thrombosis by the
straightening effect.5,9 On the one hand, computational fluid dynam-
ics analysis shows that the change in the angle of the parent vessel
after stent deployment reduces the blood flow into the aneurysm,
leading to aneurysmal thrombosis.5,9,10 On the other hand, the
stent-induced straightening of the surrounding vascular structure
carries the risk of potential complications.5 Straightening of the par-
ent artery by the neck-bridging stent has been reported to induce
kinking of the distal portion, resulting in an unexpected occlusion of
the vessel. In the present case, the supraclinoid portion of the left
ICA straightened after PED deployment, although the straightening
effect after PED deployment has not been reported previously.
Because the straightening of the surrounding vascular structure car-
ries a risk of complications, we should pay attention to the geomet-
rical changes occurring after PED deployment.

The interesting finding of the present case is the delayed change
in stent coverage at the distal end of the PED, resulting in the fail-
ure of the anterior choroidal artery aneurysm. This unfavorable situ-
ation could have been caused by either PED shortening or
migration. A previous study reported that the prevalence rate of
delayed PED shortening or migration ranged from 2.2% to 4.9%.11

The mechanism of delayed stent shortening is called the “accordion
effect,” whereas that of the delayed stent migration is termed the
“watermelon seed” effect.12,13 The accordion effect is the phenome-
non of foreshortening of a device that can be stretched forcibly dur-
ing stent opening.12,13 In contrast, the watermelon seed effect is a
phenomenon of proximal device migration when there is a signifi-
cant difference in diameter between the proximal and distal ves-
sels.11,13 In the present case, there was no significant difference in
luminal diameter between the inflow and outflow vessels, and the
proximal end of the PED did not move at all after stent deployment.
Therefore, we think that the accordion effect was mainly responsible
for the delayed change in stent coverage. The choice of small PED
might have resulted in foreshortening of the stent in the present
case. In addition, considering the possibility of foreshortening of the
stent, PED should be deployed from M1. Taken together, avoiding
stretching the PED during deployment, proper placement of the
stent, and using a longer and appropriate-sized PED to adequately
cover the targeted aneurysms might prevent the adverse outcome
caused by the accordion effect.

Another interesting finding of the present case is that PED
deployment changes the vascular geometry and aneurysm hemody-
namics of the adjacent cerebral aneurysm. Follow-up DSA revealed
that the flow angle of the anterior choroidal artery aneurysm and
the relationship of the aneurysm dome to the parent artery14 signifi-
cantly increased due to the straightening effect of the PED. A previ-
ous report showed that increasing the flow angle would lead to a
deeper migration of the flow recirculation zone into the aneurysm,

resulting in a higher inflow velocity and wall shear stress in both
the inflow zone and dome, thus causing rupture.15 Indeed, the flow
velocity inside the anterior choroidal artery aneurysm, calculated as
MAFA using the flow analysis software, revealed a dramatic
increase after PED deployment, which probably promoted subse-
quent rupture in our case. Based on these findings, after endovas-
cular therapy, management should be undertaken with great
caution if the flow angle increases in the adjacent aneurysm due to
incomplete PED placement. If the flow analysis suggests a substan-
tial risk of rupture in the adjacent aneurysm, aggressive treatment,
including second PED deployment, should be considered, even if
the aneurysm is small.

Lessons
Because PED might induce the adverse effects on the adjacent

uncovered aneurysm by changing the vascular geometry as well as
hemodynamic stress, a cautious therapeutic strategy, such as
proper placement of the stent and using a longer and appropriate-
sized PED, should be adopted when deploying the PED. In addi-
tion, aggressive treatment should be considered if flow analysis
reveals an increased risk of rupture.
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