
invasive percutaneous pedicle fixation strategy was successfully
employed, subsequent to the sacral fracture complication, to cor-
rect the spondylolisthesis. A solid fusion was achieved at the
12 month follow-up, with complete relief of the initial radiculopa-
thy and low back pain. Given the unique axial loads and shear
stresses at the L5–S1 level, supplemental posterior screw fixation
is advised when using a stand-alone ALIF device for isthmic
spondylolisthesis. The choice of a minimally invasive percutaneous
strategy may also reduce extensive tissue dissection and the intra-
operative blood loss [10].

4. Conclusion

We described a man with L5–S1 isthmic spondylolisthesis who
experienced a follow-up sacral fracture. This was successfully
managed using a minimally invasive percutaneous posterior fixa-
tion strategy. This man confirms the essential role of fusion in
achieving good functional results for isthmic spondylolisthesis
with neurological symptoms.
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Endovascular flow diversion therapy for an actively hemorrhaging
aneurysm after intraoperative rupture
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a b s t r a c t

We report a 56-year-old woman who had an unruptured posterior communicating artery aneurysm.
Given the size and location of the aneurysm, as well as her history of smoking and age, she received
endovascular treatment with the pipeline embolization device (PED; ev3 Endovascular, Plymouth, MN,
USA), complicated by intraoperative rupture (IOR). Flow diversion therapy with the PED has become
an increasingly popular method of aneurysmal embolization and parent vessel remodeling. While its
on-label approval is for large unruptured aneurysms of the internal carotid artery, success in off-label
scenarios has been reported, including ruptured aneurysms. IOR complicates endovascular aneurysm
treatment and can cause devastating morbidity or mortality, necessitating acute embolization of the
hemorrhaging aneurysm. This patient illustrates the feasibility of treating an IOR with a stand-alone flow
diversion device by using PED.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Since the USA Food and Drug Administration approval of the
pipeline embolization device (PED; ev3 Endovascular, Plymouth,
MN, USA) in 2011, and the subsequent publication of the Pipeline
for Uncoilable or Failed Aneurysms (PUFS) trial, the endovascular
treatment of intracranial aneurysms with flow diverters has
become increasingly popular [1]. Rather than direct aneurysm
embolization, endoluminal flow diversion therapy, including PED,
enables progressive aneurysm thrombosis and reconstruction of

the parent artery as neointimal growth occurs within the device
[2]. The PED was originally designed and approved for use in large,
intracranial, unruptured internal carotid artery (ICA) aneurysms.

Intraoperative rupture (IOR) of aneurysms during endovascular
procedures is a devastating complication, with increased rates of
morbidity and mortality reported [3]. Once recognized, IOR
requires expeditious embolization of the aneurysm and reversal
of anticoagulation, and some patients require placement of an
external ventricular drain. We report a patient in whom an IOR
occurred during PED placement for a previously unruptured aneur-
ysm. This patient demonstrates the feasibility and effectiveness of
flow diversion to aid in hemostasis for actively hemorrhaging
aneurysms.
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2. Case report

A 56-year-old woman was found to have a posterior communi-
cating artery (PComA) aneurysm on CT scans and CT angiography
of the brain, after complaints of a retroorbital headache (Fig. 1).
Her CT scans and lumbar puncture were negative for subarachnoid
hemorrhage (SAH), and she was found to be neurologically intact
without any evidence of cranial neuropathy. Given the size and
location of the aneurysm, as well as her history of smoking and
age, endovascular treatment with the PED was recommended.

She was started on 325 mg of aspirin and 75 mg of clopidogrel
daily for 5 days prior to surgery. With the woman under general
anesthesia, diagnostic cerebral arteriography (DCA) confirmed a
12 � 11 mm PComA aneurysm (Fig. 2A). She was then anticoagu-
lated with heparin for a goal activated clotting time of 250 seconds,
and a guide catheter was positioned within the petrous segment of
the ICA.

Secondary to an acute turn in the communicating segment of
the ICA and the large aneurysmal neck, tracking the Marksman

microcatheter (ev3 Endovascular) past the neck of the aneurysm
was quite challenging. After several failed attempts to pass the
aneurysm primarily, intraaneurysmal navigation of the micro-
catheter was performed, and a loop of the catheter was created
in the dome of the aneurysm. The microcatheter was successfully
placed in the proximal middle cerebral artery, however, she
acutely developed tachycardia accompanied by increased blood
pressure. The DCA confirmed contrast extravasation and the IOR
(Fig. 2B). The increased aneurysm wall stress from the catheter
caused the aneurysm to rupture.

The loop of catheter was subsequently reduced, her blood pres-
sure was controlled, and protamine was given to reverse the anti-
coagulation. With the microcatheter already positioned, a single
4.25 � 18 mm PED was delivered successfully across the neck of
the aneurysm. After placement of the PED, an immediate DCA
demonstrated continued but decreased contrast extravasation
(Fig. 2C). The repeated arteriography revealed layering of contrast
within the aneurysm, without evidence of contrast extravasation
(Fig. 2D–F).

Fig. 1. Posterior communicating artery aneurysm. (A) A non-contrast enhanced axial head CT scan demonstrated a calcified aneurysmal lesion adjacent to the right anterior
clinoid, without evidence of subarachnoid hemorrhage. (B) CT angiography with 3D reconstructions and (C) axial and (D) sagittal views confirmed the posterior
communicating artery aneurysm (arrow).
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