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Precipitating hydrophobic injecting liquid (PHIL) is a novel embolic agent used in the 
endovascular treatment of arteriovenous malformations (AVM) and arteriovenous 
fistulas. Complications can occur during embolization with migration of the liquid 
embolic material to normal vasculature. In these cases, use of a stent retriever is an 
option for removal of the plug. Herein, we present the case of a patient who presented 
with a right occipital hemorrhage due to a ruptured occipital AVM fed by the calcarine 
and parieto-occipital arteries with venous drainage to the straight sinus. Embolization 
via the anterior circulation through the right posterior communicating artery was 
attempted but PHIL migrated to right internal carotid artery and middle cerebral 
artery due to kinking and rupture of the microcatheter. The patient developed mild 
left hemiparesis. When this complication occurred, no stent retriever was available at 
our institution and 1 day later, the Solitaire AB stent was used to remove the plug of 
PHIL successfully, with good reperfusion of the proximal and distal vessels. The patient 
improved after the procedure and was discharged home without deficit. Mechanical 
stent retrievers can be used in cases of migration of liquid embolic agents to normal 
vasculature with good clinical and radiological results.
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Introduction
Precipitating hydrophobic injecting liquid (PHIL; 
Microvention) is a nonadhesive dimethyl sulfoxide-based 
liquid embolic agent with iodine for radiopacity, unlike 
Onyx (Medtronic Neurovascular), which is a compound of 
tantalum for radiopacity.1 It is widely used for the treat-
ment of arteriovenous malformations (AVM) and arteriove-
nous fistulas (AVF). PHIL advantages are: less angionecrosis, 
less computed tomography (CT) and magnetic resonance 
imaging artifacts, faster plug formation, does not require 
shaking prior to injection, and is easier to use.2,3 In our 

experience, we also noted that PHIL tends less to reflux to parent  
artery.

We present the case of a successful retraction of the liq-
uid embolic agent PHIL from the anterior circulation using 
the Solitaire AB stent (eV3) 1 day after this complication 
took place. There are few cases reports in the literature that 
describe the off-label use of stent retrievers for the removal of 
liquid embolic agents. To our knowledge, this is the first case 
where a Solitaire AB stent is used for retrieving a migrated 
plug of PHIL from the internal carotid artery (ICA) and middle 
carotid artery (MCA).
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Case Description
A 38-year-old man, previously healthy, presented to the emer-
gency with headache and nausea associated with vomiting. 
Brain CT scan revealed a right occipital hemorrhage and was 
referred to our institution for complementary studies. Digital 
subtraction angiography (DSA) revealed a right ruptured 
occipital AVM with feeding vessels from the right calcarine and 
parieto-occipital arteries and venous drainage to the straight 
sinus, being catalogued as grade III and II according to Spetzler-
Martin and Buffalo classification, respectively (►Fig.  1). The 
ipsilateral posterior communicating artery (PComA) was dom-
inant. We decided to perform the embolization of the AVM 
with PHIL via the anterior circulation through the right PComA 
because the trajectory to the AVM nidus would be safer com-
pared with the posterior circulation approach.

The procedure was held in the angio-suite using the 
biplane flat panel digital subtraction unit (Allura Xper 
FD20/10, Phillips Healthcare). Under general anesthesia, a 
6-French Envoy guiding catheter (Cordis Neurovascular) was 
placed in the C1 segment of the right ICA. The Sonic (Balt 
Extrusion) detachable tip microcatheter over n Hybrid 007D 
micro guidewire (Balt Extrusion) was navigated through 
the right PComA and located proximal to the AVM nidus. A 
super-selective injection confirmed the adequate position of 
the microcatheter, but it was kinked with a loop originating 
at the tip of the guide catheter and proximally to the AVM 
nidus (►Fig.  2A, B). PHIL injection started but penetration 
to the nidus was not observed. A control angiogram showed 
that PHIL migrated to the ICA bifurcation and M1 segment of 
the MCA with partial occlusion of these vessels (►Fig. 2C–F).

At the time this complication occurred, no stent was avail-
able at our institution. Heparin with dual antiplatelet therapy 
was initiated and the procedure was suspended. A CT scan 

revealed the migration of PHIL to the MCA territory, but no 
signs of ischemia or infarct were found (►Fig.  2G, H). The 
patient had a National Institutes of Health Stroke Scale score 
of three points, with mild hemiparesis.

The angiogram performed the day after the initial pro-
cedure showed persistent plug of PHIL in the vessels. We 
attempted removal of the plug with a stent retriever. A 6F 
Envoy guide catheter was placed in the right ICA and the 
Headway 27 microcatheter (Microvention) over a Transend 
14 microwire (Stryker) was navigated across the occluded 
arteries. Once in the correct position, the 6 × 20 mm Solitaire 
AB stent was deployed. The plug could be removed com-
pletely from the ICA and partially from M1 (►Fig. 3A, B).

Fig. 1  Pre-embolization arteriovenous malformation (AVM) charac-
teristics. (A) Brain computed tomography (CT) shows right occipital 
hemorrhage. (B) CTA shows the AVM nidus. (C, D) Digital subtraction 
angiography (DSA) of the left vertebral artery in anterior–posterior and 
lateral views showing a right occipital AVM with feeding arteries from 
the calcarine and parieto-occipital arteries with venous drainage to the 
straight sinus. (E, F) DSA of the right internal carotid artery showing 
the AVM filling from the ipsilateral posterior communicating artery; the 
arrow shows the AVM nidus in the lateral view.

Fig. 2  (A, B) Super-selective angiogram of the arteriovenous malfor-
mation nidus via the anterior circulation through the right posterior 
communicating artery; the arrows show the kinking of the microca-
theter. (C) Precipitating hydrophobic injecting liquid (PHIL) migration 
to the internal carotid artery (ICA) while injecting. (D) Road mapping 
shows the presence of the plug (arrow) in the middle cerebral artery 
(MCA). (E, F) Digital subtraction angiography (DSA) showing PHIL 
migration to ICA and MCA (arrows). (G, H) Brain computed tomogra-
phy scan shows the presence of PHIL in the ICA and migration to the 
MCA territory (multiple arrows).

Fig. 3  (A) Road mapping showing removal of precipitating hydro-
phobic injecting liquid (PHIL) plug with Solitaire AB stent (thin 
arrow = stent deployed, big arrow = PHIL been removed). (B) Solitaire 
AB stent containing PHIL residues. (C, D) Digital subtraction angiogra-
phy after PHIL plug retrieval with complete reperfusion of the middle 
cerebral artery (big arrow, C) and absence of posterior communicat-
ing artery (thin arrow, D) due to PHIL migration. (E, F) Magnetic res-
onance imaging after PHIL retrieval shows signs of infarct.
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The second pass removed the plug from the M1 and the 
control angiogram showed total reperfusion of the MCA 
(►Fig. 3C), but migration of fragments occluded the ipsilateral 
PComA (►Fig. 3D). Aspiration was not attempted to remove 
the plug within the PComA. A postoperative magnetic reso-
nance showed an infarct in the MCA territory (►Fig. 3E, F).  
The patient improved clinically with a post-procedure  
modified Rankin Scale score of 0. He was discharged home 
without any neurological deficits. The patient later under-
went total embolization of the AVM through the left vertebral 
artery without complications (►Fig. 4).

Discussion
Liquid embolic agents such as N-butyl-2 cyanoacrylate, Onyx, 
and PHIL are widely used for the endovascular treatment of 
AVMs and AVFs.

Vessel perforation, migration of embolic materials, and 
reflux to parent artery are possible complications while 
treating these vascular entities.4

Many studies report good clinical and radiological results 
with the use of stent retrievers,5 especially with the Solitaire 
stent. Removal of embolic plugs from the normal vasculature 
due to technical complications is not the main indication and 
should be used in selected cases.

In developing countries, the availability of endovascu-
lar devices is sometimes limited because of their high cost. 
Therefore, endovascular treatments are not performed fre-
quently in most of the hospitals. In Peru, fortunately we have 
EsSalud (Peruvian Social Security System) that encompasses 
highly specialized centers for the treatment of vascular 
pathology, providing endovascular materials for the treat-
ment of complex cases.

We searched in PubMed for similar cases in which a 
mechanical thrombectomy device was used to retrieve liq-
uid embolic agents from the arteries or veins and found few 

cases. Merci (Concentric Medical) has been used for retriev-
ing Onyx from the vertebrobasilar system.6,7

Michael et al in 2009 reported the first case of Onyx 
withdrawal using the Merci L6 retriever device in a patient 
in whom Onyx refluxed to the vertebrobasilar junction while 
performing the embolization of a posterior fossa AVM.7 The 
complete removal of the substance was achieved and the 
patient improved clinically.

In 2015, Senturk6 reported another case of Onyx retrieval 
from the vertebrobasilar junction due to microcatheter rup-
ture. In this case, the Merci retriever device was used with 
partial removal of the plug. In the same year, Fahed et al8 
reported the use of Solitaire FR for retrieving N-butyl-2 
cyanoacrylate from the venous system. Moreover, Li et 
al reported the use of Solitaire AB to retrieve Onyx from 
the basilar artery.9 Thus, stent retrievers have been 
used to remove liquid embolic agents from the normal 
vasculature.9,10

In this case, the AVM was catheterized via the anterior 
circulation; the guide catheter was placed in an adequate 
position, but the microcatheter kinked and formed two 
loops in its trajectory. PHIL administration did not reach 
the AVM nidus and escaped through the kink at the tip of 
the guide catheter. We hypothesized that the kinking of the 
microcatheter leads to its rupture in the proximal loop with 
migration of PHIL. Technically, a previous super-selective 
angiogram was performed without forcing the injection. The 
microcatheter was found broken after it was removed.

After analyzing the case, we decided to use a stent 
retriever. We have to consider that the removal of the plug 
was performed many hours after this complication took 
place. This occurred because of a lack of the stent at that 
moment; moreover, the vessel filling was adequate and let us 
plan the solution for this complication. This is an important 
issue to consider as in all the previous reported cases removal 
of the plug was performed immediately.

This is the first case reporting the retrieval of PHIL in a 
delayed fashion from the ICA and MCA in the same procedure, 
using a stent retriever.

The key message of this case is that: the use of stent 
retrievers for large vessel occlusion due to liquid embolic 
agent migration in a delayed fashion is a feasible technique; 
however, it should be performed in selected cases.

Conclusion
The use of the Solitaire stent retriever is a safe and feasible 
option for the retraction of migrated liquid embolic materials.
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