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ABSTRACT

BACKGROUND AND PURPOSE: The introduction of liquid embolic agents has revolutionized endovascular approach to cranial vascular
malformations. The aim of the study was to retrospectively assess the efficacy and safety of Precipitating Hydrophobic Injectable Liquid
(PHIL), a new nonadhesive liquid embolic agent, in the treatment of patients with cranial dural arteriovenous fistulas. The primary end point
was the rate of complete occlusion of dural arteriovenous fistulas. Secondary end points included the incidence of adverse events and
clinical status at 3-month follow-up.

MATERIALS AND METHODS: This was a retrospective multicenter study. Twenty-six consecutive patients with dural arteriovenous
fistulas (de novo or previously treated) treated by injection of PHIL only or with PHIL in combination with other embolization products
(such as Onyx or detachable coils) were included in the study. Recruitment started in August 2014 and ended in September 20715.

RESULTS: Twenty-two (85%) patients were treated with PHIL only, with 3 patients treated with both PHIL and Onyx, and 1, with both PHIL
and coils. Immediate complete angiographic occlusion was achieved in 20 (77%) patients. Of the 6 patients with residual fistulas, 3 were
retreated with PHIL and 1 achieved angiographic cure. An adverse event was seen in 1 patient who developed worsening of preexisting
ataxia due to acute thrombosis of the draining vein.

CONCLUSIONS: PHIL appears to be safe and effective for endovascular treatment of cranial dural arteriovenous fistulas. Short-term
angiographic and clinical results are comparable with those of Onyx, with the added advantage of easier preparation and improved
homogeneous cast visualization. The use of iodine as a radio-opacifier also produces considerably less artifacts on CT compared with

tantalum-based embolic materials.

ABBREVIATIONS: DAVF = dural arteriovenous fistula; DMSO = dimethyl-sulfoxide; PHIL = Precipitating Hydrophobic Injectable Liquid

Dural arteriovenous fistulas (DAVFs) are a rare type of ac-
quired intracranial vascular malformation consisting of a
pathologic shunt located within the dura mater of the brain.'~
These lesions have been categorized by Awad et al,” Borden et al,’
and Cognard et al® according to their locations and patterns of
venous drainage. Acute presentation with intracranial hemor-
rhage occurs in up to 65% of patients,® and patients with a previ-

Received April 25, 2016; accepted after revision July 24.

From the Department of Neuroradiology (S.L., H.S.C., S.C., AT.), University Hospi-
tals Birmingham National Health Service Foundation Trust, Queen Elizabeth Hospi-
tal Birmingham, UK; Neuroradiologia Department (M.P., LQ., G.P.), Ospedale
Niguarda Ca’ Granda, Milan, Italy; Department of Neuroradiology, Section 3023
(M.H., M.E.C.), University of Copenhagen, Rigshospitalet, Copenhagen, Denmark;
Instituto de Neurociencias Avanzadas de Madrid (A.C., L.G,, LP., A.G.G, A.A), Hos-
pital Nuestra Sefiora del Rosario, Madrid, Spain; and Klinik fur Radiologie und Neu-
roradiologie (R.C.), Alfried Krupp Krankenhaus, Essen, Germany.

Please address correspondence to Saleh Lamin, MD, Department of Neuroradiol-
ogy, Queen Elizabeth Hospital Birmingham, Mindelsohn Way, Edgbaston, B15 2GW
Birmingham, United Kingdom; e-mail: Saleh.Lamin@uhb.nhs.uk

http://dx.doi.org/10.3174/ajnr.A5037

ous intracranial hemorrhage may have up to a 35% risk of another
neurologic event within 2 weeks.”

Endovascular embolization has become the primary treatment
approach for DAVFs."®® The goal of endovascular therapy is to
achieve complete obliteration of the fistulous point between the feed-
ing arteries and the draining veins. This can be safely accomplished
by occluding the draining veins, which often results in complete clo-
sure of the lesion, unlike in cerebral arteriovenous malformations.

The introduction of liquid embolic agents has a significant
impact on the endovascular approach to DAVFs. Precipitating
Hydrophobic Injectable Liquid (PHIL; MicroVention, Tustin,
California) is a new nonadhesive liquid embolic agent comprising
a copolymer dissolved in dimethyl-sulfoxide (DMSO). It is deliv-
ered by slow and controlled injection through a DMSO-compat-
ible microcatheter under fluoroscopic control. An iodine compo-
nent is chemically bonded to the copolymer to provide
homogeneous radio-opacity during fluoroscopic visualization.
When it comes in contact with human blood, the DMSO solvent
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dissipates, causing the copolymer to precipitate in situ into a co-
herent embolus. The PHIL liquid embolic system is available in 3
formulations: 25%, 30%, and 35%. PHIL 25% will travel more
distally and penetrate deeper into the fistula due to its lower vis-
cosity compared with PHIL 30% or 35%. The latter 2 are more
appropriate for use in high-flow arteriovenous shunts with =1
direct fistula. Higher strength formulations are also preferred
when increased fluoroscopic visibility is desirable.

The aim of our study was to assess the efficacy and safety of
PHIL in the treatment of patients with cranial DAVFs.

MATERIALS AND METHODS

Study Design and Setting

This was a retrospective multicenter study. Five European insti-
tutions with experience with the PHIL embolic agent for DAVF
treatment participated in the study: Queen Elizabeth Hospital
Birmingham (United Kingdom), Copenhagen Righospitalet
(Denmark), Alfried Krupp Krankenhaus in Essen (Germany),
Hospital Rosario in Madrid (Spain), and Ospedale Niguarda Ca’
Granda in Milan (Italy).

Participants

Twenty-six consecutive patients with DAVFs (de novo or previ-
ously treated) treated by embolization with PHIL only or PHIL
used in combination with other embolization products such as
Onyx (Covidien, Irvine, California) or detachable coils were in-
cluded in the study. Recruitment started in August 2014 and
ended in September 2015.

Study End Points

The primary end point was the rate of complete angiographic
occlusion of the DAVF. Secondary end points included the inci-
dence of adverse events and clinical status at 3-month follow-up.

Data Collection

Patient information including sociodemographic data, medical
history, description of the DAVF, procedure details, procedure-
related adverse events, and follow-up angiographic and clinical
results were collected by the participating investigators, by using
an electronic case report form developed specifically for the eval-
uation. The principal investigator reviewed all reported data for
inconsistencies/missing information and sought clarification
with individual investigators when needed.

Data Analysis
Only descriptive analyses were performed.

RESULTS
Patient Details
From August 2014 to September 2015, 26 consecutive patients (13
men and 13 women) with cranial DAVFs were treated with the
PHIL embolic agent. Among the 26 patients, 30 total procedures
were performed, with an average of 1.15 procedures per patient.
The mean age of these patients was 60 = 13 years (median, 57
years; range, 43-90 years).

Seven patients presented acutely, with intracranial hemor-
rhage (2 patients), hydrocephalus, seizure, venous sinus throm-
bosis, lower limb monoparesis, and visual loss. The remaining 19
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Table 1: Baseline characteristics of patients

Patients (No.)
Clinical status
mRS
Scale 0 9 (34%)
Scale 1 14 (54%)
Scale 2 1(4%)
Scale 4 1(4%)
Unknown 1(4%)
DAVF type
Cognard classification
Type | 2(7%)
Type lla 3(12%)
Type lla + IIb 2(7%)
Type llb 3(12%)
Type lll 9(33%)
Type IV 5(19%)
Type V 1(4%)
Unknown 1(4%)

Table 2: Inmediate posttreatment angiographic results by DAVF
type

DAVF Type (No.)
<Type >Type Unknown All
lla lla Type Types
Complete occlusion  5(100%) 14(70%)  1(100%) 20 (77%)
Partial occlusion 0 6(30%) 0 6(23%)

patients (73%) were asymptomatic. Most (17/26, 65%) of the
DAVFs were de novo lesions; while 8/26 (30%) DAVFs had been
previously embolized with Onyx. Information regarding previous
treatment was not available for 1 patient.

The locations of DAVFs were the transverse sinus (8/26), vein
of Galen (7/26), superior sagittal sinus (4/26), and others (7/26).
Most patients (20/26, 77%) presented with aggressive DAVFs
(type IIb or higher), with >50% of cases being types III and IV.
Five of 26 (19%) patients had type I or IIa DAVFs. The DAVF
grade was not reported in 1 patient (Tables 1 and 2).

Procedure Description

Twenty-two (85%) patients were treated with PHIL only, 3 pa-
tients were treated with PHIL and Onyx, and 1, with PHIL and
detachable coils. Commonly used microcatheters for injection
were Headway Duo (10/26; MicroVention), Apollo (7/26; Covi-
dien), and Marathon (4/26; Covidien). Treatment was performed
through the injection of the middle meningeal (19/26), occipital
(1/26), and vertebral (1/26) arteries and others (5/26). Remodel-
ing balloon catheters were used for venous sinus protection in 7
patients. PHIL 25% was used in most patients (29/30, 90%). The
mean duration of the injection was 32 minutes, and the mean
volume injected was 1.25 mL. The extent of reflux along the cath-
eter tip was <1 cm in 10/30 procedures, between 1 and 2 cm in
7130 procedures, and >2 c¢m in 11/30 procedures. In 2 proce-
dures, the severity of reflux was not reported.

Postprocedure Results
Posttreatment control runs demonstrated complete occlusion of

the DAVF in 20/26 patients (77%), including all 5 patients with
DAVF types =Ila and 14/20 (70%) patients with DAVF types
>Ila (Table 2). The results by location showed a higher rate of



complete occlusion in those with vein of Galen (86%) and supe-
rior sagittal sinus (100%) lesions (Table 3). Three of 6 patients
with partial occlusion underwent additional embolization with
PHIL: One of them achieved an angiographic cure, but the other 2
still have a residual shunt.

We had 1 adverse event in our series. This involved a patient
with a complex type III vein of Galen DAVF who developed wors-
ening of ataxia after initial embolization due to acute thrombosis
of the draining vein.

Follow-Up Results

A follow-up assessment of angiographic occlusion and clinical
outcome (mRS) was conducted for 11/26 (42%) patients at 3
months. The mean duration between the final embolization pro-
cedure and the follow-up visit was 89 days. The mRS score was
evaluated in 10 patients, and angiographic assessment was per-
formed in all 11 patients (9 DSAs and 2 MRAs). Seven of 10 pa-
tients had not experienced a change in the mRS score since the
postprocedure visit, while 3/10 patients reported an improvement
in the mRS score from grade 1 to 0.

Angiographic controls showed 9/11 patients with complete
DAVF occlusion at 3 months. Two patients with residual
shunts received additional treatment with the PHIL, and 1 of
them was successfully occluded. Of the 9 patients with com-
plete angiographic occlusion at 3 months, 2 underwent fol-
low-up angiography at 1 year, which confirmed persistent
DAVF occlusion.

DISCUSSION

The objective of endovascular treatment of DAVFs is to com-
pletely obliterate the fistulous point between the feeding arteries
and draining veins. In our study of 26 consecutive patients treated
with PHIL, 20/26 (77%) achieved complete angiographic oc-

Table 3: Inmediate posttreatment angiographic results by
location of the DAVF

DAVF Location (No.)

Transverse Veinof  Superior
Sinus Galen Sagittal Sinus Others
Complete occlusion  5(63%) 6(86%)  4(100%) 5(71%)
Partial occlusion 3(37%)  1(14%) 0 2(29%)

clusion at the end of the initial embolization. We identified 1
procedure-related adverse event in a patient who developed
worsening of preexisting ataxia due to acute thrombosis of the
draining vein.

Our study is, however, limited by the relatively low number of
short-term angiographic and clinical follow-ups. Persistent oc-
clusion was observed in 9/11 (82%) patients who had a 3-month
follow-up visit, 3 patients showed improved clinical status, and
the remaining patients reported stable neurologic functions at
3-month follow-up.

Similar results in terms of complete occlusion and the rate of
adverse events were observed in studies conducted in patients
treated with Onyx. The largest retrospective study reviewed 53
DAVFs embolized with #-BCA or Onyx from November 2003 to
November 2008 in the Massachusetts General Hospital (Bos-
ton).'? In this study, 83% (29/35) of DAVFs treated with Onyx
showed complete occlusion at the 3-month postprocedure visit,
while only 33% (7/21) of patients treated with #n-BCA had com-
plete occlusion. Three patients treated with Onyx experienced
major neurologic adverse events, including 2 facial nerve palsies
and an asymptomatic clot formation in the external carotid
artery.

Cognard et al'' included 30 patients with cranial DAVFs
treated with Onyx in a prospective study between July 2003 and
November 2006. Twenty-four of 30 (80%) patients who under-
went treatment were found to have complete closure of the fistula
on the immediate posttreatment angiographic control. They re-
ported 2 adverse events: One patient woke up with third and
fourth cranial nerve palsies as well as fifth cranial nerve territory
pain; the other patient developed acute cerebellar syndrome.

Nogueira et al'” performed a retrospective analysis of 12 con-
secutive patients with intracranial DAVFs who were treated with
Onyx as the only embolic agent between March 2006 and Febru-
ary 2007. Seventeen procedures were performed in 12 patients.
Complete angiographic cure on immediate posttreatment an-
giography was achieved in 10 patients (80%). There was 1 techni-
cal complication that resulted in asymptomatic extracranial ver-
tebral artery dissection.

Lv et al'’ reported 31 cases of patients with DAVFs treated by
embolization with Onyx between February 2005 and February

SINGLE SHOT

FIG1. A, Rightsigmoid sinus DAVF receives arterial supply from branches of the right occipital, posterior auricular, and middle meningeal arteries
as demonstrated on the pre-embolization DSA. B, Posttreatment unsubtracted single-shot image demonstrates the PHIL cast. C, Control run
confirms complete angiographic occlusion of the DAVF.
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over n-BCA. These agents are cohesive
and less thrombogenic, allowing deeper
and more controlled penetration of the
fistulas.

The use of PHIL requires no prior
preparation. PHIL 25%, used in most of
the cases, is less radiopaque compared
with Onyx 18, allowing better visual-
ization through the copolymer cast
(Figs 1 and 2) but has the drawback of
reduced visibility in case of small-ves-
sel penetration. Operators with expe-
rience in both liquid embolic agents
often notice the difference in fluoro-
scopic visibility. In our experience, the
risk of inadvertent embolization of po-
tentially dangerous collaterals is not
increased compared with other liquid
embolic agents.

Due to its iodine-based composition,
which is chemically bonded to the copo-
lymer, PHIL is also believed to produce a
more homogeneous fluoroscopic ap-
pearance, eliminating the risk of tanta-
lum precipitation seen during pro-
longed Onyx injections. In addition, the
use of iodine as a radio-opacifier pro-
duces significantly less beam-hardening

FIG 2. A and B, Initial DSA showing a high-grade right parietal DAVF supplied by a markedly
tortuous petrosquamal branch of the right middle meningeal artery. C, PHIL injection through the
Scepter XC balloon (MicroVention) in the proximal middle meningeal artery demonstrates good
penetration of the DAVF. D, Unsubtracted image showing the PHIL cast in the draining vein,

artifacts on CT compared with tanta-
lum-based embolic agents. As a conse-
quence, more information can be ob-

middle meningeal artery, and other arterial feeders filled in a retrograde manner.

FIG 3. Plain CT images comparing CT artifacts associated with a tantalum-based embolic agent

(A) and PHIL (B) casts.

2007 at Beijing Tiantan Hospital. There was angiographic evi-
dence of complete shunt elimination and symptomatic resolution
in 19 patients (61.3%). Adverse events occurred in 5/31 patients
(16%), including hemifacial palsy, jaw pain, and posterior fossa
infarction.

The new-generation nonadhesive liquid embolic agents such
as Onyx and PHIL have been described as having advantages
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tained from the postoperative CT scan
(Fig 3).

There is no significant technical
difference between PHIL and Onyx in
terms of reflux control and prevention
of catheter retention. In our experi-
ence, PHIL appears less adhesive and
therefore offers slightly better forward
penetration, which probably explains
the shorter mean injection time in our
study compared with other published
results conducted with Onyx injections.""

In high-flow fistulas, PHIL casts
have the tendency to fragment and
move to the venous side, as opposed to
streaming as one would expect with
Onyx. Both embolic agents otherwise
behave similarly in the treatment of all
DAVF types.

CONCLUSIONS

PHIL appears to be a safe and effective option for endovascular
treatment of cranial DAVFs. Postembolization short-term an-
giographic and clinical results are comparable with those of
Onyx, with the added advantage of easier preparation and im-
proved homogeneous cast visualization. In our experience, the
use of iodine as a radio-opacifier also produces significantly



less artifacts on CT compared with tantalum-based embolic
materials.
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