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Precipitating hydrophobic injectable liquid (PHIL; MicroVention, Aliso Viejo, CA, USA) and Squid 
(Balt, Irvine, CA, USA) are 2 newer liquid embolic agents used in endovascular embolization of 
cerebral arteriovenous malformation (AVM). This study aims to investigate and compare the ef-
fectiveness and safety profile of the 2 newer liquid embolic agents in the embolization of cere-
bral AVM. This is a retrospective study on all patients diagnosed with cerebral AVM undergoing 
endovascular embolization with liquid embolic agents PHIL and Squid admitted to the Division 
of Neurosurgery, Department of Surgery in Prince of Wales Hospital from January 2014 to June 
2021. Twenty-three patients with cerebral AVM were treated with 34 sessions of endovascular 
embolization with either PHIL or Squid (17 sessions each) liquid embolic agents with a male 
to female ratio of 2.3:1 (male 16; female 7) and mean age of 44.6 (range, 12 to 67). The mean 
total nidus obliteration rate per session was 57% (range, 5% to 100%). Twenty-one patients 
(91.3%) received further embolization, stereotactic radiosurgery, or surgical excision after initial 
endovascular embolization. There were 2 morbidities (1 neurological and 1 non-neurological, 
6%) and no mortalities (0%). All patients had static or improvement in modified Rankin Scale 
at 3 to 6 months at discharge. PHIL and Squid are effective and safe liquid embolic agents for 
endovascular embolization of cerebral AVM, achieving satisfactory nidal obliteration rates and 
patient functional outcomes.
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INTRODUCTION 

Endovascular embolization is one of the 
treatment modalities for managing cere-
bral arteriovenous malformation (AVM).1 
It is indicated for reducing nidal size be-
fore surgical resection or radiosurgery, 
reducing hemorrhagic risk by eliminat-
ing high-risk areas such as intranidal an-

eurysm, or completely obliterating the 
nidus of AVM. Therefore, embolization 
can be curative with a single session or 
staged embolization, or as an adjunctive 
procedure followed by radiosurgery or 
surgical excision.2,3 

Precipitating hydrophobic inject-
able liquid (PHIL; MicroVention, Aliso 
Viejo, CA, USA), a dimethyl sulfoxide 
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(DMSO)-based agent, consists of 2 copolymers (polylac-
tide-co-glycolide and polyhydroxyethylmethacrylate) and 
covalently-bonded iodine.4-6 Squid (Balt, Irvine, CA, USA) is 
an ethylene vinyl alcohol copolymer (EVOH)-based agent like 
Onyx (Medtronic, Irvine, CA, USA), but with smaller grains of 
tantalum powder.7 With promising results in several prelim-
inary cohorts that used PHIL and Squid in cerebral AVM, we 
incorporated them for the embolization stream in our AVM 
treatment protocol since 2014. 

This study is the report on the effectiveness and safety pro-
file of the 2 newer liquid embolic agents in the embolization 
of cerebral AVM.

Materials and Methods  
This was a retrospective cohort study on patients who un-
derwent embolization of cerebral AVM in the Prince of Wales 
Hospital, Chinese University of Hong Kong, Hong Kong, from 
January 2014 to June 2021. Endovascular embolization with 
liquid embolic agents of either PHIL or Squid was included. 
Patient demographics including age, sex, presenting symp-
toms, and past medical history were reviewed. Angiographic 
features of cerebral AVM including Spetzler-Martin (SM) 
grading, nidal size, presence of deep venous drainage, lo-
cation, side, and eloquence of cerebral AVM were retrieved. 
Operation details of each endovascular embolization session 
including type and amount of liquid embolic agents, type of 
microcatheters used, complications, morbidity, and mortality 
were reviewed. The study was conducted in accordance 
with the declaration of Helsinki and was approved by the 
local ethics committee (Joint Chinese University of Hong 
Kong-New Territories East Cluster Clinical Research Ethics 
Committee CREC Ref. No. 2022.191).

Embolization Techniques
Embolization sessions were performed under general anes-
thesia with a biplanar angiographic unit. A 6-French (6F) or 
8-French (8F) arterial sheath was placed in the right femoral 
artery. Diagnostic cerebral angiography was performed, and 
a guiding catheter and/or intermediate catheter was then 
inserted in either an internal carotid artery or a dominant 
vertebral artery using a standard coaxial or triaxial technique. 
Two different types of microcatheters were used in different 
sessions, including conventional microcatheters (Headway 
Duo, MicroVention; Marathon, Medtronic) and microcath-
eters with detachable tips (Apollo, Medtronic; Sonic, Balt). 
The DMSO-compatible flow-directed microcatheter (either 

conventional or with detachable tip) was navigated to the 
nidus of AVM with an aid of a 0.008-inch or 0.007-inch guide-
wire. Angiography was reviewed to ensure that the feeding 
pedicle could be occluded retrogradely by the reflux of PHIL 
or Squid along the microcatheter of at least 2 cm. The micro-
catheter was flushed with DMSO, and the dead space of the 
microcatheter was slowly filled with PHIL or Squid for no less 
than 2 minutes (2 minutes was chosen to avoid the DMSO 
bolus reaching the cerebral circulation). PHIL or Squid was 
slowly and progressively injected into the nidus under con-
tinuous visual control using biplane subtracted fluoroscopy. 
As soon as reflux was noted along the microcatheter or early 
embolization of the draining vein was evident, the injection 
was stopped for 30 seconds to 2 minutes and then resumed. 
The maximum reflux tolerated was 2 cm for non-detachable 
catheters and 1.5 to 5 cm for detachable catheters. After 
embolization of AVM, the microcatheter was retrieved and 
the puncture site at the femoral artery was controlled with a 
percutaneous vascular closure device and/or manual com-
pression. Xper-CT (Philips Healthcare, Andover, MA, USA) was 
performed to ensure no intracranial hemorrhage before ter-
mination of the procedure. 

Intent of Embolization
Embolization procedures were either in a single session or 
staged, subsequently followed by radiosurgery with an in-
terval of around 3 months, or followed by surgery during the 
same session or in stages with an interval of 2 to 6 weeks. 
Intent of embolization and subsequent treatments, either 
surgical resection or radiosurgery, were decided by the at-
tending neurosurgeons, neurointerventionists, and radiation 
oncologists with the patient and family.

Primary Outcomes
The nidal obliteration rate was calculated by comparing the 
nidal size (A×B×C/2) from images of the pre- and post-em-
bolization biplanar digital subtraction angiogram for each 
embolization session by an independent assessor. The num-
ber and intent of embolization sessions were recorded. The 
modified Rankin Scale (mRS) was recorded at baseline, at 
discharge, and after 3 to 6 months from discharge. 

Statistical Analysis
Patient, angiographic, and operational factors associated 
with good functional outcome and morbidity were analyzed 
with an unpaired-t-test and χ2 test with a P-value <0.05 and 
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95% confidence interval (95% CI) as appropriate. Logistic re-
gression was not performed because of the limited sample 
size. Statistical analysis was performed with SPSS version 28.0 
(IBM Corp., Armonk, NY, USA). 

Case Series

Basic Demographics
Twenty-three patients with cerebral AVM were treated with 
34 sessions of endovascular embolization with liquid em-
bolic agents of either PHIL or Squid (17 sessions each) with a 
male to female ratio of 2.3:1 (male 16; female 7) and a mean 
age of 44.6 (range, 12 to 67). Most patients presented with 
headache (34.8%) and seizure (21.7%), while the remaining 
presented with focal deficits or were asymptomatic. Twelve 
patients (52.2%) had ruptured cerebral AVM at admission. 
Over half of the patients had AVM on the right side (69.6%) 
and a SM grade 3 or above (56.5%). Basic demographic de-
tails were summarized in Table 1.

Intent of Embolization
The mean number of embolization sessions per patient was 
1.5, ranging from 1 to 4 sessions per patient. Each emboliza-
tion session lasted for an average of 167 minutes (range, 12 
to 690 minutes±133 minutes). Twenty embolization sessions 
(59%) were intended for single or staged embolization. 
Among the 7 patients receiving staged embolization ses-
sions (range, 2 to 4 sessions), 3 patients (42.9%) had another 
liquid embolic agent applied at the next stage. In these 
patients, Squid was initially used, followed by PHIL in the 
subsequent embolization sessions. Nine embolization ses-
sions (26%) were followed by surgical excision, and 7 patients 
(78%) had embolization followed by surgical excision on the 
same day. Five patients (15%) had stereotactic radiosurgery 
or radiotherapy after embolization, of which 3 patients had 
hypofractionated stereotactic radiosurgery 7 Gy per session 
for 4 sessions, and 2 patients had single dose stereotactic 
radiosurgery (Table 2). 

Nidal Obliteration Rate 
The mean total nidus obliteration rate per session was 57% 
(range, 5% to 100%). Complete obliteration of cerebral AVM 
was achieved in 4 patients (17%). One patient achieved an 
angiographic cure using PHIL without subsequent treatment. 
The remaining 3 patients underwent surgical excision after 

embolization (2 patients underwent embolization with PHIL; 
1 underwent embolization with Squid). The nidal obliteration 
rate varied with different intent of embolization. The over-
all mean obliteration rate was 57% in both Squid and PHIL 
groups. Around 40–50% of nidal obliteration was achieved 
for staged embolization. As for other intents of embolization, a 
greater than 50% nidal obliteration rate was achieved (Table 2). 

Functional Outcome 
The functional outcome was assessed by mRS. More than 
80% of patients had an mRS less than or equal to 3 at 3 to 6 
months after intervention. Among patients with unruptured 

Table 1. Basic demographics 

Variable
PHIL group 

(n=9)
Squid group 

(n=14)

Sex, male 7 (77.8) 9 (64.3)

Age 46±11.5 (27–62) 43.6±20.1 (12–67)

Presenting symptoms

Headache 5 (56) 3 (21)

Seizure 1 (11) 4 (29)

Focal deficits 1 (11) 2 (14)

Asymptomatic 0 (0) 2 (14)

Others 2 (22) 3 (21)

Ruptured, yes 6 (66.7) 6 (42.9)

Side of AVM, right 5 (55.6) 11 (78.6)

Spetzler-Martin grade 

1 2 (22) 3 (21)

2 1 (11) 4 (29)

3 5 (56) 7 (50)

4 1 (11) 0 (0)

5 0 (0) 0 (0)

Nidal size

<3 cm 4 (44) 6 (43)

3–6 cm 5 (56) 8 (57)

>6 cm 0 (0) 0 (0)

Deep venous drainage 4 (44) 3 (21)

Eloquent area 5 (56) 6 (43)

Microcatheters

Detachable tip 13 (46) 15 (54)

Conventional 4 (67) 2 (33)

Values are presented as number (%) or mean±standard deviation 
(range).
PHIL, precipitating hydrophobic injectable liquid; AVM, arteriovenous 
malformation.
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cerebral AVM, no differences were shown in mRS before, at 
discharge, and at 3 to 6 months after intervention. Factors 
associated with good functional outcome (i.e., an mRS less 
than or equal to 2 at 3 to 6 months after intervention) includ-
ed male sex (odds ratio, 5.778; P=0.078; 95% CI, 0.025–1.221), 
unruptured cerebral AVM (odds ratio, 10; P=0.054; 95% CI, 

0.957–104.490), and right-sided cerebral AVM (odds ratio, 
5.778; P=0.078; 95% CI, 0.819–40.760).

Morbidity and Mortality 
There were no mortalities. There were 2 morbidities (6%), 
1 neurological and 1 non-neurological. A 26-year-old male 

Table 2. Nidal obliteration rates according to different intents of embolization 

Intent of embolization Number of sessions 
Nidal obliteration rate (%) 

Squid PHIL

Overall 34 (100) 57±26     57±32

Embolization only 4 (12) 75±13 100±0

Staged embolization 16 (47) 42±24     49±29

Embolization before excision 9 (26) 90±14     60±34

Embolization before SRS/SRT 5 (15) 56±23 N/A

Values are presented as number (%) or mean±standard deviation.
SRS, stereotactic radiosurgery; SRT, stereotactic radiotherapy; N/A, not applicable. 

Fig. 1. (A) Digital subtraction angiogram (DSA) before embolization, anterioposterior (AP) and lateral views. (B) DSA after embolizations and surgical 
excision, AP and lateral views. (C) Embolized vessels by Squid appeared black due to the admixed tantalum powders. (D) Circumferential dissection 
during surgical excision. 

A

C

B

D
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underwent partial embolization for an unruptured right oc-
cipital SM grade 2 cerebral AVM with Squid 18, complicated 
with a right occipital infarct resulting in visual field defect. A 
67-year-old female underwent embolization for ruptured left 
temporal SM grade 2 cerebral AVM with Squid 18, compli-
cated with acute dissection of right common femoral artery 
with an emergency operation for suturing of artery per-
formed on the next day after embolization. Factors associat-
ed with morbidity including Squid liquid embolic agent (odds 
ratio, 3.664; P=0.320; 95% CI, 0.284–47.253) and embolization 
followed by surgical excision or stereotactic radiosurgery/
radiotherapy (odds ratio, 5.088; P=0.204; 95% CI, 0.413–62.733) 
were not statistically significant.

Case Illustration 

Case 1
An early elderly patient presented with headache and 
left-sided weakness. Brain computed tomography (CT) 
showed an intracranial hemorrhage over the right frontal re-
gion. He was found to have a ruptured SM grade 1 AVM with 
a nidal size of 2 cm, arterial supply from cortical branches of 
the right anterior cerebral artery and right middle cerebral 
artery, and venous drainage to the superior sagittal sinus. 
Subsequently, a 64% nidal obliteration rate was achieved 
with 3 mL Squid 18 low density (LD) and 0.4 mL Squid 12 LD 
in the first session of embolization in March 2014. An 80% ni-
dal obliteration was achieved with 3 mL Squid 18 and 4.5 mL 
Squid 18 LD in the second session of embolization in May 
2014. A total of 92.8% nidal obliteration was achieved. Crani-
otomy for total excision of right frontal AVM was performed 
in the same session after the second embolization (Fig. 1). 

Case 2
A middle-aged patient presented with sudden onset of se-
vere headache, diplopia, and vomiting. Brain CT showed an 
intracranial hemorrhage and a subarachnoid hemorrhage 
over the medial left occipital region. He was found to have 
a ruptured SM grade 3 left occipital AVM with a nidal size of 
1.6 cm×1.6 cm×2.5 cm, arterial drainage from left posterior 
cerebral artery, and venous drainage to straight sinus, left 
transverse sinus, and superior sagittal sinus. Embolization 
with 1 mL PHIL via left posterior cerebral artery feeder was 
performed in November 2019. A complete angiographic 
cure was achieved and his mRS improved from 2 (before the 
procedure) to 0 (3 to 6 months after the procedure). Progress 
magnetic resonance arteriography at 1 year after emboliza-
tion showed no residual AVM (Fig. 2).

DISCUSSION 

Embolization of cerebral AVM with liquid embolic agent PHIL 
and Squid is effective in achieving a satisfactory nidal oblit-
eration rate with a complete obliteration rate of 17% and a 
mean nidal obliteration rate per session of 57%. Embolization 
can be used in selected cases for embolization cure or as an 
adjunct to surgery or radiosurgery, as shown in around 40% 
of all the embolization sessions in this study.8,9  

Characteristics of PHIL and Squid
PHIL and Squid are newer non-adhesive liquid embolic 
agents for embolization of cerebral AVM. Squid has small-
er-sized grains of tantalum powder that enhance the ho-
mogeneity in radiopacity, allow slower precipitation, and 
improve visibility during a longer injection time.10 PHIL has a 
constant radiopacity over time due to the covalently-bond-

Fig. 2. (A, B) Pre-embolization digital subtraction angiogram (DSA), anterioposterior (AP) and lateral views respectively. (C, D) Post-embolization 
DSA, AP/lateral views respectively.

A B C D
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ed iodine copolymer when compared with Squid or Onyx, 
in which their sedimentation can disturb the visibility during 
a longer injection time. Squid will have a lava-like filling of 
vessels in which the opacified blood vessels may still be cen-
trally perfused, while PHIL completely occluded the vessels 
in the column.4

Imaging Artifacts, Visibility, and Viscosity of PHIL 
and Squid
Imaging artifacts are one of the obstacles for liquid embolic 
agents in embolization of cerebral AVM, which may hinder 
the detection of periprocedural hemorrhage and subse-
quent planning of radiosurgery. Both Onyx and Squid are 
EVOH-based copolymers using tantalum powder as a source 
of radiopacity on imaging. The higher atomic number of 
tantalum (atomic number 73) in Onyx and Squid compared 
to iodine (atomic number 53) in PHIL leads to the generation 
of more imaging artifacts. However, Squid has a smaller grain 
size of micronized tantalum powder compared with Onyx 
which improves the distribution of tantalum particles within 
a defined volume, thus enhancing homogeneity in radi-
opacity and reducing X-ray diffraction and imaging artifacts. 
Also, Squid has a prolonged suspension time due to smaller 
tantalum particles, which may improve visibility during a lon-
ger injection time. According to a 3-dimensional in vitro AVM 
model resembling partially embolized AVM, iodine-based 
liquid embolic agent PHIL 25% produces fewer imaging 
artifacts compared to tantalum-based Onyx 18 and Squid 
18 in CT and cone-beam CT.11 Apart from the use of PHIL 
and Squid, metal artifact reduction (MAR) software has also 
shown a significant reduction in imaging artifacts by more 
than half of the density unit (DU) (38 DU without MAR vs. 
18 DU with MAR) in both in vitro and in vivo analysis for em-
bolization with Onyx 18.12 Viscosity is another determining 
factor in embolization performance. Optimal fluoroscopic vi-

sualization, less volume, and shorter embolization time were 
demonstrated with PHIL low viscosity compared with Squid 
12 in the in vivo swine rete model.13 

Neurological Complications Associated with PHIL 
and Squid Embolization
The multicenter randomized controlled trial a randomized tri-
al of unruptured brain arteriovenous malformations (ARUBA) 
comparing medical treatment and interventional treatment 
on unruptured cerebral AVM demonstrated that the primary 
outcome of composite death of all causes or symptomatic 
stroke was as high as 30.7% in the interventional group when 
compared with the medical management group (10.1%).14 
Half of the patients in the interventional group received 
embolization alone or multimodality treatment including 
embolization. However, it was not certain how much of 
the poor outcome was due to embolization alone or other 
treatment modalities or was due to delayed hemorrhage of 
cerebral AVM. A recent meta-analysis on embolization for 
cerebral AVM showed a lower rate of poor neurological out-
come of 5.2% and 6.8% for glue and Onyx, respectively.15 The 
permanent morbidity after embolization with glue and Onyx 
in the literature ranges from 1.6% to 11%,16-20 which was 3% 
in our cohort.

PHIL and Squid are safe alternative options of liquid em-
bolic agents aside from glue and Onyx for embolization of 
cerebral AVM. Lower morbidity was shown in a case series 
using PHIL and Squid for embolization. A Bulgarian cohort of 
27 patients with embolization using PHIL showed a compli-
cation rate of 22.2% and permanent morbidity of 3.7% due 
to intracranial hemorrhage requiring surgical evacuation.21 A 
Turkish series of 28 patients undergoing embolization with 
Squid showed a complication rate of 12.5% and permanent 
morbidity of 6.3%, also due to intracranial hemorrhage re-
quiring surgical evacuation.7 In the present series, the total 

Table 3. Literature review of embolization of cerebral AVM with PHIL and Squid liquid embolic agents 

Study Patient (n) Agent Complete obliteration rate Complication rate 

Sirakov et al.21 (2019) 27 PHIL 25 52% 22.2%

Koçer et al.5 (2016) 3 PHIL 0%
(mean obliteration 80%)

0%

Akmangit et al.7 (2014) 16 Squid 18 
Squid 12

37.5% 12.5%
(intracranial hemorrhage)

Samaniego et al.6 (2016) 5 PHIL 60% 0%

AVM, arteriovenous malformation; PHIL, precipitating hydrophobic injectable liquid. 
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neurological and non-neurological morbidity was 6%, in 
which no hemorrhagic complications were reported. Only 
1 case of permanent morbidity (3%) with visual field defect 
occurred due to occipital lobe infarct after embolization. 
Although both cases of morbidity involved Squid emboli-
zation of cerebral AVM, there was no statistically significant 
difference between PHIL and Squid embolization in terms of 
morbidity. 

Nidal Obliteration Rates 
Since the first report of embolization of cerebral AVM in 1960 
by Luessenhop and Spence with the use of methylmethac-
rylate embolospheres, and later with the wide use of N-butyl 
cyanoacrylate (NBCA) in the 1990s, embolization was used as 
a pre-operative adjunct to facilitate cerebral AVM resection.22 
After the introduction of EVOH Onyx in 2004, there was an 
improvement in the nidal obliteration rate. Therefore, there 
were more indications for embolization such as pre-radio-
surgery volume reduction, treatment of nidal aneurysm, and 
curative intent of the AVM. A meta-analysis of 103 eligible 
studies demonstrated a higher complete nidal obliteration 
rate for the EVOH group when compared with the NBCA 
group (30.5% vs. 13.7% respectively) and an improvement 
in obliteration rate over time.15 It was also similarly shown to 
achieve a 33% complete angiographic cure by embolization 
with Onyx in our center.23 Among the retrospective studies 
on liquid embolic agents PHIL and Squid, the complete oblit-
eration rate ranged from 0–60%, which had a wide variabil-
ity.5-7, 21 In one of the case series on preliminary experience 
on PHIL, 3 patients underwent partial embolization with a 
nidal obliteration rate of 70–90% followed by surgical exci-
sion on the same day, achieving a satisfactory outcome.5 The 
difference in nidal obliteration rate could be attributed to the 
different intents of embolization and different angiographic 
features of cerebral AVM as well as more surgical treatments 
in selected ruptured SM grade 1 cerebral AVMs. In the cur-
rent cohort with options of multi-modality treatment, the 
complete nidal obliteration rate was 17% with embolization 
alone, and the overall nidal obliteration rate at last follow-up 
was 90%. A literature review of embolization of cerebral AVM 
with PHIL and Squid is summarized in Table 3.4-6,14

Study Limitations 
First, the sample size of this study was small but comparable 
with the case series on PHIL or Squid liquid embolic agents in 
the literature.7,21 Second, different intents of embolization (ei-

ther pre-surgical or curative) and selection of liquid embolic 
agents could affect the nidal obliteration rate. Third, the use 
of different types of microcatheters, either the conventional 
type or those with a detachable tip, may affect the injection 
of liquid embolic agents and thus the nidal obliteration rate. 
According to a case series using Apollo detachable microca-
theters for embolization of cerebral AVM with NBCA or Onyx, 
microcatheter tip detachment was a significant factor asso-
ciated with a high obliteration rate.24 Fourth, the pressure 
cooker technique was not applied in this series although a 
case series has reported a complete angiographic cure rate 
of up to 96% in selected cases.25,26 Fifth, the measurement 
of nidal volume of cerebral AVM was not a precise 3-dimen-
sional volume measurement with multiple independent 
assessors, causing potential information bias. Further studies 
with a larger number of patients and adjustment of potential 
biases are required to investigate these aspects. 

In conclusion, PHIL and Squid are effective and safe liquid 
embolic agents for endovascular embolization of cerebral 
AVM, achieving satisfactory nidal obliteration rates and func-
tional outcomes.
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