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ABSTRACT

Objectives: This study aimed to assess clinical profile, arteriovenous malformation (AVM) characteristics, and outcomes associated 
with treatment.

Patients and methods: This retrospective descriptive study was conducted between June 1, 2021, and May 31, 2022. 
Twenty-seven patients (16 males, 11 females; mean age: 41.7±8.6 years; range, 15 to 65 years) diagnosed with AVM undergoing 
embolization within the defined period were included. The inclusion criteria were as follows: patients diagnosed with 
AVM on angiography and who underwent embolization for AVM. The exclusion criteria were as follows: patients in whom 
angiography did not show an AVM, those who refused to undergo the embolization procedure, patients who underwent 
surgical resection, and patients who underwent procedures for reasons other than AVMs (e.g., aneurysm coiling and flow 
diverter). Sessions of liquid embolic agent (Squid) embolization were performed. The procedural outcomes were classified 
as favorable and unfavorable outcomes. Complications were subdivided into technical, procedural, and clinical. Follow-up 
angiograms and clinical examination data were assessed.

Results: Majority (n=11) of the patients were older than 50 years. Most common presentation was intracranial hemorrhage. 
Common presenting complaints were headache, vomiting, loss of consciousness, and seizures. The majority of AVMs were 
classified as Spetzler-Martin Grades 3 and 4 (66.6%), followed by Grade 2 in seven cases, and Grades 1 and 5 in one case each. 
Majority of the AVMs were superficial (n=24). Embolization was done in two stages in six patients and in three stages in one 
patient. In the remaining 20 patients, single-stage embolization was attempted. There was a rupture of the zone of detachment of 
the detachable tip microcatheter in one patient, and there was leakage of liquid embolic agent in two patients. The most common 
complication was intraprocedural hemorrhage. 

Conclusion: Embolization of AVMs with embolic agents such as Squid and Onyx as treatment option had satisfactory results, with 
obliteration achieved in most of the patients.

Keywords: Arteriovenous malformations, embolization, Onyx, Squid-12, Squid-18.

Malformations of the central nervous 
system vasculature consist of developmental 
arterial anomalies, developmental venous 
anomalies, and arteriovenous malformations 
(AVMs).[1,2] Arteriovenous malformations are vascular 
abnormalities composed of tortuous arteries and 
veins but lacking an intervening capillary bed.[3] 
They are congenital lesions that occur sporadically 
and account for 1.4 to 2% of all hemorrhagic strokes, 

although familial AVMs are rare.[4-7] The estimated 
prevalence of AVMs is variable, ranging from 
10 to 18 per 100,000 individuals.[7-9] Arteriovenous 
malformations can be detected incidentally in 
0.05% cases using magnetic resonance imaging 
(MRI).[10] The first report of embolization of a brain 
AVM was published in 1960. Since then, significant 
advancements have been made both in embolic 
materials and microcatheters. Terada et al.[11] 
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reported for the first time the use of ethyl alcohol 
(EVOH) copolymers in AVMs. Later, the “Onyx” 
was introduced, which is a polyethylene-co-vinyl 
alcohol copolymer-based liquid embolic agent. The 
“Squid” is another nonadhesive precipitating liquid 
embolic agent composed of EVOH in dimethyl 
sulphonamide (DMSO) solvent with suspended 
micronized tantalum powder for radiopacity. There 
is a lack of data from Indian institutes regarding 
their preliminary experience with liquid embolizing 
agents. Hence, this retrospective study aimed 
to present a preliminary experience with liquid 
embolizing agents from a tertiary care teaching 
hospital in Northwest Rajasthan.

PATIENTS AND METHODS

The retrospective descriptive study was 
conducted at the Department of Neurology of the 
Mahatma Gandhi Medical College and Hospital in 
Northwest Rajasthan, India, between June 1, 2021, 
and May 31, 2022. Simple consecutive sampling 
was used as the sampling method, and 27 patients 
(16 males, 11 females; mean age: 41.7±8.6 years; 
range, 15 to 65 years) diagnosed with AVM 
who underwent embolization within the defined 
period were included. Data on patients undergoing 
embolization procedure for AVM was collected 
from the catheterization lab of the hospital between 
June 2021 and June 2022. The inclusion criteria 
were as follows: patients diagnosed with AVMs on 
angiography and who underwent embolization. The 
exclusion criteria were as follows: patients in whom 
angiography did not show an AVM, those who 
refused to undergo the embolization procedure, 
patients who underwent surgical resection, and 
patients who underwent procedures other than 
those for AVM (e.g., aneurysm coiling and flow 
diverter). Patients were clinically evaluated for 
baseline deficits, and a neurological examination 
was conducted at baseline. Computed tomography 
angiography was performed in cases suspected 
for AVMs. The detailed angiographic evaluation 
was done using digital subtraction angiography, 
and patients were classified in various grades, 
as per the modified Spetzler-Martin grading, and 
embolization was planned accordingly. Institutional 
ethics committee approval was waived given the 
retrospective nature of the study. Written informed 
consent was obtained from all participants. Due to 
the retrospective nature of the study, approval from 
the ethics committee was not obtained. The study 
was conducted in accordance with the principles of 
the Declaration of Helsinki.

Sessions of liquid embolic agent (Squid and 
Onyx) embolization were performed under general 
anesthesia on a monoplane angiography system 
(Allura Xper FD 20; Philips, Jaipur, Rajasthan, 
India). Using the right common femoral artery 
approach, after infiltration of the local anesthetic 
(1 to 2% lignocaine), the right femoral artery was 
punctured. A subsequent single-wall puncture 
with a 21-gauge needle was performed to aid 
sheath insertion. To achieve an activated clotting 
time 2 to 2.5 times the normal value, 5000 units 
of heparin was injected. A 6 French (F) guiding 
sheath-guiding catheter coaxial system was 
introduced into the carotid or vertebral arteries 
through a common femoral artery approach after 
systemic heparinization. A closed continuous flush 
system was used. Then the target feeder artery 
was catheterized with a DMSO-compatible flow 
directed microcatheters (Detachable tip Sonic 1.2F 
or 1.5F; Microcatheter, Balt, Montmercy, France) 
or (Marathon Microcatheter, ev3 neurovascular, 
Irvine, California, USA) over a 0.007- or 0.008-inch 
microguidewire (Hybrid Balt, Montmorency, 
France). Angiographic confirmation of the tip 
of the microcatheter was performed, and the 
vascular angioarchitecture was delineated for safe 
embolization. The decision of using type of 
Squid depends on feeders of AVM. In cases 
with small size of feeders or AVM supplied by 
lenticulostriate perforators, Squid 12 was used. In 
attempt of complete occlusion of AVM, both Squid 
12 and 18 were used. Before Squid injection, the 
microcatheter was flushed with 10 mL of saline, 
and its dead space was filled with 0.35 mL of 
DMSO. The same volume of Squid was injected 
slowly for 45 sec to substitute the DMSO in the 
dead space. The Squid was meticulously injected 
into the lesion under the roadmap. The injection 
was stopped every 2 to 3 min to reset the roadmap. 
After some forward penetration, there was a 
tendency of Squid to reflux into the feeding artery 
forming a plug. Once a solid plug was formed, 
forward penetration of Squid into the lesion was 
noted (plug and push technique). Depending on 
the degree of shunt in the AVM at the beginning, 
Squid 12 or 18 was used. After confirming that no 
Squid escaped into the vein with the first injection, 
Squid 12 was used for further embolization due 
to its ability to penetrate more distally within the 
formed cast. The embolization was discontinued 
when the reflux reached the detachment zone 
of the microcatheter or when embolization was 
completed through the involved arterial pedicle. 
After complete embolization of the involved artery 
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or lesion itself, the microcatheter was gently 
removed with the application of gradual backward 
tension to achieve safe microcatheter removal. 
All microcatheters were successfully removed 
without sequela. Originally conceived as a surgical 
risk assessment tool, the Spetzler-Martin grading 
system, which is commonly used to describe AVMs 
in the clinical setting, was used to assign points for 
AVM size, location, and venous drainage pattern 
(Table 1).[12]

The procedural outcomes were classified as 
favorable and unfavorable outcomes. Favorable 
outcomes included partial or complete obliteration 
achieved after embolization and no clinical 
deterioration from baseline or improvement 
in symptoms after the procedure. Unfavorable 
outcomes were defined based on complications. 
Complications were subdivided into technical, 
procedural, and clinical. Follow-up angiograms 
and clinical examination data were assessed.

Statistical analysis

The data was segregated and organised in 
Micrososoft Excel Sheet and data was analysed 
using descriptive statistics. Categorical variables 
were presented in number and percentage (%) 
and continuous variables were presented as 
mean ± standard deviation (SD). 

RESULTS

Of the patients, three were younger than 
20 years, five were between 21 and 30 years, 
four were between 31 and 40 years, four were 
between 41 and 50 years, and 11 were older than 
50 years (Table 2). The most common presentation 

TABLE 1
The Spetzler-Martin grading system[12]

AVM features Points

Size (cm)

Small (<3) 1

Medium (3-6) 2

Large (>6) 3

Location

Non-eloquent 0

Eloquent 1

Venous drainage

Superficial 0

Deep 1

AVM: Arteriovenous malformation.

TABLE 2
Clinical and demographic profile of patients with AVM

n %

Total patients 27 100

Sex
Males
Females

16
11

59.3
40.70

Age (year)
<20
21-30
31-40
41-50
>50

3
5
4
4
11

11.11
18.51
14.81
14.81
40.74

Presenting complaints
Headache
Loss of consciousness
Vomiting
GTCS seizures
Focal seizures
Unsteadiness while walking
Visual loss hemibody pain
Paraparesis with bowel bladder involvement
Numbness of one half of face
Partial global aphasia

17
7
6
5
2
2
1
1
1
1

62.96
25.92
22.22
18.51
7.4
7.4
3.7
3.7
3.7
3.7

Spetzler Martin Grade
1
2
3
4
5

1
7
9
9
1

3.7
25.92
33.33
33.33
3.7

Distribution of AVMs
Intracranial AVMs
Spinal AVMs

26
1

96
4

Site of AVMs
Superficial
Deep

24
3

88.89
11.11

Location of AVMs
Frontal lobe
Fronto-parietal
Parieto-occipital
Parieto-temporal
Temporal
Parietal
Occipital
Cerebellar
Deep capsuloganglionic
Spinal
Cerebellopontine angle

4
6
3
2
2
2
1
1
4
1
1

14.81
22.22
11.11
7.4
7.4
7.4
3.7
3.7

14.81
3.7
3.7

Associated findings
AV fistula
Aneurysm

Single
Multiple

Meningioma

5
6
1
5
2

18.51
22.22
3.7

18.51
7.4

Embolization stages
Single stage

1 stage
Multiple stage

2 stages
3 stages

20

6
1

74.07

22.22
3.7

AVM: Arteriovenous malformation; GTCS: Generalized tonic-clonic seizures.
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was intracranial hemorrhage. Common presenting 
complaints were headache (n=17), vomiting (n=6), 
loss of consciousness (n=7), seizures (focal [n=2], 
generalized tonic clonic [n=5]), unsteadiness while 
walking (n=2), hemiplegia (n=4), visual loss (n=1), 
hemibody pain (n=1), paraparesis with bowel 
or bladder involvement (n=1), numbness of one 
half of the face (n=1), and partial global aphasia 
(n=1), presenting alone or a combination of these 
symptoms (Table 2). The modified Spetzler-Martin 
grading results are shown in Table 2. The majority 
of AVMs were classified as Spetzler-Martin Grades 
3 and 4 (66.6%), followed by Grade 2 in seven 
cases, and Grades 1 and 5 in one case each.
Majority of the AVMs were superficial (n=24), and 
three were deep seated. Associated arteriovenous 
fistulas were observed in five patients, multiple 
aneurysms confined to the P2 segment of posterior 
cerebral artery and left middle cerebral artery in 
one patient, left posterior inferior cerebellar artery 
aneurysm in one patient, and tumor in two patients 
(meningioma).

In six patients, embolization was done in two 
stages, and in one patient, it was done in three 
stages. In the remaining 20 patients, single-stage 
embolization was attempted. Among all patients, 

eight were treated with Squid 12 alone, eight were 
treated with Squid 18 alone, and one was treated 
with both Squid 12 and 18. However, Onyx alone 
was used in one patient, whereas Onyx was used 
in combination with Squid 12 and 18 in nine 
patients. Figures 1 and 2 show an AVM before and 
after embolization. An AVM rupture, occlusion of 
the catheter, or thromboembolic phenomenon was 
not observed during or after the procedure. All 

Figure 1. (a) Pre-embolization digital subtraction angiography image shows left frontal AVM 
with feeding arteries from left anterior cerebral artery (pericallosal artery) and left middle 
cerebral artery (superior division) draining into superior sagittal sinus. (b) Showing complete 
obliteration following endovascular embolization procedure.
AVM: Arteriovenous malformation.

(a) (b)

Figure 2. Subtracted image demonstrates the liquid 
embolization agent (Squid) after the procedure.
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patients were discharged in a hemodynamically 
stable condition. Table 3 shows patient details in 
each case.

Entrapment of the microcatheter occurred in 
none of the cases, including both detachment 
tip and conventional microcatheters. In one 
case, rupture of the zone of detachment of the 
detachable tip microcatheter (Sonic 1.5F; Balt, 
Montmercy, France) happened during manipulation 
in parent artery proximal to feeding pedicle. 
The microcatheter was safely retrieved with the 
detachable tip without any sequel. In two cases, 
there was leakage of the liquid embolic agent 
(Squid) from the detachable zone, leading to 
occlusion of the feeding pedicle proximal to the 
nidus. It resulted in incomplete obliteration of 
the AVM nidus due to occlusion of the proximal 
part of the feeding pedicle. Fortunately, it did not 
result in any clinical complications. In one case 
of deep seated basal ganglionic AVM (supplied 
by one of lenticulostriate artery), there was early 
polymerization of Squid into microcatheter which 
led to formation of plug into microcatheter. This 
phenomenon resulted in the early termination of 
procedure. This case was subsequently referred for 
gamma knife treatment and resulted in complete 
obliteration of the AVM on follow-up.

Clinical complications occurred in two 
patients, with the most common complication 
being intraprocedural hemorrhage. In one patient, 
during the manipulation of the microwire, there 

was a perforation of the feeding pedicle. It 
resulted in left frontal intraparenchymal hematoma; 
however, it was asymptomatic. The same patient 
developed large frontoparietal intraparenchymal 
hematoma after the second stage of embolization. 
The second stage of the embolization was done 
successfully with a residual tiny nidus. The patient 
was extubated uneventfully after the procedure. 
Thirty minutes after extubation, the patient 
developed aphasia and right-sided hemiplegia. 
Urgent noncontrast computed tomography of the 
brain was performed, which revealed large left 
frontoparietal intracerebral hematoma with mass 
effect. Neurosurgery consultation was obtained, 
and immediate hematoma evacuation with excision 
of the residual AVM was done. On retrospective 
assessment, there was seepage of Squid into the 
draining vein during embolization into the nidus. It 
resulted in the thrombosis of the draining vein and 
intraparenchymal hematoma. In the second patient 
of intraprocedural rupture, there was dissection of 
the vessel during the manipulation of the microwire 
proximal to the feeding pedicle, which resulted 
in subarachnoid hemorrhage. The patient was 
considered for an urgent ventriculoperitoneal shunt 
and was discharged from the hospital five 5 days 
without any residual deficit. Table 4 summarizes 
the complications experienced at our center.

DISCUSSION

Arteriovenous malformations can present 
with a wide array of clinical presentations. 
These include intracranial hemorrhage (2-4%), 
seizures (18-40%), headache (5-14%), and focal 
neurological deficit (1-40%). The gold standard 
test for the assessment of the architecture of AVMs 
is conventional cerebral angiography. Various 
features such as the feeding arteries, location of 
the nidus, draining veins, morphology, presence, 
and location of associated aneurysms, venous 
varices, and vasculopathic stenotic segments 
on arteries and veins are assessed, and these 
features can be used to plan the treatment of 
these AVMs.[12]

Treatment options for AVMs are microsurgical 
resection, endovascular embolization, and 
stereotactic radiosurgery. It is difficult to determine 
whether to intervene or which intervention is 
better. More than one modality can be used for 
treatment. A risk-benefit analysis is required for 
benefits of treatment against the risks associated 
with the proposed options.[13,14]

TABLE 4
Technical, procedural, and clinical complications

Complications n %

Procedural and technical

Perforation or rupture of feeding pedicle 2 7.4

Rupture of detachment zone of tip of 
microcatheter

1 3.7

Leakage of embolic agent proximal to the 
nidus causing incomplete obliteration

2 7.4

Early polymerization of agent warranting 
early termination of procedure

1 3.7

Microcatheter entrapment 0 0

Thromboembolic 0 0

Catheter occlusion 0 0

Puncture site hematoma 0 0

Clinical

Intracerebral hemorrhage 1 3.7

Subarachnoid hemorrhage 1 3.7
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In the present study, we presented our 
experience with the use of an embolization agent 
for the treatment of AVM in the form of Squid and 
Onyx. The first broadly used copolymer-based 
embolic substance is Onyx, and there is a large 
amount of data on its safety. On the other hand, 
Squid is a more recently introduced agent. This 
substance is extra-low viscous, more stable, and 
has lower degree of imaging artifacts associated 
with its use.[15] In our study, Squid was an effective 
and safe embolic agent for embolization of AVMs. 
The results are in coherence with the study by 
Akmangit et al.,[16] in which they observed Squid 
to be a safer and effective treatment option, with 
an obliteration rate of 37.5%. There were no direct 
complications related to Squid as an embolic agent 
in our study, and the findings were similar to 
Akmangit et al.’s study.[16] Another study by Gore 
et al.[17] in 2008 examined 10 patients (4 female, 
6 male; range, 11 to 60 years) who underwent 
preoperative embolization with Onyx before cranial 
or spinal tumor resection. Tumors included three 
juvenile nasal angiofibromas, two meningiomas, 
two hemangioblastomas, two metastases (renal cell 
and thyroid), and one giant cell tumor. However, 
in our center, Squid alone or in combination with 
Onyx was used. Only one patient was treated by 
Onyx alone, but fewer complications were also 
observed with this material when used as an 
embolic agent. In one study, Onyx embolization 
was performed in 43 vessels over 11 treatment 
sessions. There were no complications related to 
the embolization procedures. Potential adverse 
events, such as premature catheter obliteration 
and catheter tip stranding, were not observed. 
The experience was similar to the studies by Arat 
et al.,[18] Natarajan et al.,[19] and Weber et al.,[20] 
where no neurologic complications secondary to 
the embolization procedure were reported. In 
the current study, three patients had perforation 
of the pedicle of the feeding vessel leading to 
hemorrhage, which was managed immediately. 
No local/introducer site hematoma was observed 
in the present study. Majority of AVMs (74.07%) 
were completely obliterated with one session 
of embolization, only six patients required two 
sessions, and one (3.7%) needed three sessions.

There were some limitations to this study. The 
sample size of the study was small. The results of 
larger scale studies with a larger sample size are 
required to better understand complications, as 
well as outcomes, of Squid as a treatment in AVMs. 
Nonetheless, this study is one of its kind from 
the region of Indian subcontinent focusing on the 

preliminary experience with Squid. It adds to the 
existing literature of treatment of AVMs with Squid.

In conclusion, embolization of AVMs with 
embolic agents such as Squid and Onyx as a 
treatment option had satisfactory results, with 
obliteration achieved in most of the patients. 
However, safety and efficacy outcomes of these 
embolic agents should be assessed and compared 
with surgical treatment in larger scale follow-up 
studies.
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