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INTRODUCTION

Arteriovenous malformations of the brain (bAVMs) are characterized by a direct
communication between arterial feeders and draining veins via a network of abnormal
vascular channels that lack a normal intervening capillary network'. Although rare, their
tendency to bleed may result in significant long-term morbidity and mortality underscoring
the need for careful consideration of lesion characterization and appropriate tailored
management of these lesions.

When indicated, treatment may be multimodal with the availability of
endovascular, microsurgical and radiotherapeutic techniques used alone or in
combination. The primary aim of treatment is to reduce the risk of hemorrhage associated
with these lesions. Treatment strategies are variable between different centres and
balance the risk of treatment with the potential benefit to the patient. Endovascular
embolization of AVMs has predominantly been used as an adjunctive treatment with the
goal of devascularizing the nidus prior to definitive treatment in the form of surgery or
radiotherapy. However, embolization with a curative intent has been made recently
possible in a subset of lesions with advances in embolization agents and delivery
hardware.

Ethyl vinyl alcohol (EVOH) based embolic agents are a more recent development
whose physical characteristics make it more optimal than cyanoacrylate glues for the
embolization of brain AVMs. However, their use entails a number of precautions and
specialized hardware such as compatible microcatheters. The risk of catheter entrapment

and resultant rupture during retrieval has spurred the development of microcatheters
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with detachable tips. These microcatheters offer a theoretical advantage of reduced risk
of catheter entrapment allowing for more prolonged injection of the embolic agent.
However, there is a relative paucity of literature that examines whether this translates into
better outcomes. The aim of this study is to therefore compare the efficacy of
embolization using the older conventional microcatheters with the newer detachable tip

microcatheters.
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AIMS & OBJECTIVES

1. To compare the effectiveness of liquid embolization of brain AVMs using
Detachable Tip or Conventional microcatheters in terms of rate of angiographic

obliteration of brain AVMs.

2. Assess the safety profile of detachable tip microcatheters in comparison to

conventional microcatheters.
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REVIEW OF LITERATURE

Arteriovenous malformations of the brain (BAVMs) are characterized by a
congenital direct communication between pial arterial feeders and draining veins via an
intervening nidus of abnormal vascular communicating channels that lack a true capillary
bed. ?> Despite being relatively rare (incidence varying between 0.001-0.5%3), their
propensity to rupture makes them the leading cause of young hemorrhagic stroke with
significant resultant morbidity and mortality elevating their importance to much above
what epidemiology alone justifies #>. Anywhere between 40-72% of BAVMs become
clinically apparent after a hemorrhagic event, while the rest may present with seizures,
symptoms secondary to mass effect or ischemic steal or just as headaches, typically
migraines. With the advent of non-invasive imaging, an increasing proportion are also
being discovered incidentally ©.

The importance of risk stratification when considering treatment lies in the fact
that brain AVMs have a varied natural history. The overall annual rate of hemorrhage of
untreated AVMs is approximately 2.3% 7. However, a hemorrhagic presentation itself
confers a higher risk of re-hemorrhage of 4.5 to as high as 34%, as compared to previously
unruptured AVMs which may have a lower risk of 0.9-8%. This is dependent on the
presence of risk factors such as a advancing age, a deep location, the presence of any or
exclusive deep venous drainage or associated aneurysms?. In unruptured AVMs with the
lack of clarity on long term natural history, treatment remains varied and controversial®.
In light of the results of the ARUBA (A Randomized trial of UnRuptured Brain AVMs)™ and
Scottish Intracranial Vascular Malformation Study™ trials, when this subset of patients are

placed on conservative management, the understanding is that the patient remains
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exposed to the variable but ever present risk of a hemorrhagic event lifelong?. When
considered for treatment, this risk must be weighed against the risks and potential benefit
of treatment in each patient. The goal of treatment in both ruptured and unruptured AVMs
therefore, is to reduce the risk of intracerebral hemorrhage and the attendant morbidity
and mortality thereof®. Three main modalities exist for the treatment of AVMs:
Microsurgical resection, endovascular embolization and stereotactic radiosurgery (SRS).
These may be used individually or in combination with the therapeutic goal of complete
nidus obliteration since subtotal treatment does not protect against future hemorrhage
and may indeed worsen natural history®.

Endovascular embolization of an AVM was first described by Luessenhop and
Spence in 1960 when they reported treating a large left-frontal AVM with 4 methyl
methacrylate pellets™. Endovascular techniques have since shown rapid evolution with the
development of newer embolic agents and better hardware to deliver them. Today, 4 main
embolic agents are in use: n-butyl cyanoacrylate(NBCA), and the ethyl vinyl alcohol based
agents, Onyx and Squid and the iodine based agent PHIL (Precipitating Hydrophilic
Injectable Liquid). Coiling, particulate and balloon embolization play an increasingly less of
an adjunctive role. The intent of embolization varies with the presentation and individual
architecture of AVMs as well as the experience of the treating team and can be
categorized into 5 main indications: 1) preoperative flow reduction; 2) preradiosurgical
volume reduction; 3) targeting of specific high risk angioarchitectural features; 4) palliative
flow reduction; and 5) complete curative occlusion.

The most common intent of embolization is primarily adjunctive achieving partial
obliteration of the nidus prior to microsurgery or radiotherapy'. However, many series

have reported complete obliteration using embolization alone, albeit with significant
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variation ranging from 5% to 94%, likely due to heterogeneity in the goal of embolization,
selection biases and characteristics of AVMs treated 3.

Many factors of the AVM itself influence the curative ability of embolization. A
smaller size of the AVM either in terms of maximal diameter (<3cms)", or volume (<6ml)™®
supplied by fewer (< 3 feeders)", larger (atleast twice normal diameters)*° and superficial
origin of terminal feeders (as opposed to en-passage or perforator feeders)***' have a
positive correlation with higher cure rates. A superficial* non-eloquent*® location and
consequently a lower Spetzler-Martin grade® also allow a more aggressive embolization
resulting in higher cure rates, as also a previously ruptured status”. Single compartment
niduses or a predominantly fistulous (as opposed to purely fistulous) angioarchitecture
were also associated with higher occlusion rates*+.

The technique and hardware used for embolization also influence outcomes. Liquid
embolic agents have in large part contributed to the success of modern endovascular
treatments. The cyanoacrylates (commonly called glue), isobutyl cyanoacrylate (IBCA) and
n-butyl cyanoacrylate (NBCA) cause occlusion by polymerizing to form a solid cast on
exposure to ionic solutions such as blood or saline with secondary inflammatory vasculitic
reaction®. However, there are several disadvantages to the use of glue agents. Despite
ability to modify the rates of polymerization by mixing it in varying proportions with non-
ionic liquids such as Lipiodol (Guerbert GmbH, France) the use of NBCA remains often
unpredictable, even in experienced hands?. Proximal occlusions and inadequate
penetrations are more common, requiring a considerable time spent in reaccessing the
nidus with multiple cannulations, each time with a new microcatheter in order to achieve
a higher rate of complete occlusion, with an increase in the cumulative attendant

procedural risks?”28, Further, the risks associated with retrieval or retention of unexpected
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microcatheter tip gluing to the cast are also present?®. As a result, most series that used
NBCA with a curative intent achieved complete occlusion rates of =10%3°3.

The development of ethylene vinyl alcohol (EVOH) based copolymers provided the
needed impetus in the curative embolization of AVMs. These are non-adhesive agents that
are dissolved in dimethyl sulfoxide (DMSO), an organic solvent with well-studied biologic
properties34. Once in the blood stream, the DMSO dissolves and gets washed out resulting
in precipitation of the copolymer within the vessel3>. This precipitation occurs in an inside-
out fashion and has been likened to the flow of lava from volcanoes3®. Thus, unlike the
adhesive and inflammatory occlusion of NBCA, EVOH based agents cause more of a
mechanical occlusion of the nidus, underlining the need to overfill the nidus during
embolization for a durable cure3’. EVOH based agents take a longer time to form a cast (up
to 5 minutes) than NBCA and therefore due to their non-adhesive nature, allow a more
prolonged and controlled injection with the option of serial check angiograms. Further,
redirection of percolation may be achieved by temporarily interrupting injection for up to
2 minutes at a time, so as to allow solidification of the cast and create new channels of low
resistance in alternate pathways, a technique referred to as “road-blocking”3%. The
formation of a proximal plug of up to a cmin length, around the tip of the microcatheter
facilitates antegrade flow of the copolymer — the so called “plug-and-push technique”3°.
Injection is facilitated further by the viscosity of the agents, which is conferred to by a
significant extent by the opacifying agent of micronized tantalum. Two formulations are
currently available in the market: Onyx (eV3, USA) and Squid (Emboflu, Switzerland) that
differ with regards to the extent of micronization of tantalum, being finer in Squid and

theoretically conferring better homogeneity, longer injection times and more control.
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Onyx has FDA approval and is CE marked, while the newer Squid is CE marked alone and is
hence marketed outside of the USA.

Series that have utilized EVOH based embolic agents in the embolization of AVMs
have described better control of injections as compared to NBCA as well as better surgical
handling properties, with onyx forming a soft spongy cast as opposed to the more brittle
and hard cast of NBCA343®. Further higher rates of curative embolization have been
reported with the use of Onyx ranging 8.3% to as high as 53.9% in large case series (table
1).

Since DMSO is a highly potent solvent which is known to have damaged older
catheters, newer DMSO compatible microcatheters were designed for injection3. The
conventional DMSO compatible microcatheters are Marathon (ev3/Medtronic, USA),
Echelon (ev3/Medtronic, USA). The newer intracranial balloon microcatheters such as the
Sceptre C and XC, (Microvention Terumo, USA) have also been used in the embolization of
AVMs with particularly high flow fistulae. These have DMSO compatible lumens, but not
balloon per say is not DMSO compatible. Most studies on Onyx embolization in AVMs
utilized conventional microcatheters. However, since Onyx embolization demands that a
proximal plug be formed at the microcatheter tip, almost all studies reported an
incidences of catheter gluing into the cast (table 1). Catheter entrapment in turn led to 2
types of risks. Attempts at retrieval led to the risk of rupture of the pial artery and
secondary intracranial hemorrhage. Leaving the microcatheter in situ required additional
antiplatelet therapy and exposed the patient to a lifelong risk of thromboembolic
phenomena. After more than a 100 cases of catheter entrapment and 9 related deaths
were reported, the United States Food and Drug Administration (US FDA) issued a Safety

Communication with regards to the risks of catheter entrapment with the use of Onyx#°.
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To offset the risks of catheter entrapment, microcatheters with a detachable tip
were designed. The first reported case of their use was in 2008 when Ozturk et al reported
embolization of a multicompartmental AVM using NBCA glue using a Sonic microcatheter
(Balt, Montmorency, France) achieving obliteration similar to that encountered with Onyx
owing to anincreased operator confidence. While the tip did not detach as expected they
hypothesized that the NBCA cast itself seemed to have less of adhesiveness to the
catheter as it smoothly came out#'. The Sonic microcatheter comes in 7 forms: with a distal
outer diameter of 1.2F or 1.5F and lengths of distal detachable segment of 15, 25 and 35mm
and one variant with 190cm total length while the rest with 165cms. The detachable
segment is bound to the proximal part of the microcatheter by a DMSO incompatible glue.
This glue degrades as it comes in contact with the DMSO both within the lumen as well as
on the outside of the microcatheter during reflux thereby allowing for detachment. The
Sonic microcatheter has 3 markers: one at the distal tip, the second at the detachment tip
and the third 5mm proximal to the detachment zone to serve as a marker for maximal
allowed reflux. The Sonic comes with its own 0.07” or 0.08”” Hybrid microwire.

The other more recently introduced microcatheter is the Apollo microcatheter
(Medtronic, USA) based on the Marathon platform. The Apollo uses a heat shrinkable
thermoplastic LDPE (Low Density PolyEthylene) sleeve to form a friction based bond
proximal catheter and the distal detachable tip.4* This requires sole mechanical traction
for retrieval with detachment. Its use was first reported in an oral abstract by Turk et al in
2012 who embolized an AVM resulting with near complete obliteration and detachment of
the tip#. The first published report was by Herial et al in 2014 who embolized an SM grade
3 lesion with near complete (80%) obliteration44. Both these case reports described the

use of the Apollo microcatheter with improved operator confidence and without
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complications. The Apollo comes in 3 forms, all with a distal OD of 1.5F and detachable tip
lengths of 15, 30 and s5omm. It has 2 markers, the first 0.5mm proximal to the tip and the
second 1.25mm proximal to the separation point. The microcatheter is compatible with

0.08” or 0.10” microwires.
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Figure 1: The 2 types of detachable tip microcatheters — Sonic and Apollo.

A common disadvantage to the present generation of conventional microcatheters
is that they are not truly flow guided and require to be navigated over the wire (OTW),
unlike the truly flow guided microcatheters such as Magic (Balt, France) and Ultraflow
(ev3/Medtronic, USA). A risk of wire perforation during navigation thus exists. This
disadvantage is theoretically mitigated to some extent with the use of detachable
microcatheters whose detachable tips are less stiff and are hence are partially flow

guided.’?
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One of the largest series regarding the use of detachable tip microcatheters,
specifically Sonic, was by Maimon et al in 2010. They reported 124 injections in 43 patients,
with 75% of feeders (93) embolized using Sonic while the rest 25% feeders (31) were
embolized using Marathon. While they did not compare the obliteration rates achieved
between the 2 different types of microcatheters, they did find a statistically significant
difference between the volumes of onyx injected via the detachable versus the
conventional microcatheters (2.5+2.2ml and 1.7£1.3ml respectively, p<0.05, t test). They
achieved complete occlusion in 16/43 (37%) of patients by embolization alone. Amongst
SM Grade 1-3 AVMs, they achieved a complete embolization rate in of 73% of AVMs, while
they in high grade AVMs (SM grade 4 and 5), which were previously considered
untreatable, they achieved complete embolization in 36%. Commensurate with this
aggressive approach however, they reported a relatively high incidence of periprocedural
bleeding in 6 patients (13.9% of patients, 7.8% per procedure) with clinical consequences in
2 of 6 patients, who both required emergent craniotomy and evacuation. None of these
were in SM grade 1 and 2 lesions. In the single case in which the hemorrhage was related
to the technique, the cause was due to vessel damage while retrieving the Marathon
catheter. Additionally, another patient had extravasation of contrast due to wire
perforation during navigation, which resolved spontaneously with no additional
treatment. Thus their total rate of complications was 16.2% of patients (7/43 patients, 9.2%
per procedure). They encountered 6 technical complications (7.8% per procedure) with
clinical consequences in 1 case. Three of these were related to the Sonic microcatheter
during the initial 4 months of use and were thus attributed to a learning curve phase. In 2

cases, there was perforation of the soft detachable segment of the Sonic when a wire was
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reinserted in a acutely curved vessel. The third case was an unintended detachment while
reinserting a microwire in a tortuous vessel¥.

The largest series to date reporting the use of Sonic was published by the same
group again in 2013 with 92 patients, of whom treatment was completed in 682°. The main
objective of this study was to critically evaluate their ongoing results in comparison to their
prior experience and hence included the original 43 patients published 2 years prior.37 In
this combined cohort, they achieved complete obliteration of the nidus by embolization
alone in 25 patients (37% of the 68patients who completed treatment, 27% of entire
population). They achieved near complete obliteration in 32 patients (47% of patients who
completed treatment, 35% of entire population). Of these, 28 underwent SRS. Similar to
their prior experience, they were able to completely obliterate an impressive number of
high grade AVMs (SM grade IV and V) with this combined approach of embolization and
SRS - a total of 42 AVMs or 45.6% of the entire population. They reported a progressive
improvement in their technique, for eg., they injected higher amounts of Onyx in the latter
part of their experience, than in the first 2 years (2.5+2.2ml vs. 1.5+1.3ml, p<0.01) and found
a progressive reduction of complications with more experience. They continued to
experience a relatively high rate complications with 15 symptomatic perioperative
bleedings (8.4% per procedure, 16.3% of patients), being mild in 7 patients (mRS<1) and
severein the rest. They identified 3 main causative factors for these bleeds: during retrieval
of microcatheter (in 1 case, a Sonic with excess reflux), venous outflow disturbance and
microwire perforation (5 additional asymptomatic hemorrhages).

van Rooij et al also utilized Sonic microcatheters but did not describe their use in
any detail since the main aim of their study was to study the techniques of and patient

selection for onyx embolization#.
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Unlike the Sonic microcatheter, the Apollo microcatheter has been relatively less
extensively studied. Apart from Herial et al’s* case report, who reported that a
detachable-tip design allowed prolonged Onyx injection times with safe micro catheter
disengagement, with no limitation in accessing target arterial feeders, 2 other smaller case
series have been reported. Paramasivam et al reported enhanced safety of these
detachable tip microcatheters in their series of 16 adult patients. Atschul et. al. described
their experience with the Apollo microcatheter in 11 paediatric patients with varied
vascular malformations, only 4 of which were AVMs. They reported increased operator
confidence resulting in @ more relaxed injection to allow increased time for a complete
embolization. They also found as expected a higher rate of detachment with NBCA (37.5%)
rather than Onyx (9%) and reported an excellent safety profile with no periprocedural or
post-procedural complications whatsoever4®. A similar safety profile has also been
reported by the same group with regards to the use of Apollo with NBCA in their series of
5 patients#/.

Detachable tip microcatheters also allow modifications of techniques to allow
improved percolation. The pressure cooker technique is one such method in which a
proximal plug is created around the detachable segment using a combination of coils and
glue by means of second conventional microcatheter so as to create an immediate
wedged flow effect and thereby improve antegrade percolation#®. Modifications of this
technique involve using concentrated glue (the modified pressure cooker technique)+9 or
using a more viscous formulation of Onyx (such as Onyx-34)%° to form the proximal plug
by means of conventional or detachable tip microcatheters respectively.

Comparing the results of series using detachable tip microcatheters with those that

use conventional microcatheter is fallacious since the techniques involved and
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aggressiveness of embolization vary between different groups. For example Maimon et
al.37 and Strauss et al.*® achieved a curative embolization rate of 37% using the Sonic
microcatheter while authors such as Saatci et al>' and Katsaridis et al3® who used
conventional microcatheters achieved a rates of 51-53.9%. Further, apart from the 2 large
series on the Sonic, most of the other studies have primarily focused on the improved
safety and increased operator confidence afforded by detachable tip microcatheters.
However, the efficacy of these detachable tip microcatheters in comparison to
conventional microcatheters in the embolization of brain AVMs is yet to be objectively

demonstrated in a large case series and forms the basis and rationale for this study.
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SI.  Series Year = No. of = Embolic Mean Complete Rate of Rate of Remarks
No. Patients Agent Sessions/ = Obliteration = permanent Microcatheter
completed Feeders/ Rate by morbidity/ = Retention
treatment Patient Embolization = Mortality
() = Full Alone
study pop.
1 He et al*? 2005 22 Onyx NR 13.6% 0 9% Transient neurological abnormalities in 9%
of patients.
2 Perez-Higueras et 2005 45 Onyx 2.5 22.2% 17.7%
al>3
3 Song et al>* 2005 50 Onyx 1.3 20% 10%
Mounayer etal*®* 2007 53(94) Onyx 2.2 49% 1.7% 4.2%
5 Weber et al*? 2007 93 Onyx NR 20.4% 9.7% 4%
1 van Rooij et al%> 2007 44 Onyx 1.3 15.9% 6.8% 4.5%
6 Katsardis et al?® 2008 52 (101) Onyx 2.2 53.9% 10.9% 0.9% Near-total occlusion (>80%) in 34.6%
Panagiotopoulos 2009 82 Onyx 1.5 24.4% 11.3% 1.2%
et al*®
Pierot et al*” 2009 50 Onyx+Glue 2.9 8.3% 1% 8% Near total occlusion in 56.3%
Xu et al58 2011 | 86 onyx 1.4 18.6% 4.7%
10 Abud et al>? 2011 17 Onyx 1.4 94.1% 5.9% Used a double arterial catheterization
technique.
1 Saatci et al® 2011 350 Onyx+Glue | 1.7 51% 8.5% 8%,
12 Pierot et al"7 2013 117 Onyx 2 23.5% 12.5% NR
13 Strauss et al*® 2013 | 68(92) 2 (Median) = 37% 8.7% 4.5% 3 symptomatic ICHs related to retrieval
14 Present Study 16 Oonyx,
Squid,
Adjunctive
NBCA

Table 1: Major studies reporting the use of Onyx embolization for Brain AVMs.
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Sl. X
Series

No.
1 Ozturk et al4'
2 Maimon et al3?
3 Turk AS et al43
4 Strauss et al*°
4 Herial et al44
5 Altschul et al4¢
6 Paramasivam

et al4

Year

2008

2010

2012

2013

2014

2014

2015

No. of
P/S/F*

111

43/76/124

1/1/2

68/

1/2[3

114/27

5/-19

Microcatheter

Sonic

Sonic - 93
Marathon - 31

Apollo

Sonic - 233
Marathon - 43

Apollo

Apollo

Apollo

Embolic
Agent
NBCA

Onyx
+

3 pts
adjunctive
NBCA

Onyx

Onyx

Onyx

Onyx

NBCA

Obliteration Rate by
Embolization Alone

50% obliteration

Compete Obliteration
16/43 (37%)

SM I-IIl = 11/15 = 73%
SM IV-V —=5/14 = 36%

Near complete
obliteration

Complete obliteration
in37%

Near complete
obliteration in

Achieved 80% final

obliteration

No obliteration rates
given for the 4 AVMs

No report of degree of
obliteration.

Remarks

e AVM size of 6x5x3cms, No SM Grade

¢ 16 min long injection, no detachment of tip at retrieval

e Curative intent, did not share cases with other modalities.

¢ Did not compare obliteration rates between Sonic & Marathon

e Statistical significance between volumes injected between Sonic &
Marathon: (2.5+2.2 vs. 1.7£1.3ml), p<0.05, t test.

¢ Did not mention detachment rates.

e 6 technical complications (7.8% per procedure)

e 7 clinical complications (9.2% per procedure, 16.2% of patients)

¢ Oral Poster Abstract: Single patient, No SM grade given.

e Single session, 2 feeders embolized with Apollo microcatheters, both
detached.

e No complications.

e Same group as 2 (Maimon et al).

e Did not compare efficacy of detachable tip versus conventional
microcatheters, but evaluated ongoing experience with Sonic and
Onyx.

e SM grade 3 lesion,

e Session 1: Headway Duo Session 2: 2 feeders with 2 Apollo
microcatheters, 1 detached, 2" did not., No complications.

e Paediatric (age 3months — 8 years)

e Variety of vascular malformations: 4 AVMs, 5 VOGMs, 2 Pial AVFs.

e Tip detachment in 7/27 (25.9%), none in AVMs.

e 45% cases detached safely — detachment did not correlate with length
of reflux

e No complications

Table 2: Series and case reports of AVM embolization using detachable tip microcatheters. (* P=Patients, S=Sessions, F=Feeders).
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MATERIALS & METHODS

Study Design
This is a retrospective study (approved by the Institutional Ethics Committee

SCT/IEC/806/AUGUST-2015) between 15t of January, 2010, and 31t July, 2017, at Sree Chitra
Tirunal Institute for Medical Sciences and Technology (SCTIMST), Trivandrum, Kerala, a
tertiary care hospital in India. Consent for retrospective review was exempted.

Study Population

Medical records of all patients who underwent embolization in the department of
Imaging Sciences and Interventional Radiology between 1t of January, 2010, and 315t July,
2017 were reviewed.

Only patients with plexiform or mixed plexiform-fistulous AVM nidus
angioarchitecture as determined on angiography were included in the study. The study
population was categorized into 2 groups:

e Group 1 - AVMs for which Detachable tip microcatheters were used.

o Group 1a: A subcategory in which only detachable tip microcatheters were
used for embolization using ethyl vinyl alcohol (EVoH) based agents such as
Squid or Onyx only.

o Group 1b: A subcategory in which both detachable tip and conventional
microcatheters were used, but in which more volume of EVoH embolic
agent was injected via the detachable tip microcatheter.

o Group 1c: Another subcategory in which ancillary targeted glue

embolization was done for fistulous components or intranidal aneurysms
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resulting in only minimal nidus obliteration while the rest of AVYM was
embolized with EVoH based agents using detachable tip microcatheters.
e Group 2 - AVMs for which Conventional microcatheters were used.

o Group 2a: A subcategory in which only conventional microcatheters were
used for embolization using ethyl vinyl alcohol (EVoH) based agents such as
Squid or Onyx only.

o Group 2b: A subcategory in which both conventional and detachable tip
microcatheters were used, but in which more volume of EVoH based
embolic agent was injected via the conventional tip microcatheter.

o Group 2c: Another subcategory in which ancillary targeted glue
embolization was done for fistulous components or intranidal aneurysms
resulting in only minimal nidus obliteration while the rest of AVM was
embolized with EVoH based agents using conventional microcatheters.

Exclusion Criteria
1. Patients with pial arteriovenous fistulae (AVF) for whom only glue embolization
with or without adjunctive use of coils was done.
2. Patients for whom only Glue was used for targeted embolization.
3. Patients for whom embolization was attempted, but en-passage feeders were
found at superselective angiography.
Data Recording
A. Population characteristics
Age and sex of patients, their clinical presentation were recorded.

B. AVM Classification
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AVMs were classified as per the Spetzler Martin (SM) grading. AVMs were classified as
Small (0-3cms), Medium (3-6cms) or Large (>6cms) based on their largest dimension as
per the SM grade. Since many AVMs tend to be oblong, an idealized size based
classification was used to avoid miscategorization of size. All 3 dimensions were measured
(3, b, ¢) and a volume (V) in cc was calculated based on the abc/2 equation®°. From this
volume the diameter (d) of an idealized spherical AVM was calculated using the formula
V=4/3[1(d/2)35" These idealized spherical diameters were classified as small (<2cms),
medium (2-4cms) and large (>4cms)?.

Embolization Methodology

C. Embolization Materials

Two ethyl vinyl alcohol based liquid embolic agents were used for embolization: Squid
and Onyx. Both these consist of an ethyl vinyl alcohol copolymer dissolved in a solvent,
dimethyl sulfoxide (DMSO) with micronized tantalum as a radio-opacifier. Onyx (ev3, now
Medtronic, USA) is supplied in ready to use vials in 3 concentrations of 6%, 6.5% and 8%
corresponding to a viscosity of 18, 20 and 34cp. Squid (Emboflu, Switzerland) is an agent
with a formulation similar to Onyx but has higher micronization of tantalum with
purported advantages of higher homogeneity and slower precipitation. Squid is provided
in 4 formulations: standard viscosity - Squid 18, Squid 18LD and low viscosity- Squid 12 and
Squid 12LD. We used primarily Onyx 18, Squid 12 and Squid 18 in our case series.

Histoacryl (Braun Surgicals, Spain) is an adhesive glue consisting of NBCA (n-butyl
cyanoacrylate). It is mixed with Lipiodol (Guerbet LLC, Villepinte, France) an ethiodized oil
formulation that provides both radio-opacity and allows modulation of the polymerization
times of the glue based on dilution. We used between 21% to 80% dilutions of NBCA
depending on the shunting velocity encountered at superselective angiography. NBCA
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was used for only targeted embolization of fistulous components or intranidal aneurysms
prior to adjunctive embolization with EVoH based agents.
D. Microcatheters

All microcatheters that were used were DMSO compatible with distal outer diameters
(OD) most commonly of 1.5F.

The conventional microcatheters consisted of Marathon (ev3/Medtronic, California),
Ultraflow HPC (ev3/Medtronic, USA), and Scepter XC (Microvention Terumo, USA), an
extracompliant balloon catheter.

Detachable tip microcatheters that were used were Apollo (ev3/Medtronic, USA) with
a detachable tip of 3cms length and Sonic (Balt, Montmorency, France) with a distal OD of
1.2F and 1.5F and detachable tip lengths of 1.5 and 2.5cms). We used both 1.2F and 1.5F
calibre Sonic microcatheters with a detachable tip length of 1.5 and 2.5cms.

All microcatheters, except Sonic were navigated using 0.08” Mirage microwires
(ev3/Medtronic, USA). We used Sonic’s own pre-packaged 0.08” Hybrid microguidewire.
E. Procedure

The objective of embolization in our department is adjunctive with the primary aim
being to reduce the size of the AVM nidus and obliterate intranidal aneurysms or fistulous
components prior to definitive treatment with stereotactic radiotherapy (SRS) or
microsurgical excision.

We use a GE Innova 3131 (GE Healthcare, USA) biplane system for intervention. Vascular
access was obtained via transfemoral route. Treatment was always preceded by a
diagnostic cerebral angiography and an analysis of nidal architecture with 3D rotational
angiography. For intervention, we used either a 6F Neuron (Penumbra, Inc. USA) or 6F
Envoy (Codman Neurovascular, USA) both with distal internal diameters (ID) of 0.07”. We

24|Page



Detachable Tip vs. Conventional Microcatheters in Embolization of BAVMs

used systemic anticoagulation with a bolus dose of 5000lU of Heparin followed up by
hourly doses of 1000lU maintaining Activated Clotting Time (ACT) between 250-300
seconds.

The microcatheter-wire assembly was navigated under roadmap guidance commonly
into the most accessible dominant feeder supplying the nidus. Once the arterionidal
junction was reached, flow was assessed with superselective angiograms and the
microcatheter position was further refined to achieve as close to a wedged position as
possible. If wedging did not occur, we created a pseudowedged effect by creating a small
plug of Onyx/Squid around the microcatheter tip to prevent reflux around the
microcatheter tip and enhance antegrade percolation into the nidus (plug creating
technique).

Embolization was continued as long as nidal percolation occurred without the embolic
agent entering into a draining vein or refluxing around the microcatheter tip. When either
of these occurred, flow was redirected by briefly pausing the injection for time periods
always <2minutes and then resumed. The mode of injection was usually continuous with
intermittent pulses to allow for flow redirection. Multiple feeders were accessed in the
same or a consequent sitting if there was an unsatisfactory outcome with embolization
from a single feeder.

Embolization was terminated if the angiographic endpoint of complete occlusion was
reached or prior to that in the event of failure of further percolation, persistent flow of the
embolic agent into a draining vein occurred, significant reflux occurred at the
microcatheter tip or a further embolization of a large volume AVM was deemed to be of
high risk in a single sitting. The microcatheter was retrieved using controlled traction. If
retrieval was not possible despite repeated sustained attempts, the microcatheter was cut
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at the groin and left in situ. The patient was started on a single antiplatelet (aspirin 150mg

OD) and continued for varying periods depending on presence of clinical symptoms and

the status of the feeding vessel at follow-up invasive angiography.

Any residue of the AVM was treated with SRS if it was deep or in an eloquent region
while more superficial residue were treated by surgery.

Outcomes

Primary outcomes measured were:

e Final angiographic obliteration rate: This was visually graded by the 2
neurointerventionists and retrospectively corroborated into 4 grades of obliteration:
Complete (100% obliteration), Near-complete (80-95%) obliteration, acceptable (50-80%
obliteration) and unsatisfactory (<50% obliteration)?8. These were dichotomized into
good angiographic outcome (any obliteration between 80-100%) or poor angiographic
outcome (<80%) obliteration. Rates of obliteration were classified based on Spetzler
Martin grading of AVMs and a size classification by maximal diameter (A/B/C - <3cms,
3-6cms and >6cms) and idealized spherical diameter grade (a/b/c - <2cms, 2-4cms and
>4Cms).

¢ Injection duration and volume of embolic agent injected.

e Number of feeders through which embolization was done till embolization was
terminated for any of the reasons outline above.

Secondary Outcomes measure were

e Technical Safety:

o Rate of detachment of the tips of the newer detachable microcatheters.

Incidence of unintended premature detachment.
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o Rates of catheter entrapment resulting in retention of the microcatheter in
situ.
o Other technical complications such as microcatheter rupture resulting
Onyx/Squid extravasation.
e (linical outcomes
o Rates of hemorrhage or non-hemorrhagic ischemic neurological deficits
related to embolization.

Statistical Analysis:

IBM SPSS software v22 was used for statistical analysis.

e Distribution of SM grades across group 1 and 2 were tested for using independent
sample Kruskal Wallis test.

e Statistical significance of rates of obliteration (categorical variables) between 2 groups
were tested for using 2-tailed Fisher exact test.

e Statistical significance of rates of volume and durations of injections (continuous

variables) were tested for using ANOVA (Analysis of One way Variance).
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RESULTS

Population Variables Population Categorization Outcomes
Retrospective Study Detachable Angiographic
Study Duration: 7.5 years 4 Microcatheters A Complete or
(1:tJan, 2010— 31 July 2017) (n=56) \ Near Complete
/ N\
.  EVOHOnly Obliteration
Groun 1 & 7 (n=56+6=62)
4 PL ye I Inadequate
. i 4 EVOH+Glue Obliteration
184 patients embolized / W D | (n=4)
i (n=86)
/ t Percolati
55 patients excluded [ ‘ \ / ercofation
* 23 -Pial AV fistulae / € Sessions
* 22 -En-passage feeders / Both SM Grade
+ 15-Glue embolization | / Microcatheters | | Feeders
- / (n=10) Size Grade
/ 4 I
‘ / \| Excluded from analysis, Injection
/ (cannulated but Volume
v / v notinjected, n=1) \
116 patients included | csD \ Duration
T L . / \
A (n=4) - EVOH Onl ‘
N\ p n
\ (n=37+4=41) ‘ Safety
4 | ‘ i
i Group 2 | . EVOH + Glue \ Tech”?'
Patient Population Description - s (n=8) y  Complications
« Demographics y Cf)nventlonal I Clinical
« Clinical Presentation Microcatheters Complications
* Location of AVM (n=37)

Figure 2: Study flow.AV=Arteriovenous Malformation, D=Detachable tip microcatheter, C=Conventional microcatheter, D>C
or C>D = patients where both microcatheters were used, but one more predominantly over the other. EVOH=Ethyl vinyl
alcohol based embolic agent, SM=Spetzler-Martin grade, n=number.

A. PATIENT POPULATION PARAMETERS

A total of 184 patients were taken up for embolization between 1t January, 2010 to
30t July, 2017. Of these 55 patients were excluded due to non-embolizable (en-passage)
feeders at superselective angiography (23 patients), purely fistulous architecture (12
patients) or sole of use of glue for targeted embolization (20 patients). Hence a total of
116 patients were included in the final analysis.

I Demographic Profile:
Age Characteristics
Average Age: 29.35 years, Range: 5 to 65 years. Most patients were in the 3 or 4™ decade

with only 6 patients being <10 years of age.
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Age Group (Years) 0-10 11-20 2130 3140 4150 51-60 6170 Total
No. of Patients 4 30 33 20 20 8 1 16
Table 3: Age distribution of patient population.

Age Distribution

40
35
30
25
20
15
10

Graph 1: Distribution of age by decadal groups within the study population.

Sex Distribution: 68 (58.6%) of patients were male while 48 patients (41.3%) were

female(check sum).
Clinical Presentation:

The most common presentation was that of acute intracranial hemorrhage,
followed by epilepsy and chronic episodic headaches. Of patients with other
miscellaneous presentations, 2 patients presented with insidious gradually progressive
visual deterioration along with other features of raised intracranial pressure. 1 patient
presented with features mimicking carotid cavernous fistula with proptosis and
conjunctival chemosis; this patient had drainage of the AVM into the ophthalmic veins. 1
patient with an unbled cerebellar AVM presented with ataxia. Another patient with a
cerebellar AVM presented with features of trigeminal neuralgia secondary to

neurovascular conflict by a hypertrophied superior cerebellar artery.
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Intracranial hemorrhage 68 (58.6%)
Seizures 31(26.7%)
Headaches 11(9.4%)
Incidental 1(0.8%)
Other Presentations 5(4.3%)
TOTAL 116

Table 4: Spectrum of presentations in study population.

Clinical Presentation

80
70
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50
40
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20
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Seizures Headaches Incidental Miscellaneous

Graph 2: Most common presentations of AVMs in the study population.

I. AVM Characteristics

Location

Frontal 24
Parietal 26
Temporal 9
Occipital 15
Frontoparietal 4
Temporoparietal 5
Parieto-occipital 3
Temporo-occipital 7
Basal Ganglia, Thalamus, Corpus Callosum 4
Intraventricular (Choroidal) 10
Cerebellar 9
TOTAL 116

Table 5: Location and number of AVMs by region.
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A. TREATMENT DATA

Treatment Sessions & Feeders Cannulated

A total of 175 feeders were cannulated in the 116 AVMs. Of these, feeders that were
embolized with NBCA (12 with conventional microcatheters, 1 with Sonic) were not
included in analysis. 2 feeders cannulated with Apollo and Marathon in a single patient
were also excluded from analysis due to premature unintended tip detachment and
catheter blockage respectively. Thus a total of 115 AVMs were embolized via 160 feeders
using EVOH (table 6).

Of these 115 AVMs, 66 (57.3%) AVMs were treated solely or predominantly with detachable
microcatheters while 49 (42.6%) were treated solely or predominantly with conventional

microcatheters(table 6).

Total 115 66 (57.3%) 49 (42.6%)

Table 6: Total number of AVMs treated exclusively or predominantly by detachable tip microcatheters (group 1) and
exclusively or predominantly by conventional microcatheters (group 2).

EVOH Only EVOH + Glue EVOH Only EVOH +Glue
1a 1b 1c 2a 2b 2C
Detachable D>C Detachable Conventional csD Conventional

S F S F S F S F S F S F

10 10 1 2 - - 8 9 - - 2 2
22 23 5 6 1 1 1 16 3 5 3 4
17 20 - - 3 3 15 18 2 3 3 3
" " 5 7 4 4 7 9 2 2
60 64 1 15 8 8 42 54 5 8 10 1

1.07 114 183 2.44 2.0 2.0 113 158 125 2 125 137

Total Avg.

Sessions & 1.63/1.86 1.21/1.65
Feeders
Table 7: Number of Sessions (S) and Feeders (F) utilized for embolization averaged by treatment groups.
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Microcatheters Utilized

Amongst the 162 feeders, an equal number were cannulated using the 2 types of
microcatheters. The most common microcatheter amongst the detachable group was
Apollo, used in 49/81(60.4%) of feeders with the rest being Sonic (32/81, 39.6%). Amongst
the conventional microcatheters, Marathon was used in nearly all cases, 76/81

(93.8%)(table 8).

Sonic 32

81(50%)
Apollo 49
Marathon 76
Ultraflow 4 81(50%)
Scepter XC 1
Total No. of feeders 162

Table 8: Microcatheters used by number of cannulations of feeders

Embolic Agent Utilized

Onyx was more commonly used embolic agent. 62.6% of AVMs and 65% of feeders were
embolized with Onyx while the rest 36.5% of AVMs and 35% of feeders were embolized
with Squid. A single patient underwent embolization with both Squid and Onyx in 2

sessions (table 9 and 10).

1a [Detachable (EVOH Only)] 28 1 2
SCIT | [D>C (EVOH Only)] 2 4
! 1c [Detachable (EVOH+Glue)] 1 3
2a [Conventional (EVOH Only)] 9 28
Group | >b [C>D (EVOH Only)] 0 4
2 2c [Conventional , 6
(EVOH+Glue)]
TOTAL (115 AVMs) 42 (36.5%) 1(0.8%) 72 (62.6%)

Table 9: Embolic agent used by number of patients/AVMs.
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1a [Detachable (EVOH Only)] 36 28

Group I oo (EVOH only)] 5 10

! 1c [Detachable (EVOH+Glue)] 2 6

2a [Conventional (EVOH Only)] 1 43

e 2b [C>D (EVOH Only)] 0 8

2 2¢ [Conventional (EVOH+Glue)] 2 9
TOTAL (160 Feeders) 56 (35%) 104 (65%)

Table 10: Embolic agent used by number of feeders cannulated.

Spetzler Martin Grading

Majority of patients belonged to SM Grades Il & Il (63.4%). No significant difference in
distribution of SM Grades was noted between Group 1and Group 2 (p=0.406, Kruska Wallis

test) (table 11 and 12; graph 3).

I 22 (18.2%) 11 (16.7%) 10 (20.4%)
I 37(31.3%) 23 (34.8%) 14 (28.5%)
[} 36 (31.3%) 18 (27.2%) 18 (36.7%)
v 21(18.2%) 14 (21.2%) 7 (14.2%)
v 1(0.8%) 0 (0%) 1(2%)
Total 115 66 (57.3%) 49 (42.6%)

Table 11: Distribution of AVMs across SM grades in whole population and categorized by treatment groups.

SM Grade Distribution
25

20

15
10
5
0 1
0 ___B ___& ___B ___R —
I I 1] v v

B Groupl M Group?2

Graph 3: Distribution of AVMs across SM grades in the treatment groups
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1b 1c 2a 2b pd
Detachable D>C Detachable Conventional D Conventional
[ 10 1 0 8 0 2
] 20 2 1 10 2 2
[} 17 0 1 13 2 3
v 9 3 2 5 0 2
Vv 0 (0] (0] 1 (0] (0]
Total Pts. 56 6 4 37 4 8

Table 12: Distribution of AVMs across SM grades subcategorized by treatment groups
Size Grading

When considering the maximal dimension of the AVMs, when graded similar to the
Spetzler Martin gradation, the majority of AVMs were <3cms in size (49.5%). There was no
significant difference in distribution of SM size grade between Groups 1 and 2 (p=0.368,

Kruska Wallis test)(table 13).

A (<3cms) 57 (49.5%) 34 (51.5%) 23 (46.9%)

B (3-6cms) 56 (48.6%) 31(47%) 25 (51.0%)

C (>6cms) 2 (1.7%) 1(1.5%) 1(2.1%)
Total 115 66 49

Table 13: Distribution of AVMs by maximal dimension across the whole study population and categorized by treatment
groups.

When considering the idealized spherical diameter of the AVMs, when graded
similar to the Spetzler Martin gradation, the majority of AVMs were between 2-4cms in
size (46.9%). There was no significant difference in distribution of SM size grade between

Groups 1and 2 (p=0.368, Kruska Wallis test).

a (<2cms) 44 (38.2%) 26 (39.3%) 18 (36.7%)

b (2-4cms) 66 (57.3%) 38 (57.6%) 28 (57.2%)

¢ (>4cms) 5 (4.3%) 2 (3.1%) 3 (6.1%)
Total 115 66 49

Table 14: Distribution of AVMs by idealized spherical diameter across the whole study population and categorized by
treatment groups.
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Distribution by Maximal Size Grade
60.0%
50.0%
40.0%
30.0%
20.0%

10.0%
1.5% 2.1%

A (<3cms) B (3-6cms) C (>6cms)

0.0%

B Groupl ™ Group?2

Graph 4: Distribution by Maximal Dimension of AVMs between groups 1and 2.

Distribution of
Idealized Spherical Diameter Grade
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Graph 5: Distribution by Idealized Spherical Diameter of AVMs between groups 1and 2.

B. TREATMENT OUTCOMES

Overall Rates of Complete or Near Complete Obliteration

In the complete study population, a total of 11/115 (9.5%) AVMs were completely
obliterated by embolization alone, while 36/116 (31.1%) of AVMs had near complete
obliteration (80-95% obliteration) with embolization alone making a total number of 47/115

(40.8%) patients having a good angiographic outcome.
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Complete angiographic cure of 100% obliteration was reached in 9/66 (13.6%) in
group 1and in 2/40 (4.1%) in group 2. However, this was not statistically significant (p=0.2,
Fisher test).

In group 1 embolized solely or predominantly by detachable tip microcatheters, a
good angiographic outcome (both complete and near complete obliteration) was reached
in 33/66 patients (50%) as compared to group 2 AVMs embolized solely or predominantly
by conventional microcatheters, good angiographic outcome was reached in 14/49
patients (28.6%). Statistical significance for good angiographic outcome was significant

(p=0.0229, Fisher test).

Complete (100%)  8/66 12.4% | 2/49 4.1% 10 8.6
Good (80-100%) 33 50.0% 14 28.6% 47 40.8%
Poor (<80%) 33 50.0% 35 71.4% 68 59.1%
Total 66 100.0% 49 100% 15 100%
p=0.0229

Table 15: Good angiographic outcomes (80-100% nidus obliteration) by categorized by treatment groups and of the the whole
study population.

Good Angiographic Outcome

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% s ——

Group 1 Group 2

B Good M Poor

Graph 6: Number of patients with Good angiographic outcome in Group 1 and 2.
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Obliteration Rates by SM Grade

For subgroup analysis by SM grade, the single SM Grade 5 lesion in group 2 was
excluded from analysis since no comparable grade was embolized in group 1.

Although detachable microcatheters performed better reaching a good
angiographic outcome in a numerically larger number of cases in every category of SM
grade, this was a trend for only for SM Grade 2 (p=0.09) and 3 (p=0.07) lesions. Rates of

complete obliteration at any grade of AVM were not statistically significant between the 2

groups.

. Growpi  Groupz

_ N % N % N p Value
1 8/ 72.7 7/10 70 19 1.00
1 12/23 52.1 3/14 21.4 34 0.09
1] 8/18 44.4 3/18 16.6 32 0.07
v 5/14 35.7 2/6 33.3 17 1.00
Total 66 50% 48 29.1 14 100.0

Table 16: Rates of good angiographic outcome by SM Grade.

Good Angiographic Outcome by SM Grade

80.0%
70.0%
60.0%

50.0%

40.0%

30.0%

20.0%

0.0% I — I — I — S
[ [ If [

HGroupl M Group?2

\Y

Graph 7: Rates of good angiographic outcomes between groups 1 and 2.
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Obliteration Rates by Size Grade

When graded by their maximal size, group 1 embolized solely or predominantly by
detachable tip microcatheters produced better rates of good angiographic outcome than
group 2. This was statistically significant however, only for 3-6cms sized AVMs(table 17, 19;
graph 8).

When graded by their idealized spherical diameter, Group 1 AVMs again had better
angiographic outcomes at any diameter <4cms, but this was statistically significant only

for AVMs whose diameters were between 2-4cms (table 19, graph 9).

N % N % N p Value
A (<3cms) 21/34 61.7 11/23 47.8 57 0.43
B (3-6cms) 12/31 38.7 3/22 13.6 53 0.03
C (>6cms) o/1 ) o/1 0 2 1.00
Total 33/66 50 49 28.5 115

Table 17: Good angiographic outcome by SM maximal size grades.
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Group Group 1 Group 2
Subgrou 1a 1b 1c 2a 2b 2¢
group Detachable D>C EVOH+ Glue Conventional (@4)) EVOH + Glue

SM Grade | I u v o vor n o v v .r i u v v ol I m v v r . m v v 1 iniu v v

100% 3|3 |2 1 2

80-95% 4 6 1 3 1 1 4 1 3 01 1 11
Overall Outcome 50-80% 36|53 2 1 213 |3 |1 2 T

<50% 34 5 1 6 7 3 1 1 1 21

Total 10 20 17 9 1|2 3 101 2 8 10 13 5 1 2| 2 223 |1
Dichotomized Good(>80%) | 7 11 8 1 1.0 3 1.0 1 6 1 3 1 o0 10 111 0 o©
Outcome Poor(<80%) 3 9 9 8 0 2 0 o 1|1 2 9 10 4 1 1| 2 10131
Total Good (>80%) 31 2 12 2
Subcategory Poor (<80%) 31 2 29 5
Total EVOH only & Good (>80%) 33 14
EVOH + Glue Poor (<80%) 33 35

Table 18: Outcomes of embolization subcategorized by the treatment groups.
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Graph 8: Good angiographic outcome by SM maximal size grades.

N % N p Value
a (<2cms) 18/26 69.2 10/18 55.5 46 0.52
b (2-4cms) 15/38 39.4 424 16.6 54 0.03
c (>4cms) 0/2 0 0/3 0 15 1.00
Total 33/66 ‘ 50% 14/49 ‘ 39.2 15 ‘

Table 19: Good angiographic outcome by idealized spherical diameter grades.
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20%
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Good Angiographic Outcome by
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Graph 9: Good angiographic outcome by idealized spherical diameter grades.
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Volume of Embolic Agent Injected vs. Type of Microcatheter

Overall, 1.68%1.41cc of either Squid or Onyx was injected in 151 feeders. Disregarding
groups, 69 feeders were cannulated using detachable tip microcatheters while 82 feeders
were cannulated using conventional microcatheters. A significantly higher volume of
embolic agent was injected using detachable tip microcatheters (p<0.001, independent

samples t-test)(table 20).

Feeders 69 82
Volume 2.18cc, SD 1.26, 1.26, SD 1.41
Overall 1.68cc, SD 1.41

p<0.001

Table 20: Volumes of Squid or Onyx injected for each feeder cannulated between detachable tip and conventional
microcatheters.

Duration of injection of Embolic Agent vs. Type of Microcatheter

Overall, embolization was carried out for 42.98 * 29.84 minutes per feeder. A
statistically significantly were higher with detachable tip microcatheters (54.05 *
27.9mins) than conventional microcatheters (33.65 * 28.34mins) (p<0.001, independent

samples t-test)(table 21).

Feeders 69 82

Duration 54.05mins, SD 27.9mins, 33.65mins, SD 28.34mins
Overall 42.98 mins SD 29.84mins

P<0.001

Table 21: Durations of Squid or Onyx injection for each feeder cannulated between detachable tip and conventional
microcatheters.

Detachment of Tip occurring in Detachable Tip Microcatheters
The Sonic microcatheter tended to detach less often (36.3%) than the Apollo microcatheter
(59.1%). There were 2 cases of entrapment of the Sonic microcatheter that occurred, both

due to reflux beyond the detachment zone. Both were cut at the groin and left in situ.
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Patients were started on single antiplatelet therapy with no clinical consequences(table

22).
Sonic 12/33 36.36% 2/33
Apollo 29/49 59.1% 0/49

Total Feeders 82

Table 22: Detachment of tips of the Sonic and Apollo microcatheters.

C. SAFETY OUTCOMES

Technical Complications

Entrapment of the microcatheter occurred in 8 embolizations. Six of these were
with conventional microcatheters (all Marathon) while 2 occurred with Sonic
microcatheters due to excessive reflux beyond the detachment zone. 5 entrapments
occurred in medium sized AVMs (maximal dimension grade B and spherical diameter grade
b) while 3 occurred in small sized AVMs. The difference in grade or size of AVMs who had
catheter entrapment was not statistically significant. All patients were started post-
procedurally on single antiplatelets. None of these patients developed clinical deficits on

follow-up (table 23).

Spetzler Martin Grade

1 2

1 2

1 3

v 1

Size Grade (Both maximal dimension or spherical diameter)
Ala 3

B/b 5

Clc 1

TOTAL 8

Table 23: Number of entrapped microcatheters by AVM SM grade and Size/Diameter grades.
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One case of catheter rupture occurred with a marathon microcatheter leading to
intravasation of onyx within the vertebrobasilar arteries. This required to be retrieved
using a Solitaire stentriever. One case of premature unintended detachment of the tip
occurred with an Apollo microcatheter. The rates of technical complications, while higher

with conventional microcatheters, did not reach statistical significance (p=0.228) (table

24).
Complications Microcatheter Number Outcome
Retained microcatheter Marathon 6 All started on single
Sonic 2 antiplatelets.
No clinical complications
Premature Detachment Apollo 1 Solitaire retrieval,
no clinical sequelae
Blockage Marathon 1 Same patient as prematurely
detached Apollo,
Procedure abandoned
Catheter Rupture Marathon 1 Solitaire retrieval of onyx

Non-target embolization -
Cerebellar infarcts,
Permanent mild clinical
neurological deficits

Rate of complications

per patient . .

& per procedure 11/116 (9.4%) 11/162 (6.7%)

(feeder)

Total Complication Rate

per microcatheter

e Detachable 3/69 (4.3%) p=0.228

e Conventional 8/82(9.7%)

Table 24: Complications encountered in study population.

Clinical Complications

Clinical complications occurred in 6 patients with the most common complication
being Intraprocedural hemorrhage (3 patients). Intraprocedural hemorrhage occurred in

an 11-year-old child with an SM grade 2 lesion towards the end of near complete Onyx
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embolization which was unrelated to the use of the Apollo microcatheter and was likely
due to rupture of an intranidal aneurysm. The patient was taken up for emergent
craniotomy and developed mild contralateral hemiparesis subsequently. Two other
patients had asymptomatic small intranidal hemorrhages that were managed
conservatively with no clinical consequences. Post-procedural hemorrhage developedin a
case of a 59 year old male with an SM grade 4 lesion who underwent embolization with
6ml of Onyx using a Sonic microcatheter resulting in near complete obliteration. The
patient was asymptomatic in the immediate post-procedure period but developed
depression of sensorium a few hours later with CT revealing a large intraparenchymal
hematoma. He underwent emergent craniotomy and evacuation with residual
neurological deficits. A third case of intraprocedural rupture occurred in an 18-year-old
female with an SM grade 2 lesion that occurred during navigation of a second feeder after
partial embolization in the same session with a Marathon microcatheter. The size of the
hematoma was small however and she was conservatively managed with no clinical

deficits. We had no incidences of hemorrhage related to catheter retrieval.

Complication with permanent neurological deficits Number of Patients

Intraprocedural hemorrhage 3 (1 asymptomatic)

Post-procedural hemorrhage 1

Infarction 2

Total 6/116 (5.2%)
Morbidity rate 4.3%

Complications without neurological deficits Number of Patients

Feeder thrombosis 1

Draining vein secondary thrombosis 1

Seizures 1

Total 3/115 (2.6%)

Non-neurological Complications Number of Patients

Common femoral artery thrombosis 1

Total 1(0.86%)
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Table 25: Spectrum of complicaitons encountered during treatment.

Infarction occurred in two patients. One was the patient previously described who had
catheter rupture leading to intravasation of onyx into the vertebrobasilar system resulting
in cerebellar infarcts and subsequently developed mild ataxia.

Post-procedural new-onset seizures unrelated to hemorrhage or infarction occurred in a
24-year-old male who underwent Squid embolization using an Apollo microcatheter
resulting in complete obliteration in a single sitting of an SM grade 2 lesion. The patient
was started on antiepileptic medications and was subsequently seizure free with no

clinical deficits.

Adjuvant Treatment

Of the 11 patients with complete obliteration achieved by embolization alone, 10
patients had undergone follow-up angiographies at an average of 6.4months (range 1-
14months) post-treatment. No recurrences were noted in this patient group.

Amongst both groups, a total of 36 patients had near complete obliteration of their
AVMs achieved by embolization. The majority, 21 patients, underwent stereotactic
radiosurgery (SRS), 3 underwent surgical resection and the rest were either awaiting
adjunctive treatment or, in the case of unruptured AVMs or high grade AVMs, conservative
management with clinical follow-up was planned. Amongst those who underwent surgery,
one patient underwent emergent hematoma evacuation with combined AVM resection
for development of Intraprocedural hemorrhage. Of the patients who underwent SRS,
follow up DSA was available in 13 (61.9%) patients. Nine patients (69.2%) had no residue at
a mean of 21.8 months (range 12-43 months) post SRS. Four patients had residues, albeit
with a reduction of varying degrees at an average of 30 months (range 18-48 months) post

SRS.
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Of the patients with grade 2 (50-80% obliteration), 18 patients underwent SRS. One of
these patients had bleeding during the latency period requiring surgery with development

of clinical deficits. She later underwent surgical resection of the residual AVM as well.

Awaiting Adjunctive
Obliteration Grade No. SRS Surgery Treatment /
Conservative management
4 (100% obliteration) 10 0 0 10
3 (80-95% obliteration) 37 21 3 13
2 (50-80% obliteration) 33 18 1 14
1(<50% obliteration) 36 20 0 16
Total 116 59 4 53

Table 26: Other modalities of treatment utilized in patient cohort.
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REPRESENTATIVE
CASES
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REPRESENTATIVE CASES: Small Sized AVMs

Case 1: This 22 year old male patient with seizures secondary to an SM grade 1 AVYM (maximal dimension 2.7cms, idealized
spherical diameter of 2.2cms) underwent embolization with 3.4ml of Onyx over 85 minutes through a single feeder

cannulated using the Sonic microcatheter resulting in complete obliteration. No recurrence was noted at the 3 month
check DSA.

Case 2: This 22 year old male patient with lobar hemorrhage secondary to an SM grade 3 AVYM (maximal dimension 2.2cms,
idealized spherical diameter of 2.1cms) underwent embolization with 1ml of Squid over 45 minutes through a single feeder

cannulated using the Apollo microcatheter resulting in near-complete obliteration with minimal deep residue. The patient
underwent SRS and is awaiting a check angiography.
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REPRESENTATIVE CASES: Medium Sized AVMs

Case 3: This 50 year old female patient with intraventricular hemorrhage secondary to an SM grade 3 choroidal AVM (maximal
dimension 3.1cms, idedlized spherical diameter of 2.2cms) underwent embolization with 2.3ml of Onyx over 70 minutes
through a single feeder cannulated using the Apollo microcatheter resulting in complete obliteration. No recurrence was
noted at the 11 month check DSA.

Case 4: This 28 year old male patient with intracranial hemorrhage secondary to an SM grade 2 AVM (maximal dimension
3.1cms, idealized spherical diameter of 2.7cms) underwent embolization with 9.1ml of Onyx via 2 feeders over a total of 175
(75+100) minutes using the Sonic microcatheters resulting in near-complete obliteration. She is planned for SRS.

50|Page



Detachable Tip vs. Conventional Microcatheters in Embolization of BAVMs

REPRESENTATIVE CASES: Microcatheter Retrieval with Tip Detachment

Case 5: This is the video frame capture of an Apollo microcatheter being retrieved with sustained traction over 1 minute
resulting in a nidal movement of 4mm with detachment of the tip after embolization for 85 minutes. Retieval was
uneventful with no clinical complications.
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REPRESENTATIVE CASES: Complications

Conventional Microcatheter Entrapment

Case 6: This patient underwent embolization using a Marathon microcatheter with 2.5ml of Onyx injected over 55 minutes.
Catheter entrapment occurred with the catheter cut at the groin. No clinical complications.
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REPRESENTATIVE CASES: Complications

Detachable Tip Microcatheter Entrapment

Case 7: This SM grade 1 lesion was embolized with 1.5ml of Onyx over 50 minutes. Note reflux of onyx beyond the
detachment zone of this Sonic microcatheter.

Case 8: Another case of Sonic entrapment occurring due to reflux beyond the detachment zone during Squid embolization
of a dural feeder of an SM grade 2 AVM. Glue cast from prior targeted embolization is visible within the rest of the nidus
and draining veins.
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REPRESENTATIVE CASES: Complications

Intraprocedural Hemorrhage

Case 9: This 11 year old boy with seizures developed an intraparenchymal hematoma towards the end of near complete
embolization of his SM grade 2 lesion. He underwent emergent craniotomy with evacuation of hematoma and resection of nidal
remnants. Check DSA 3 months later shows no residual AVM.
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REPRESENTATIVE CASES: Complications

Marathon Rupture with Onyx Intravasation

Case 10: This 25 year old female with an SM grade 2 cingulate AVM underwent embolization with a Marathon microcatheter.
After obliteration of a significant portion of the nidus, sudden intravasation of the onyx occurred into the basilar top and right
V4 vertebral artery. This was removed using the Solitaire stentriever successfully. However, the patient developed mild
cerebellar signs secondary to infarcts of the AICA.
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DISCUSSION

56|Page



Detachable Tip vs. Conventional Microcatheters in Embolization of BAVMs

DISCUSSION

The present study is a retrospective analysis of the medical, imaging and treatment
related records of all patients with brain AVMs who underwent liquid embolization at our
institution between January 1%, 2010 to July 31t 2017 with an aim to study the efficacy and
safety of detachable tip microcatheters as compared conventional microcatheters in the
endovascular treatment of this disease entity.

A 116 patients with brain AVMs who underwent liquid embolization primarily with
EVOH based embolic agents were included in the study. This is a relatively large sample
size with only 2 other studies by Peirot et al"” and Saatci et al>' who included 117 and 350
patients respectively in their series on the efficacy of Onyx embolization having larger
study populations(table 1) The only other study to compare detachable tip and
conventional microcatheters by Maimon et al had a much smaller sample of 43 patients3’.
Strauss et al. did not compare different types of microcatheters, but merely described
their experience with the Sonic in their cohort of 92 patients, 68 of whom had completed
treatment.

Most patients (58.6%) presented with hemorrhagic stroke, consistent with natural
history studies of AVMs. Most natural history studies in the 1980s reported a hemorrhagic
presentation of over 70%°%3, a trend that has persisted, albeit at a reduced rate after the
introduction of non-invasive imaging at 45-72% (median 52%) in more recent large
series®64%5, This is also consistent with the most common age group to which patients
belonged which was the 3™ and 4 decade, when hemorrhage was most likely to occur®®.

The study population was divided into 2 groups: those who underwent
embolization exclusively or predominantly with detachable tip microcatheters (group 1)

and those who underwent embolization exclusively or predominantly with conventional
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microcatheters (group 2). These groups were subdivided on the basis of exclusive use of
each type of microcatheter (group 1a and 2a), predominant use of each type of
microcatheter (group 1b and 2b) and those for whom adjunctive targeted glue
embolization was also performed (group 1c and group 2c¢). No significant difference in the
Spetzler-Martin grade or size grade was found between the 2 major groups on statistical
analysis — an important consideration when comparing results between these 2 groups.

Overall, patients underwent embolization over an average of 1.42 sessions with 1.75
feeders. This is largely consistent with most studies reporting between 1.2 to 2.5 sessions
per patient'. When comparing only group 1a and 2a (i.e. embolized exclusively using EVOH
agents and either detachable tip or conventional microcatheters only), fewer sessions and
feeders were required (1.07 sessions and 1.14 feeders versus 1.13 sessions and 1.58 feeders).
However, the overall number of sessions required and feeders cannulated in Group 1(1.63
and 1.86) was slightly higher as compared to Group 2 (1.21 and 1.65). This could be
explained by the fact that in general, more feeders were cannulated in the other groups
due to multiple factors such as poor percolation, cannulation of smaller supplementary
feeders and multiple targeted glue injections. Importantly it must be noted that the
number of sessions or feeders need not necessarily be a good indicator of the efficacy of
embolization since a staged embolization is considered prudent in order to avoid ischemic
or hemorrhagic complications, particularly in large AVMs?°.

49 feeders were cannulated using the Apollo microcatheter, 32 with the Sonic
microcatheter while 76 feeders were cannulated using the Marathon microcatheter. This
is the largest series to involve using the Apollo microcatheter to date, while the only other

large series to use the Sonic microcatheter were Maimon et al with 93 cannulations in 43
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patients3’ and Strauss et al with 233 cannulations in 92 patients*°. Most other large series
have used the Marathon microcatheter3®5'.

Onyx-18 was the chief embolic agent used in 72 (62.6%) of patients as compared to
Squid 12/18 which was used in 42 (36.5%) of patients. A single patient was embolized using
both embolic agents. This is the largest case series as yet to utilize Squid with the only
other descriptions being that of small series of multiple vascular lesions and tumors®” and
single case reports®® all of whom recorded no complications related to the embolic agent.
The use of Onyx in the embolization of brain AVMs has been well established®3%. We
included at total of 12 patients, (4 in group 1, 8 in group 2), who underwent targeted
embolization with NBCA glue since in all cases this did not result in a significant degree of
nidal obliteration. The only study to compare detachable tip and conventional
microcatheters also used adjunctive glue in a small number of their cases (3 of 43
patients).

The Spetzler-Martin grade of an AVM is an important predictor of curative
embolization, with lower grades having a higher chance of complete obliteration'*°. The
percentage of SM grades I/II/lI/IV/V distributed amongst the entire study population was
18.2/31.3/31.3/18.2/0.8%. The majority were SM grade Il and Il with equal numbers in each,
while the rest were equally distributed in SM grades | and IV with only 1 case of SM grade
V. This distribution is largely consistent with most other studies(table 27), however,

Maimon et al and Strauss et al had a larger proportion of high grade SM IV and V AVMs>%37,
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Study SM Grade (I/1I/111/1V/V) Distribution (%)
He et al, 20055 0/23/46/23/9
Mounayer et al, 2007® 5/37/41/17/1
Katsaridis et al, 200832 7/18/39/33/4
Panagiotopoulous et al, 20095° 59 (1, 1)/ 16 (1) [ 7 (1V, V)
Maimon et al, 200937 7/12/21/32/28
Xu et al, 201158 3/15/52/22/7
Abud et al, 201159 18/29/35/18/0
Saatci et al, 20115 15/30/28/20/7
Pierot et al, 2013" 17/38/24/21/1
Strauss et al, 2013*° 30 (I, 1) /24 (1) [ 46 (1V, V)
Present study 18/31/31/18/1

Table 27

The SM grade utilizes the maximal dimension of an AVM to classify them as small
(<3cms), medium (3-6cms) and large (>6cms) with an aim to predict risk of surgical
morbidity®. This classification of maximal size is also a predictor of curative
embolization'77°. However, considering this important variable, a few recent studies
mention this in their description of AVMs in their study populations. However, amongst
the studies that do mention size, not all of them ascribe to this same classification.
Mounayer et al graded the maximal diameters of AVMs not as per the SM system, but by
a size of <2cms, 2-4cms and >4cms?®. A smaller volume of an AVM, <6cg, is also considered
a predictor of curative embolization™. However, instead of using volume as a rather
obscure predictor of obliteration, we calculated an idealized spherical diameter calculated
from the volume®®®'. We adopted a classification of this idealized diameter into <2, 2-4 and
>4cms since a volume of 6cc calculates into an idealized diameter of 2.25cms. We also
classified AVMs as per the SM grade classification. A near equal number of AVMs in our
study were <3cms (49.5%) and between 3-6cms (48.6%) in size with only 2 niduses that
were larger than 6cms (1.7%). With regards to idealized spherical diameter, a majority of

niduses were between 2-4cms in diameter (57.3%) with the remaining being <2cms (38.2%)
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and >4cms (4.3%). Both in terms of maximal dimension and idealized spherical diameter no
statistically significant difference was present between group 1 and 2, thus allowing a
comparison of results between these 2 cohorts.

We classified a good angiographic outcome as those that achieved complete
obliteration (100%) and near complete obliteration (>80%) similar to Katsaridis et al38.
Additionally, in all cases of near-total obliteration, similar to the findings of Mounayer et
al, we found that the residual niduses were <2cms in size, a dimension that corresponded
with a higher rate of success of stereotactic radiosurgery (SRS) without an increased risk
of poorer clinical or radiographic outcomes?®7%72, This classification of good angiographic
outcome is hence apt for our study since the primary intent of embolization in our institute
is predominantly adjunctive, with the residues being treated by stereotactic radiosurgery
(SRS) or microsurgery.

We achieved complete obliteration of the nidus in a total of 11/116 patients (9.2%), with
a higher number reached in group 1(8/66, 12.1%) than in group 2 (2/40, 4.1%), although this
difference was not statistically significant. All AVMs were in SM grades I-lll. This
obliteration rate is at the lower end of the spectrum of most other studies that utilized
Onyx which averaged around a 30% rate of curative embolization with a range between
13-54% (table 1)'7:20:515557:58 This may be explained by our less aggressive approach with a
primarily adjunctive embolization of brain AVMs. Ten of these 11 patients who achieved
complete embolization underwent follow-up angiographies at an average of 6.4months
(range 1-14months) post-treatment with no recurrences in this patient group. This rate of
permanent cure by embolization is better than most other studies who reported

recurrences usually of 1.1%5' to 20%°35° to as high as 100%%2.
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We achieved near-complete obliteration in 36/116 (31.1%) of patients in our study,
concordant with similar rates achieved by Katsardis et al3® of 34.6% and Mounayer et al?®
of 38%.

Thus, in total, we achieved a good angiographic outcome of 40.5%. This outcome
was statistically better in group 1 than in group 2 with rates of 50% and 28.6% respectively
(p=0.02, Fischer test). No other study compares the angiographic outcomes between
these 2 types of microcatheters. Maimon et al was the only other study to compare
detachable tip (specifically Sonic) microcatheters to conventional microcatheters focused
instead on the volumes of onyx injected by each microcatheter type and not efficacy?’.
Strauss et al, also used the Sonic microcatheter in the majority of their cases, but did not
compare obliteration rates between the two2°.

When subclassified by SM grade, no significant differences were seen between the
obliteration rates (good angiographic outcome) with only a trend seen with SM grade II
and lll lesions, i.e. predominantly low grade lesions. This is consistent with similar results
of higher rates obliteration with lower grade AVMs as found by Strauss et al*® and Jordan
et al’°.

When subclassified by maximal dimension, a statistically significant difference was
found in rates of good angiographic outcome for medium sized (3-6cms) AVMs with 39.7%
achieved with detachable tip microcatheters as compared to 13.6% with conventional
microcatheters (p=0.03). A similar result was found when outcomes were subclassified by
idealized spherical diameter of the AVMs with a statistically higher proportion of AVMs
having a good angiographic outcome with detachable microcatheters (39.4%) rather than
conventional microcatheters (16.6%)(p=0.03). This information may have important
financial connotations especially in resource poor environments. No other studies have
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compared the efficacy between the different types of microcatheters with regards to the
sizes of AVM niduses.

A statistically higher volume of liquid embolic agent was injected via detachable
microcatheter (2.18+1.26¢c) than conventional microcatheters (1.26+1.41cc)(p<0.001). This
is consistent with the results of Maimon et al who had comparable volumes of onyx
injected with Sonic and Marathon (2.5+2.2ml and 1.7+1.3ml respectively, p<0.05)3’. We
found a similar result with regards to the duration of injection with longer durations with
detachable tip microcatheters than conventional microcatheters (54.05 + 27.9mins vs
33.65 * 28.34mins, p<0.001). This has not been compared in the study by Maimon et al.
However, this duration of injection is higher than prior studies with durations of injection
with conventional microcatheters varying between 3-72 minutes (mean 24 minutes)?.

The Sonic microcatheter detached in 36.3% of embolizations with Onyx or Squid,
while the Apollo microcatheter detached in 59.1% of cannulations. In the 2 cases of
retention of the Sonic microcatheter, both were due to excessive reflux reaching beyond
the detachment zone during our initial experience with this microcatheter. Both patients
were started on single antiplatelet therapy with no clinical consequences. While both
Maimon et al and Strauss et al, the 2 largest studies involving the use of the Sonic
microcatheter do not report detachment rates, both had reported the same single case of
Sonic retention similar to our case, where reflux extended beyond the detachment
zone?®37. Ozturk et al also did not have detachment of the tip of the Sonic microcatheter
after 16 minutes of NBCA injection in their case report#'. The small case series involving the
use of the Apollo microcatheter by Altschul et al and Paramasivam et al reported

detachment in 25.9% and 45% of cases respectively4647.
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We had a total of 11 technical complications in a 116 patients, with 162 cannulations
(feeders) (9.4% per patient, 6.7% per cannulation). The most common complications was
unintended catheter entrapment in 8 patients with no clinical consequences. These
entrapments were more common when we embolized medium sized AVMs but this was
not statistically significant. The microcatheter was in situ of for an average of 34.3minutes
(range 15-55 minutes) to inject an average of 1.2ml (range 0.4 to 2.5ml) of onyx or squid.
One case of premature detachment occurred with the Apollo microcatheter. No clinical
consequences. Catheter blockage with a Marathon microcatheter occurred in the same
patient. Maimon et al reported that catheter entrapments tended to occur in their cohort
more commonly if they injected for a period of >50 minutes3’. Permanent clinical morbidity
in the form of mild cerebellar ataxia occurred in one patient with rupture of a Marathon
microcatheter leading to non-target embolization of the vertebrobasilar arteries
necessitating mechanical retrieval with a Solitaire stentriever. Fewer technical
complications occurred when using the detachable microcatheter (4.3% vs. 9.7% with
conventional microcatheters), suggestive of a better safety profile, but this was not
statistically significant (p=0.228, Fischer test).

Clinical complications occurred in 6 patients, with 4 of these being intraparenchymal
hemorrhages, 2 of them resulting in mild permanent neurological deficits. None were
related to catheter entrapment with one case likely being due to normal pressure
perfusion breakthrough in the post-procedure period. The other 2 clinical complications
were those of strokes, with both patients developing mild clinical neurological deficits.
One occurred due to unintended parent vessel embolic agent leakage due rupture of a

Marathon microcatheter.
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Thus the total morbidity rate in our cohort was 3.4% per patient. No mortalities
occurred. This favors comparably with most other studies whose morbidity/mortality rate
ranged between 6.8 to 17.7%2%26:38:4553,56,

Adjuvant treatment: 21 patients underwent stereotactic radiosurgery (SRS) with 9
patients confirmed to have nidus obliteration, while 3 underwent complete surgical
resection of residues. These rates of obliteration with SRS and surgery are compatible with
prior studies”3.

When we analyze the mode of our treatment approach to our patients with AVMs,
we adopted relatively less aggressive strategy of primarily adjunctive embolization prior
to radiosurgery or microsurgery. While our rates of curative embolization were relatively
low at 9.2%, our rates of good angiographic outcome of nidal obliteration >80% was at 41%.
Commensurate with our conservative approach we had a relatively low morbidity rate of
3.4% per patient, which is lower than that of most studies utilizing Onyx, and significantly
lower than that of the often criticized ARUBA trial which had morbidity and mortality rates
of 30.7%'. As noted by Jayaraman et al., surgery and radiosurgery both have higher cure
rates of near 100% and up to 70% respectively with complication rates of 10-15% and <10%
respectively, and therefore cautioned the universal application of curative intent in the
embolization of AVMs73. Our results compare favourably both with the safety profile of
other modalities as well as the natural history of the disease.

Limitations.

This analysis includes but does not account for learning curves of the

interventionists in our institute with the use of both new embolic agents as well as the

detachable tip microcatheters.
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CONCLUSION
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CONCLUSION

In summary, our retrospective analysis of a 116 patients showed that a statistically
higher rate of good angiographic outcome was reached with the use of detachable tip
microcatheters than with conventional microcatheters in the adjunctive liquid
embolization of brain AVMs. Detachable tip microcatheters also allowed higher volumes
of embolic agent to be injected over more prolonged durations with fewer technical and
clinical complications. Further detachable tip microcatheters allowed significantly better

obliteration rates particularly in medium sized AVMs rather than in small sized AVMs.

68|Page



Detachable Tip vs. Conventional Microcatheters in Embolization of BAVMs

REFERENCES

69|Page



Detachable Tip vs. Conventional Microcatheters in Embolization of BAVMs

10.

1.

12.

13.

14.

15.

16.

17.

18.

REFERENCES

Arteriovenous malformations of the brain in adults. N Engl J Med. 1999;340(23):1812-
1818.

Geibprasert S, Pongpech S, Jiarakongmun P, Shroff MM, Armstrong DC, Krings T.
Radiologic assessment of brain arteriovenous malformations: what clinicians need
to know. Radiographics. 2010;30(2):483-501.

Peschillo S, Caporlingua A, Colonnese C, Guidetti G. Brain AVMs: an endovascular,
surgical, and radiosurgical update. ScientificWorldJournal. 2014;2014:834931.
Bendok BR, El Tecle NE, El Ahmadieh TY, et al. Advances and innovations in brain
arteriovenous malformation surgery. Neurosurgery. 2014;74 Suppl 1:560-73.
Majumdar M, Tan LA, Chen M. Critical assessment of the morbidity associated with
ruptured cerebral arteriovenous malformations. J Neurointerv Surg. 2016;8(2):163-
167.

Friedlander RM. Clinical practice. Arteriovenous malformations of the brain. N Engl
J Med. 2007;356(26):2704-2712.

Kim H, Al-Shahi Salman R, McCulloch CE, Stapf C, Young WL. Untreated brain
arteriovenous malformation: patient-level meta-analysis of hemorrhage predictors.
Neurology. 2014;83(7):590-597.

Stapf C, Mast H, Sciacca RR, et al. Predictors of hemorrhage in patients with
untreated brain arteriovenous malformation. Neurology. 2006;66(9):1350-1355.
Knopman J, Stieg PE. Management of unruptured brain arteriovenous
malformations. Lancet. 2014;383(9917):581-583.

Mohr JP, Parides MK, Stapf C, et al. Medical management with or without
interventional therapy for unruptured brain arteriovenous malformations
(ARUBA): a multicentre, non-blinded, randomised trial. Lancet. 2014;383(9917):614-
621.

Al-Shahi Salman R, White PM, Counsell CE, et al. Outcome after conservative
management or intervention for unruptured brain arteriovenous malformations.
JAMA. 2014;311(16):1661-1669.

Luessenhop AJ, Spence WT. Artificial embolization of cerebral arteries. Report of
use in a case of arteriovenous malformation. J Am Med Assoc. 1960;172:1153-1155.
Potts MB, Zumofen DW, Raz E, Nelson PK, Riina HA. Curing arteriovenous
malformations using embolization. Neurosurg Focus. 2014;37(3):E19.

Crowley RW, Ducruet AF, McDougall CG, Albuquerque FC. Endovascular advances
for brain arteriovenous malformations. Neurosurgery. 2014;74 Suppl 1:574-82.
Valavanis A, Pangalu A, Tanaka M. Endovascular treatment of cerebral
arteriovenous malformations with emphasis on the curative role of embolisation.
Interv Neuroradiol. 2005;11(Suppl 1):37-43.

Baskaya MK, Heros RC. Indications for and complications of embolization of
cerebral arteriovenous malformations. J Neurosurg. 2006;104(2):183-186; discussion
186-187.

Pierot L, Cognard C, Herbreteau D, et al. Endovascular treatment of brain
arteriovenous malformations using a liquid embolic agent: results of a prospective,
multicentre study (BRAVO). Eur Radiol. 2013;23(10):2838-2845.

Cronqvist M, Wirestam R, Ramgren B, et al. Endovascular treatment of
intracerebral arteriovenous malformations: procedural safety, complications, and

70|Page



Detachable Tip vs. Conventional Microcatheters in Embolization of BAVMs

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

results evaluated by MR imaging, including diffusion and perfusion imaging. AJNR
Am J Neuroradiol. 2006;27(1):162-176.

Yu SC, Chan MS, Lam JM, Tam PH, Poon WS. Complete obliteration of intracranial
arteriovenous malformation with endovascular cyanoacrylate embolization: initial
success and rate of permanent cure. AJNR Am J Neuroradiol. 2004;25(7):1139-1143.
Strauss I, Frolov V, Buchbut D, Gonen L, Maimon S. Critical appraisal of
endovascular treatment of brain arteriovenous malformation using Onyx in a series
of 92 consecutive patients. Acta Neurochir (Wien). 2013;155(4):611-617.

Wikholm G, Lundqvist C, Svendsen P. Embolization of cerebral arteriovenous
malformations: Part |-Technique, morphology, and complications. Neurosurgery.
1996;39(3):448-457; discussion 457-449.

Weber W, Kis B, Siekmann R, Kuehne D. Endovascular treatment of intracranial
arteriovenous malformations with onyx: technical aspects. AJNR Am J Neuroradiol.
2007;28(2):371-377.

Fournier D, TerBrugge KG, Willinsky R, Lasjaunias P, Montanera W. Endovascular
treatment of intracerebral arteriovenous malformations: experience in 49 cases. J
Neurosurg. 1991;75(2):228-233.

Valavanis A, Yasargil MG. The endovascular treatment of brain arteriovenous
malformations. Adv Tech Stand Neurosurg. 1998;24:131-214.

Brothers MF, Kaufmann JC, Fox AJ, Deveikis JP. n-Butyl 2-cyanoacrylate--substitute
for IBCA ininterventional neuroradiology: histopathologic and polymerization time
studies. AJNR Am J Neuroradiol. 1989;10(4):777-786.

Mounayer C, Hammami N, Piotin M, et al. Nidal embolization of brain arteriovenous
malformations using Onyx in 94 patients. AJNR Am J Neuroradiol. 2007;28(3):518-
523.

Henkes H, Nahser HC, Berg-Dammer E, Weber W, Lange S, Kuhne D. Endovascular
therapy of brain AVMs prior to radiosurgery. Neurol Res. 1998;20(6):479-492.

Jafar JJ, Davis AJ, Berenstein A, Choi IS, Kupersmith MJ. The effect of embolization
with N-butyl cyanoacrylate prior to surgical resection of cerebral arteriovenous
malformations. J Neurosurg. 1993;78(1):60-69.

Niimi Y, Berenstein A, Setton A. Complications and Their Management During NBCA
Embolization of Craniospinal Lesions. Interv Neuroradiol. 2003;9(Suppl 1):157-164.
N-butyl cyanoacrylate embolization of cerebral arteriovenous malformations:
results of a prospective, randomized, multi-center trial. AJNR Am J Neuroradiol.
2002;23(5):748-755.

Vinuela F, Dion JE, Duckwiler G, et al. Combined endovascular embolization and
surgery in the management of cerebral arteriovenous malformations: experience
with 101 cases. J Neurosurg. 1991;75(6):856-864.

Vinuela F, Duckwiler G, Guglielmi G. Contribution of interventional neuroradiology
in the therapeutic management of brain arteriovenous malformations. J Stroke
Cerebrovasc Dis. 1997;6(4):268-271.

Gobin YP, Laurent A, Merienne L, et al. Treatment of brain arteriovenous
malformations by embolization and radiosurgery. J Neurosurg. 1996;85(1):19-28.
Yamashita K, Taki W, Iwata H, et al. Characteristics of ethylene vinyl alcohol
copolymer (EVAL) mixtures. AJNR Am J Neuroradiol. 1994;15(6):1103-1105.

71|Page



Detachable Tip vs. Conventional Microcatheters in Embolization of BAVMs

35.

36.

37-

38.

39-

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Howington JU, Kerber CW, Hopkins LN. Liquid embolic agents in the treatment of
intracranial arteriovenous malformations. Neurosurg Clin N Am. 2005;16(2):355-363,
iX-X.

Ayad M, Eskioglu E, Mericle RA. Onyx: a unique neuroembolic agent. Expert Rev
Med Devices. 2006;3(6):705-715.

Maimon S, Strauss |, Frolov V, Margalit N, Ram Z. Brain arteriovenous malformation
treatment using a combination of Onyx and a new detachable tip microcatheter,
SONIC: short-term results. AJNR Am J Neuroradiol. 2010;31(5):947-954.

Katsaridis V, Papagiannaki C, Aimar E. Curative embolization of cerebral
arteriovenous malformations (AVMs) with Onyx in 101 patients. Neuroradiology.
2008;50(7):589-597.

Hurst RW, Rosenwasser RH. Interventional neuroradiology. New York: Informa
Healthcare; 2008.

FDA. Catheter Entrapment with the ev3 Onyx Liquid Embolic System: FDA Safety
Communication. http://wayback.archive-
it.org/7993/20170722215748/https://www.fda.gov/MedicalDevices/Safety/Alertsan
dNotices/ucm310121.htm. Accessed 26/9/2017.

Ozturk MH, Unal H, Dinc H. Embolization of an AVM with acrylic glue through a new
microcatheter with detachable tip: an amazing experience. Neuroradiology.
2008;50(10):903-904.

Karl Sutherland EHS, Vitas Jonal Siplellis, Mark Anthony Siminuk, Brian Michael
Strauss, Inventor; Covidien LP, Mansfeld, MA (US), assignee. Detachable Tip
Microcatheter. 2014.

Turk A, Chaudry M, Turner R. P-010 Initial US experience with detachable tip
microcatheter for arteriovenous malformations. J Neurointerv Surg. 2012;4(Suppl
1):A26-A27.

Herial NA, Khan AA, Suri MF, Sherr GT, Qureshi Al. Liquid embolization of brain
arteriovenous malformation using novel detachable tip micro catheter: a technical
report. J Vasc Interv Neurol. 2014;7(5):64-68.

van Rooij WJ, Jacobs S, Sluzewski M, van der Pol B, Beute GN, Sprengers ME.
Curative embolization of brain arteriovenous malformations with onyx: patient
selection, embolization technique, and results. AJNR Am J Neuroradiol.
2012;33(7):1299-1304.

Altschul D, Paramasivam S, Ortega-Gutierrez S, Fifi JT, Berenstein A. Safety and
efficacy using a detachable tip microcatheter in the embolization of pediatric
arteriovenous malformations. Childs Nerv Syst. 2014;30(6):1099-1107.

Paramasivam S, Altschul D, Ortega-Gutiarrez S, Fifi J, Berenstein A. N-butyl
cyanoacrylate embolization using a detachable tip microcatheter: initial
experience. J Neurointerv Surg. 2015;7(6):458-461.

Chapot R, Stracke P, Velasco A, et al. The pressure cooker technique for the
treatment of brain AVMs. J Neuroradiol. 2014;41(1):87-91.

Abud DG, de Castro-Afonso LH, Nakiri GS, Monsignore LM, Colli BO. Modified
pressure cooker technique: An easier way to control onyx reflux. J Neuroradiol.
2016;43(3):218-222.

Altschul D, Biswas A, Nakhla J, Echt M, Gordon D. Novel double catheter technique
with detachable microcatheter for the treatment of arteriovenous malformations:
A technical note. Surg Neurol Int. 2016;7(Suppl 41):51072-S1074.

72|Page



Detachable Tip vs. Conventional Microcatheters in Embolization of BAVMs

51.

52.

53.
54.
55.

56.

57-

58.

59-

60.

o1.

62.

63.

64.

65.

66.

67.

Saatci I, Geyik S, Yavuz K, Cekirge HS. Endovascular treatment of brain
arteriovenous malformations with prolonged intranidal Onyx injection technique:
long-term results in 350 consecutive patients with completed endovascular
treatment course. J Neurosurg. 2011;115(1):78-88.

He HW, Jiang CH, Liu HB, Li YX, Zhang JB, Wu ZX. Endovascular treatment of
cerebral arteriovenous malformations with Onyx embolization. Chin Med J (Engl).
2005;118(24):2041-2045.

Perez-Higueras A, Lopez RR, Tapia DQ. Endovascular Treatment of Cerebral AVM:
Our Experience with Onyx. Interv Neuroradiol. 2005;11(Suppl 1):141-157.

Song D, Leng B, Gu Y, et al. Clinical Analysis of 50 Cases of BAVM Embolization with
Onyx, a Novel Liquid Embolic Agent. Interv Neuroradiol. 2005;11(Suppl 1):179-184.
van Rooij WJ, Sluzewski M, Beute GN. Brain AVM embolization with Onyx. AJNR Am
J Neuroradiol. 2007;28(1):172-177; discussion 178.

Panagiotopoulos V, Gizewski E, Asgari S, Regel J, Forsting M, Wanke I. Embolization
of intracranial arteriovenous malformations with ethylene-vinyl alcohol copolymer
(Onyx). AJNR Am J Neuroradiol. 2009;30(1):99-106.

Pierot L, Januel AC, Herbreteau D, et al. Endovascular treatment of brain
arteriovenous malformations using onyx: results of a prospective, multicenter
study. J Neuroradiol. 2009;36(3):147-152.

Xu F, NiW, Liao Y, et al. Onyx embolization for the treatment of brain arteriovenous
malformations. Acta Neurochir (Wien). 2011;153(4):869-878.

Abud DG, Riva R, Nakiri GS, Padovani F, Khawaldeh M, Mounayer C. Treatment of
brain arteriovenous malformations by double arterial catheterization with
simultaneous injection of Onyx: retrospective series of 17 patients. AJNR Am J
Neuroradiol. 2011;32(1):152-158.

Pasqualin A, Barone G, Cioffi F, Rosta L, Scienza R, Da PR. The relevance of anatomic
and hemodynamic factors to a classification of cerebral arteriovenous
malformations. Neurosurgery. 1991;28(3):370-379.

Yamada S, Brauer FS, Colohan AR, et al. Concept of arteriovenous malformation
compartments and surgical management. Neurol Res. 2004;26(3):288-300.
Crawford PM, West CR, Chadwick DW, Shaw MD. Arteriovenous malformations of
the brain: natural history in unoperated patients. J Neurol Neurosurg Psychiatry.
1986;49(1):1-10.

Ondra SL, Troupp H, George ED, Schwab K. The natural history of symptomatic
arteriovenous malformations of the brain: a 24-year follow-up assessment. J
Neurosurg. 1990;73(3):387-391.

Halim AX, Johnston SC, Singh V, et al. Longitudinal risk of intracranial hemorrhage
in patients with arteriovenous malformation of the brain within a defined
population. Stroke. 2004;35(7):1697-1702.

Yamada S, Takagi Y, Nozaki K, Kikuta K, Hashimoto N. Risk factors for subsequent
hemorrhage in patients with cerebral arteriovenous malformations. J Neurosurg.
2007;107(5):965-972.

Spetzler RF, Kondziolka D, Higashida RT, Kalani MYS. Comprehensive management
of arteriovenous malformation of the brain and spine.

Akmangit I, Daglioglu E, Kaya T, et al. Preliminary experience with squid: a new
liquid embolizing agent for AVM, AV fistulas and tumors. Turk Neurosurg.

2014;24(4):565-570.

73|Page



Detachable Tip vs. Conventional Microcatheters in Embolization of BAVMs

68.

69.

70.

71.

72.

73

Pereira VM, Marcos-Gonzalez A, Radovanovic |, et al. Transvenous embolization of
a ruptured deep cerebral arteriovenous malformation. A technical note. Interv
Neuroradiol. 2013;19(1):27-34.

Spetzler RF, Martin NA. A proposed grading system for arteriovenous
malformations. J Neurosurg. 1986;65(4):476-483.

Jordan JA, Llibre JC, Vazquez F, Rodriguez RM. Predictors of total obliteration in
endovascular treatment of cerebral arteriovenous malformations. Neuroradiol J.
2014;27(1):108-114.

Nerva JD, Barber J, Levitt MR, et al. Onyx embolization prior to stereotactic
radiosurgery for brain arteriovenous malformations: a single-center treatment
algorithm. J Neurointerv Surg. 2017.

Sousa EC, Teixeira MJ, Piske RL, et al. The Role of Preradiosurgical Embolization in
the Management of Grades lll, 1V, and V Arteriovenous Malformations. Front Surg.
2016;3:37.

Jayaraman M, Cloft HJ. Embolization of brain arteriovenous malformations for
cure: because we could or because we should? AJNR Am J Neuroradiol.
2009;30(1):107-108.

74|Page



Detachable Tip vs. Conventional Microcatheters in Embolization of BAVMs

ANNEXURES

75|Page



Detachable Tip vs. Conventional Microcatheters in Embolization of BAVMs
PROFORMA
Sree Chitra Tirunal Institute for Medical Sciences & Technology
Proforma for “A Comparative Study of Detachable Tip Microcatheters

Versus Conventional Microcatheters In Liquid Embolization of Brain
AVMs.”

General Instructions

e Pleasefillin all the questions.

e Write Yes [ No/ NA wherever applicable.

e |If the response is not known please write UK

e |[f additional info is available please elaborate

e Please use separate proforma for each admission

e If admission is for a post operative / intervention complication please go to section E
after completing the general information

A. GENERAL INFORMATION: Anonymized Patient ID:

B. CLINICAL DETAILS

Mode of Presentation
[Intracranial hemorrhage/ Seizures/ Headaches/ incidental/ others]

Examination findings

On initial examination

e GCS
e Extraocular movements
e (Cranial nerve palsies

e Weakness (if yes, specify)
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e Any other neurological findings

C. INVESTIGATIONS

D. Management

1) Protocol initiated

(Endovascular /[ Radiotherapy / Surgical) (state reason for choice if relevant)
2) If endovascular,

Date of procedure:

Which sitting of embolization:

3) Preprocedure work up:

Cross Sectional Imaging (CT / MRI)

Nidus:

e Location
e Type (Compact/ Sparse)
e Size

Other factors:

e Hemorrhage (present [ sequelae of past)

e Gliosis

4) Brief description of procedure:

e Selective Angiographic Evaluation:
i. Arterial territories supplying the AVM

ii. Feeding pedicles
iii. High-flow arteriopathy (stenoses, ectasias, flow-related aneurysms)

iv. Nidus (size, shape, location, flow, fistulas, ectasias, aneurysms)

77|Page



Detachable Tip vs. Conventional Microcatheters in Embolization of BAVMs

v. Venous drainage (territories, deep, superficial)
vi. Individual draining veins
vii. High-flow venous angiopathy (dural sinuses, venous stenoses, occlusions and
varices)
viii. Venous drainage of normal brain parenchyma.
e Superselective Angiographic Evaluation:
i. Distal feeding pedicles (anatomy, aneurysms, geometry, hemodynamics)
ii. Arterionidal junction
iii. Nidus (compartments, direct AV fistulas, plexiform regions, intranidal
ectasias, and aneurysms)
iv. Venonidal junction
v. Proximal aspects of the draining veins
e Embolization Data
i. Intent of embolization (i.e. Presurgical, Preradiotherapy, curative or palliative)
ii. Number and final selection of arterial feeder(s) through which embolization is
attempted.
iii. Choice of Embolization device used & its viscosity
iv. Choice of Microcatheter used
v. Nidus Obliteration achieved
vi. Total volume of EVOH Co-polymer injected per session & per patient
vii. Total time of injection of EVOH Co-polymer injected per session & per patient
viii. Technical difficulties (catheter related and embolic device related) encountered
during embolization — both by documentation in the operational records and by
interview of the operating interventionist (in prospectively evaluated cases)

ix. Number of sessions till complete embolization or till alternate modality used.

5) Technical Difficulties

e (Catheter Related
o Navigability
* Time taken for navigation
= Spasminduced?

* Change of microcatheter
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* [If changed, reason for change

o Liquid Embolization Injection related
* C(Clogging present
= Extent of reflux around microcatheter tip
= Percolation

o Retrieval Related
» Ease of retrieval (subjective)
= Degree of cast movement (subjective)
= Time taken for retrieval

e Liquid Embolic Device related

o Time taken for Precipitation

o Clogging

o Percolation through nidus

5) Intra-procedural complications:
Catheter Related

e Microcatheter puncture

e Microcatheter fracture

e (atheter tip premature dissociation

e Failure of microcatheter tip non-dissociation

Liquid Embolization related

e Accelerated precipitation

Intraprocedural hemorrhage / Extravasation of contrast

E. POST PROCEDURE COMPLICATIONS (elaborate if needed)

Clinical Status for first 24 hours post procedure

e Headache (Mild /| Moderate | Severe)
e Other symptoms
e Electrolyte imbalance (if yes, specify)

e Neurological deficit (if yes, specify)
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e Response to treatment :Complete recovery/ partial recovery/No improvement/
worsened

e Post-procedure intracranial hemorrhage

e If yes, Surgery required for hematoma evacuation?

Other Complications

Total Hospital Stay

Treatment Plan at discharge? : Clinical Follow-up alone /[ Further

embolization / Radiotherapy /Surgery
In case of Death:

e Time from initial presentation:

e Direct cause of death:

e Pre-treatment or post treatment:

e Whether death due to treatment related complication:

e Ifyes, elaborate the complication and duration of survival after treatment:

F. FOLLOW-UP OUTCOMES:

Clinical Follow Up:

e Subsequent OPD Follow Up record (as available):

Radiological Follow-Up:

e Date of Procedure:

e DSA findings:
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SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES & TECHNOLOGY,

Trivandrum, Kerala - 695011
DEPARTMENT OF IMAGING SCIENCES & INTERVENTIONAL RADIOLOGY

CONSENT FORM

TITLE OF THE STUDY: A Comparative Study of Detachable Tip Microcatheters Versus
Conventional Microcatheters In Liquid Embolization of Brain AVMs.

Study number: 8o.

You are being requested to join this study as you have a rare condition that results in abnormal
connections between blood vessels (arteries and veins) called an ArterioVenous Malformation
(shortform: AVM) within the brain. As per the treatment options outlined, you will be
undergoing liquid embolization with a substance that will block these abnormal connections.
The aim of this study is to evaluate the efficacy of embolization using different types of
catheters. This study does not affect the type of treatment that you will receive, but will only
assess observe and analyse the treatment procedure and outcomes. For this purpose, the data
from your clinical records, investigations, Embolization procedures and follow up
investigations will be accessed and analysed. This is to help refine and improve treatments for
people with the same kind of disease.

The treatment procedure and risks will be explained to you separately by the doctors
performing the procedure. If you like any more detailed information, we will be glad to discuss
further with you. We hope to include about 80 people from this hospital in this study.

What is this study for?

Liquid embolization of AVMs uses a long tube called a microcatheter that goes all the way from
the artery in your leg (where we usually put the needle) to the blood vessels of your brain.
After a safe position has been reached close to the AVM, a glue like substance is injected into
the AVM which solidifies and blocks the abnormal connections.

One of therisks associated with the older conventional type of catheters was that the catheter
tip itself may sometimes get stuck in the glue like substance, which makes retrieval of the
catheter difficult or impossible resulting in complications or need for surgery.

A newer type of catheter, one with a detachable tip has been recently made that has the
advantage that the catheter can still be retrieved even if glued to the AVM, leaving only a small
portion behind.

This project aims to study the efficacy and safety of these newer catheters in treatment of
AVMs.

How will I know what kind of catheter is being used for me?

All patients since the 2013 are being treated using the newer kind of detachable catheters since
we believe it to be safer. However this yet to be proven convincingly and hence our project
will be studying the safety and efficacy of these newer catheters in comparison to patients in
previous years, who were treated with older conventional catheters.

If you take part what will you have to do?

If you agree to participate in this study, you will not have to anything apart from the usual
protocol that is required for routine treatment. No change will be made in your treatment.
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Your personal identification will be kept confidential. We only require your permission to
access data and images of your treatment and progress.

Can you withdraw from this study after it starts?

Your participation in this study is entirely voluntary and you are also free to decide to withdraw
permission to participate in this study. If you do so, this will not affect your usual treatment at
this hospital in any way.

What will happen if you develop any study related injury?

The risks associated with treatment of AVMs will be explained by the doctor before your
procedure. This study does not change the treatment that is being given and is only an
observational study. Any complications that arise during the course of embolization will be
treated as per hospital protocol.

Will you have to pay for the catheters?

Yes, you will have to pay for the use of catheters, as they are approved for and already being
routinely used in the treatment of AVMs. This study only analyses the efficacy and safety of
these newer catheters.

What happens after the study is over?
This study will only review the details of treatment and its outcomes. You will asked to follow-
up with the hospital only as per routine treatment protocol.

Will your personal details be kept confidential?

The results of this study will be published in a medical journal but you will not be

identified by name in any publication or presentation of results. However, your

medical notes may be reviewed by people associated with the study, without your additional
permission, should you decide to participate in this study.

If you have any further questions, please ask Dr. Chinmay Nagesh (8547992347), Dr. Santhosh
Kannath or Dr. Jayadevan ER (0471-2528369/304) or email: chinmay@sctimst.ac.in
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Participant’s name: Date of Birth / Age (in years):

l )

son/daughter of (Please tick boxes).

[ ] Declare that | have read the above information provide to me regarding the study: A
Comparative Study of Detachable Tip Microcatheters Versus Conventional Microcatheters In Liquid
Embolization of Brain AVMs and have clarified any doubts that | had.

[ ]! also understand that my participation in this study is entirely voluntary and that | am free to
withdraw permission to continue to participate at any time without affecting my usual treatment
or my legal rights.

[ ]1also understand that the newer detachable catheters are used routinely in this hospital for the
treatment of AVMs and that this study will only observe its efficacy and outcomes.

[ 11 also understand that as these catheters are part of routine treatment, | still have to pay for
their use.

[ ]! understand that the study staff and institutional ethics committee members will not need my
permission to look at my health records even if | withdraw from the trial. | agree to this access

[ ]! understand that my identity will not be revealed in any information released to third parties or
published.

[ ]1 voluntarily agree to take part in this study.

[ ]! received a copy of this signed consent form.

Name: Name of witness:
Signature: Relation to participant:
Date: Date:

(Person Obtaining Consent)

| attest that the requirements for informed consent for the medical research project described in
this form have been satisfied. | have discussed the research project with the participant and
explained to him or her in nontechnical terms all of the information contained in this informed
consent form, including any risks and adverse reactions that may reasonably be expected to occur.
| further certify that | encouraged the participant to ask questions and that all questions asked
were answered.

Name and Signature of Person Obtaining Consent
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Group 1 (D)
11122 1 3 1 1 2 1 A 27 b 227 610 3 1 2 34 85 4 0 o 0 0 2 1 3
2 1 1 240 2 1 0 1 1 A 1.7 a 1.18 0.88 4 1 1 2.6 90 4 0 0 0 0 2 1 4
3 1 1 30 1 3 1 0 1 1 A 24 a 1.79 3.02 4 1 1 15 55 3 0 0 0 1 1
4 1 1 41 1 4 1 0 1 1 A 25 a 1.84 33 4 0 1 2 50 3 0 0 0 3 0
5 1 1 48 0 3 1 0 1 1 A 2 a 18 3.06 4 1 1 24 45 3 0 0 0 1 1
6 1 1 140 34 1 ] 1 1 A 18 a 13 115 4 1 2 13 55 4 0 ] 0 0 2 1 1
7 1 1 201 2,4 1 ] 2 1 A 2.2 b 2.02 4.35 4 ] 2 2.4 60 2 0 ] 0 2 2 1 12
8 1 1 430 4 2 0 1 1 A 12 a 089 037 4 0 1 04 30 2 0 0 0 1 1
9 1 1 281 2 3 0 1 1 A 26 a 18 3.09 4 1 1 14 55 2 0 0 0 1 1
101 1 380 2 1 0 1 1 A 26 a 16l 210 4 0 > 125 s0 3 0 0 0 1 1
1 1 1 11 1 2 1 4 2 A 25 b 211 4.98 4 0 2 395 120 3 0 1 1 2 1
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3 0 2 58 100 0 0 0 3 0
15 1 1 120 3 2 0 1 2 A 25 b 22 577 3 1 2 25 70 2 0 0 0 1 2 1 6
6 1 1 280 2 2 0 1 2 A 2.2 a 19 3.9 3 1 > 06 35 1 0 0 0 1 2 3 16
17 1 1 39 0 1 2 0 3 2 A 26 b 240 748 3 1 > 06 12 1 4 0 0 1 2 3 39
18 1 1 32 1 2 1 1 2 2 A 1.7 a 1.57 2.04 4 1 2 2 70 4 0 0 0 0 2 1 1
19 1 1 24 1 1 1 1 1 2 A 2 a 1.62 2.24 4 1 1 3.5 80 4 0 3 0 0 2 1 4
20 1 1 37 0 2 1 1 3 2 A 2.6 b 221 5.72 4 1 2 1.7 40 3 0 0 0 3 1
21 1 1 31 0 1 1 1 2 2 A 2 a 1.58 2.08 3 0 1 075 25 2 0 0 0 3 0
22 2 2 17 1 34 3 1 1 2 B 31 b 2.81 11.68 4 0 1 2.8 70 3 0 0 0 -
4 1 1 34 70 0 0 0 1 1
23 1 1 26 1 2 1 0 1 2 A 18 a 167 am 4 0 1 19 60 3 0 0 0 1 1
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25 1 1 24 1 24 1 1 1 2 A 2 a 169 256 4 1 1 245 65 4 0 0 0 0 0
672 2 70 3 1 1 1 2 A 26 b 214 52 4 0 1 36 65 _ 3 -
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27 1 1 27 1 12 2 1 3 2 A 2.7 b 2.52 8.43 4 1 1 3 55 3 0 0 0 3 0
281 1 34 0 34 1 1 2 2 A 14 a 1.24 1 4 1 1 035 20 2 0 0 0 1 2 1 13
29 1 1 21 0 2 2 0 1 2 A 2.1 a 1.89 3.59 4 0 1 0.65 30 1 0 0 0 3 0
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39 1 1 14 0 3 1 1 1 3 A 18 a 1.53 1.89 4 1 1 15 45 4 0 0 0 0 2 1 3
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67 1 1 42 0 4 1 0 2 1 A 17 a 136 132 1 X 2 1.6 40 4 0 0 0 0 2 1 12
68 1 1 38 1 1 1 0 1 1 A 18 a 1.63 23 1 X 2 0.6 20 4 1 0 0 1 6
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1 X 2 0.4 15 1 0 [ 1 0
75 1 1 330 2 1 ] 1 2 B 3.6 b 2.74 10.8 1 X 1 0.4 20 1 0 ] 0 1 1
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78 1 1 43 1 3 1 1 1 2 A 24 a 187 345 1 x 1035 15 1 0 0 0 1 2 3 13
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