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(PCT) using extra-soft Kaneka coils improves
embolization of high-grade cerebral
arteriovenous malformations: a technical note
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Abstract

Endovascular embolization techniques are showing an extraordinary potential to treat patients suffering from com-
plex neurovascular malformations. The embolization with liquid embolic agents via Onyx is a prominent approach to
treat arteriovenous malformation (AVM). However, intraoperative reflux of the liquid agents can be very challenging
and, thus, is impairing full success of endovascular treatment. A possible technique to prevent intraoperative endo-
vascular reflux is the pressure-cooker technique (PCT) utilizing coils to build a wedge proximal to the AVM. Few modi-
fications of the PCT have been developed in the recent years to improve effectiveness of embolization procedure.
Hereby, we present a novel PCT modification utilizing extra-soft Kaneka coils and glue to build well-fitting wedges.
After the application of extremely soft bare coils with high trackability, flexibility and crossability, liquid agents can be
injected with reduced reflux. We think the pressure-cooker technique with extra-soft Kaneka coils enables more effi-
cient embolization in even farther, tinier and more tortuous target vessels. This technical note presents two illustrative
patient cases with treatment-refractory, high-grade cerebral arteriovenous malformations which were successfully
treated via embolization with PCT in which the plug was formed with Kaneka coils.
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Introduction/Background

While a variety of approaches to treat arteriovenous mal-
formations (AVMs) have been developed, treatment of
cerebral AVMs is still a challenging task. Possible treat-
ment plans can contain endovascular embolization,
microsurgical resection and/or stereotactic radiosurgical
[16]. However, it still remains difficult for physicians to
identify accurately the right indications in each individual
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case [4]. In particular, minimal-invasive endovascu-
lar embolization via Onyx is an efficient and promising
approach to treat patients with AVMs and dural arterio-
venous fistulae (DAVF). This treatment is frequently used
in clinical life for different frameworks and for varying
target vessels in patients with AVMs. However, the tech-
nique must be adapted for the best outcome and for the
prevention of harmful complications.

For instance, reflux in endovascular embolization via
liquid agents like Onyx can lead to further complications
and, as well, to inefficient embolization of the malforma-
tion. One prominent technique to prevent reflux of liquid
agents is the pressure-cooker technique. The pressure-
cooker technique (PCT) was first described by Chapot
et al. as a promising technique to prevent intraoperative
reflux during embolization of AVMs by forming a plug in
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the feeding arteries prior to the tip of the embolization
catheter with injectable coils and glue [3]. And indeed,
several studies reported the benefits of using PCT [1, 7,
8].

Since in large or in high-flow feeders the exact posi-
tion of the flow coils cannot be controlled after injection
we altered the PCT by using coils that can be implanted
through a flow-directed microcatheter. The authors of
this paper find this variation of the PCT as a beneficial
approach to achieve more flexibility while maintaining or
even enhancing the efficiency of the procedure.

In this technical note, we describe a reflux-preventing
approach via pressure-cooker technique using bare coils
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and glue based on two clinical cases of AVM patients we
have successfully treated.

Clinical presentation

First case

The first patient is a 22-year-old male who became symp-
tomatic for the first time in 2017 through a general-
ized epileptic seizure. Initially, to clarify the seizure, the
patient underwent diagnostic computed tomography
(CT), brain magnetic resonance imaging (MRI) and digi-
tal subtraction angiography (DSA) in which a high-grade
temporal, left-sided AVM (4.5 x 3 x 2 cm, Spretzler-Mar-
tin Grade III [15], was diagnosed (Figs. 1, 2). The patient

Fig. 1 Images showing the temporal, left-sided AVM in initial soft-tissue CT in sagittal (upper level, left) and in axial (upper level, right) and coronal

(lower level, left) in T2-MRI with Gadolinium (GD) injection
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Fig. 2 T2-MRI with GD in axial (upper level, left) and in coronal (upper level, right) and initial DSA in sagittal (lower level, left) and in coronal (lower

level, right) showing the temporal AVM from 2017

was free of seizures due to medication (Keppra 1 g 1-0—
1) until January 2019. In January 2019, the patient was
again hospitalized due to a partially complex seizure.
Possible reasons for the seizure were missing compli-
ance for taking anti-epileptic medication, lack of sleep
or intake of alcohol (positive provocation test). As part
of the interdisciplinary neurovascular conference in July
2019, an embolization therapy was recommended which
the patient has agreed on.

Second case
The second patient is a 20-year-old female who became
symptomatic due to a first, focal epileptic seizure in the

left arm and headaches in 2013. After clinical evalua-
tion and medical imaging, we found a central, high-grade
AVM (Spetzler-Martin-Grade 4) in the right hemisphere
(Figs. 3, 4). This patient underwent several partial embo-
lization due to the size of the AVM.

Technical description

In both patients, the PCT with wedges consisting of
Kaneka coils and glue was performed (Fig. 5). Patients
were under general anesthesia with endotracheal intu-
bation, and they received full heparinization (70 IU/kg).
Transfemoral access was performed with a 6-French
(patient 1) and an 8-French (patient 2) guiding catheters
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Fig. 3 Pre-operational T2-MRI with gadolinium (GD) injection

via Seldinger technique. Subsequently, we pushed a guid-
ing catheter (Benchmark) through a diagnostic catheter
(5-French, 125 cm) with standard wire to probe the left
arteria vertebralis. After this, we inserted a further guide
catheter (053 Neuron Intracranial access system) through
exchange via a standard wire with diagnostic catheter
(5-French, 125 c¢m) to probe the arteria vertebralis on the
right side. Then, arteriography-series in posterior-ante-
rior (PA) from lateral and in 3D were captured. Since in
large or in high-flow feeders the exact positioning of the
flow coils cannot be controlled after injection we altered
the PCT by using coils that can be implanted through a
flow-directed microcatheter (Fig. 5).

First patient

In the first patient, a micro-wire and a microcatheter
(Marathon and Apollo 1.5-French, TIP 1.5 c¢m) were
placed in a dominant feeder as close as possible to the
nidus. In the microcatheter injection, a flow to the pos-
teromedial compartment of the nidus was present.
Subsequently, a coil-embolization (Kaneka coil 3D,
2.5 mm x 6 mm) and liquid embolization (0.1 ml NBCA
1:1) through a Marathon-microcatheter in proximal posi-
tion with wedge-building (pressure-cooker technique)
were achieved (Fig. 6). Afterward, a further liquid embo-
lization (2.5 ml Onyx 18 and 20) with penetration of
the nidus and with closure of the feeders was executed
successfully.

Then, we probed further dominant feeders of pos-
terolateral compartment of the nidus via micro-wire
and microcatheter (Marathon and Apollo 1.5 French,
TIP 1.5 cm). A further liquid embolization injec-
tion (1.3 ml Onyx 20 and 18) under flow-arrest with

pressure-cooker technique (Kaneka coil 3D, 4 mm x 6 cm
and 2 mm x 6 cm) was achieved. In the control-series a
complete embolization of the posterior compartment
and a major part of the central compartment could be
visualized (Fig. 7).

Second patient

In the second patient, several partial embolization
without PCT were performed prior to the third and last
embolization with PCT via coils (Fig. 8).

In the DSA, the fronto-parietal rest-AVM on the right
side showed dominant feeders from the arteria cerebri
media and from the arteria cerebri anterior. Thereto,
we explored the arteria cerebri media via microcath-
eter (Marathon-Flow-directed, 162 cm) and micro-wire
(Asahi Chikai 10). Patient showed no motoric impair-
ment after provocation test with Lidocaine (20 mg)
and Etomidate lipuro (1.0 mg). Then injection of liq-
uid agents (Onyx 18, 1.5 ml) close to the feeders and
with moderate penetration of the nidus was performed.
After exploration via microcatheter (Apollo 1.5 French,
3 c¢cm) and micro-wire (Asahi Chikai 10), we attempted
coil-embolization (Kaneka coil 3D, 3 mmx3 cm,
3 mmx6 cm, 4 mm x 6 cm) and liquid embolization
(NBCA, 1:1) through microcatheter (Marathon) in
proximal position with wedge-building (PCT, Fig. 9).
Following liquid embolization (1 ml Onyx20 and 3 ml
Onyx18) via microcatheter (Apollo 1.5 French, 3 cm)
in distal position with closure of the feeders and with
appropriate penetration of the nidus was proceeded. In
the DSA, it could be shown that a 30-40% reduction of
the AV-shunt flow could be reached (Fig. 10).



Yuksel et al. Egyptian Journal of Neurosurgery (2023) 38:14

Fig. 4 Digital subtraction angiography (DSA) and volume-rendering technique

hemisphere

Discussion

Several reports have presented the PCT and differ-
ent modifications of the technique [3, 7, 8, 10]. The
pressure-cooker technique showed to be very reliable
for intraoperative prevention of reflux of liquid agents
in endovascular embolization. In addition, it could be
seen that different modifications are performed more
efficiently when indications were chosen carefully and
when the setting, which is set by the pathology, is giv-
ing the right framework for application of the specific
PCT modification. We see certain advantages of this
modified version of the transarterial PCT:
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.

(VRT) illustration of the high-central, right-sided AVM in right

We can reach more into farther and tinier vessels
with extra-soft Kaneka coils compared to other
wedge-modalities of the PCT

Due to the extra-soft configuration, we can place
the Kaneka coils more proximal to the nidus than
before and, thereto, we reach better embolization
performance

Due to the extra-soft configuration, we can build
wedges with higher density and, thereto, we reduce
the collateral damage of healthy vessels by reflux of
liquid agents
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Fig. 5 Visualization of the pressure-cooker technique via intraarterial coiling-wedge. a Placement of the Kaneka coil wedge, AP view, b Illustration
of the microcatheters and coil wedge placements, AP view, ¢ Diagrammatic sketch of transarterial PCT

When to consider transarterial PCT with coiling-wedge
modification

The PCT is an efficient approach to prevent endovascu-
lar reflux of liquid agents in liquid embolization. How-
ever, the different modifications of the PCT are more
applicable for certain AVMs and DAVFs. The size, loca-
tion, intravascular flow-attributes and the surrounding
structures, which project on patient symptomology, are
important factors to determine the appropriate tech-
niques. We have identified these factors as important
indicators for PCT with coiling-wedge modification:

+ In cases of far and/or tiny feeder-vessel structures
+ In cases of large and high-flow feeders in which the
exact positioning of the flow coils can be difficult

after injection Fig. 6 Angiographic imaging of positioning the coil wedge, AP view
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Fig. 7 DSA images before (left) and after (right) of embolization via PCT with Kaneka coil wedge in lateral view

Fig. 8 DSA imaging. After first (left, AP view) and second (right, lateral view) embolization without PCT

+ high-grade AVMs (Spetzler-Martin-Grade > 3)
+ hemorrhagic AVMs/DAVFs

Is the usage of detachable microcatheter recommended?

As shown in some reports, the usage of a detachable
microcatheter can have several advantages and disadvan-
tages [6, 14]. The detachment can require more physical
power than expected and, therefore, lead to unexpected
damage of the surrounding structures [12]. However, the
usage of detachable microcatheter can help to embolize

more efficiently and more completely the surrounding
and draining vessels [13].

Conclusions

We found that transarterial embolization via modified
pressure-cooker technique (PCT) with one or multiple
wedges leveraging extra-soft Kaneka coils enabled suc-
cessful treatment of patients with high-grade AVMs. In
our cases, we presented multiple patients with treatment
refractory AVMs which could be successfully treated
by utilizing a modern and modified PCT to maximize
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Fig. 9 DSA imaging. Microcatheter injection in MCA branch, a before and b after building a wedge of coils and glue in lateral view

Fig. 10 DSA imaging. Before and after embolization with PCT via Kaneka coils in lateral view

embolization effect. Thus, the authors consider this mod-
ification of the PCT to enhance outcome of treatment
refractory high-grade AVM patients.

Abbreviations

AV Arteriovenous

AVM Arteriovenous malformation
DAVF Dural arteriovenous fistula

DSA Digital subtraction angiography
GD Gadolinium

PCT Pressure-cooker technique

MRI Magnetic resonance imaging
NBCA N-butyl cyanoacrylate
VRT Volume-rendering technique
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