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Changes in the Intraaneurysmal Pressure Due
to HydroCoil Embolization

Gédor Cantén, David I. Levy, and Juan C. Lasheras

BACKGROUND AND PURPOSE: The purpose of this study was to measure the changes in the
intraaneurysmal fluid pressure and parent vessel flow characteristics resulting from packing
the aneurysmal sac with hydrogel-coated coils.

METHODS: Platinum coils coated with an expansible hydrogel were used to embolize a
silicone model of the basilar tip aneurysm. The intraaneurysmal fluid pressure was measured
with a NeuroCare Camino Pressure Micro-Probe at various packing ratios. A programmable
pulsatile pump was used to input a physiologically relevant pulsatile flow in the parent artery.

RESULTS: The intraaneurysmal fluid pressure did not increase when packing the aneurysm
with hydrogel-coated platinum coils, even with a coil density up to 93%.

CONCLUSION: Packing the aneurysm with hydrogel-coated coils at a density up to 93% did

not increase the intraaneurysmal fluid pressure.

Endovascular treatment for intracranial aneurysms
has been developed over the past decade as an alter-
native to surgery. The Guglielmi detachable coil
(GDC) system is extensively used. There are, how-
ever, potential problems associated with endovascular
therapy using bare platinum coils, such the risk of
aneurysmal recurrence or coil compaction. Micro-
Vention has introduced the HydroCoil Embolic Sys-
tem (HES; MicroVention, Aliso Viejo, CA), which
has been designed to fill the aneurysm cavity and
potentially diminish the observed rates of aneurysmal
recanalization by the means of an expansible hydro-
philic polymer coating on platinum helical coils. It has
been previously reported that placing noncoated coils
(either a single coil [1], or multiple coils [2, 3]) with
complete filling of the aneurysmal sac) does not
change the mean intraaneurysmal fluid pressure.
There is some uncertainty about the possibility that
the expansible hydrogel coating the coils might in-
crease the intraaneurysmal fluid pressure when fully
expanded, extrude into the parent vessel, or exert
pressure on the aneurysm wall.

The aim of our study was to evaluate and measure
the effect of the fully hydrated gel on the intraaneu-
rysmal fluid pressure for different degrees of aneu-
rysmal packing. We also evaluated the possibility of
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parent vessel compromise in a particular aneurysm
model. After the hydrocoils were placed, measure-
ments of the velocity field were taken to characterize
the effect of aneurysmal packing on the flow in the
parent vessel and to ensure that no hydrogel has
extruded into the vessel. We did not attempt to mea-
sure an exerted pressure on the aneurysm wall in the
present study.

Methods

It has been shown that coiling is the preferred method of
treatment for basilar aneurysms (4). Thus, we selected for our
study a model of a basilar artery (4 mm in diameter) with a
10-mm saccular aneurysm located at its apex. The aneurysm
model was made out of silicone, in an attempt to reproduce the
compliance of the arterial wall (5).

The aneurysm model was perfused with 0.01 mol/L phos-
phate-buffered saline (PBS), a solution with the exact same pH
as blood (normal blood pH is about 7.35), to ensure an expan-
sion of the hydrogel similar to that occurring in vitro. The fluid
is seeded with lycopodium powder (Carolina Biologic Supply
Company, Burlington, NC) with a mean diameter ranging from
1 to 10 wm. To avoid distortion of the visualized flow by
refraction, the model is placed in a transparent box filled with
the same perfusion fluid.

A pulsatile flow corresponding to the flow through the
carotid artery was supplied to the model by means of a pulsatile
pump (UHDC flow system, Sidac Engineering, London, On-
tario, Canada). The peak volume rate selected for this study
was 360 mL/min. The period of the pulsatile flow was 0.83
seconds, corresponding to a cardiac rate of 72 beats per minute.

Coil Characteristics
Following the established protocol for placing coils, two
MicroPlex 18 Complex coils (MicroVention)—Complex 1D 10
mm/26 cm and Complex 2D 9 mm/21 cm—were deployed first
to create a framework for subsequent deposition of the hydro-
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Volumetric aneurysmal occlusion achieved with the coils used to
pack a basilar tip aneurysm model

Secondary Volumetric
Placement Type of Wind Diameter Length  Aneurysmal
Order Coils* (mm) (cm)  Occlusion (%)
1 MCS 18 10 26 6
2 MCS 18 9 21 10
3 HES 14 8 10 17
4 HES 14 6 10 24
5 HES 14 6 10 31
6 HES 14 6 10 38
7 HES 14 6 10 46
8 HES 14 6 10 53
9 HES 14 4 10 60
10 HES 14 4 10 67
11 HES 14 4 10 74
12 HES 14 4 10 81
13 HES 14 4 10 88
14 HES 14 3 7 93

Note.—*MCS indicates MicroPlex Coil System; HES, HydroCoil
Embolic System.

gel-coated coils. The HydroCoil Embolic System was used to
place HydroCoils 14 of different sizes, ranging from 3 mm/7 cm
to 8 mm/10 cm, until complete filling was achieved (see Table 1).

Pressure Measurements

Pressure measurements were made by using a Camino Pa-
renchymal Intracranial Pressure Catheter (Integra Neuro-
sciences, Neurosurgery Division of Integra LifeSciences,
Plainsboro, NJ). This device is widely used to directly monitor
intracranial pressure by inserting a transducer-tipped catheter
in the parenchymal or subarachnoid space. The accuracy of the
measurements is =2 mmHg. The analog signal intensity was
acquired with an A/D converter and processed by using Lab-
VIEW (National Instruments, Austin, TX) software.

The pressure was measured by placing the catheter tip at
the fundus of the sac. Measurements were taken for the
control and subsequently after placing each coil, up to a total
of 14 coils.

Velocity Measurements

To ensure that the flow in the parent artery was reestab-
lished after placing the hydrocoils, measurements of the veloc-
ity field inside the parent vessel were simultaneously taken by
using the digital particle image velocimetry technique. The
system is composed of two Nd:YAG lasers, a synchronizer, a
charge-coupled device (CCD) camera and a personal com-
puter. The pulsed lasers provide a laser sheet that illuminates
the small-size tracer particles added to the flowing fluid. The
firing of the two pulsed lasers is synchronized with the image
acquisition. Two consecutive images, corresponding to the fir-
ing of each laser, 0.4 milliseconds apart, are captured when the
CCD camera is triggered by the synchronizer, thus recording
the light scattered by the tracer particles. The velocity field is
then computed by the appropriate software (Insight, TSI Inc.,
Saint Paul, MN) cross-correlating the two images and measur-
ing the displacements of the particles. The cross-correlation
function is computed by performing 2D fast Fourier
transforms.

Results

To determine possible changes in the intraaneurys-
mal pressure due to the expansion of the polymer that
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Fic 1. Intraaneurysmal pressure measurements of the non-
treated aneurysm model (control), after placing two structural
coils (2nd coil), after placing six hydrogel-coated coils (8th coil),
and for the complete filling (14th coil). Measurements were nor-
malized with the measured pressure at peak systole for the
control case, Pgc. The slight difference between the curves
remains within the measurement error (=2 mmHg).

coats the HydroCoils, we first measured the pressure
at the aneurysmal fundus before placing the coils
(control). Then, pressure measurements were taken
after the deployment of each coil, including the non-
coated platinum coils used as a support structure. The
different degrees of packing achieved after placing
each of the coils is shown in Table 1. A summary of
these measurements is shown in Figure 1, where we
have included the measurements for the control and
after placing the two structural coils (denoted as the
second coil in Fig 1). We have also included the
results for two representative cases: after placing six
hydrogel-coated coils and after complete filling (12
HydroCoils). Our results indicate that there is not a
significant change in the intraaneurysmal fluid pres-
sure with the expansion of the polymer coating the
platinum coils (the slight difference of the results was
within the measurement error), not even after placing
twelve HydroCoils and achieving a filling capacity to
93%. We did not measure wall tension specifically.
Measurements of the velocity field in the parent
artery performed at four representative stages of the
cardiac cycle (at the acceleration and deceleration
phases of the systole, A and B; at peak diastole, C;
and at the resting stage, D) are shown in Figure 2.
These measurements show that the placement of the
hydrocoils does not perturb the flow in the parent
vessel and the flow is redirected from the basilar
artery toward the two posterior cerebral arteries.

Discussion

The use of detachable embolic coils in the treat-
ment of aneurysms often presents a lower incidence
of complications and may have a comparable pa-
tient outcome to surgical methods (6, 7). This is
even the case when treating both ruptured and
unruptured aneurysms. The use, safety, efficacy,
and complications of the use of GDCs have been
extensively reported in recent years (8-12). There
are potential risks associated with this treatment,
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Fic 2. Resulting velocity field after complete filling at the four representative points of the cardiac cycle: at the acceleration stage of
the systole, A; deceleration stage of the systole, B; peak diastole, C; and resting period, D. The flow in the parent artery is shown to be
reestablished.

such as the possible recanalization of the aneurysm
with risk of rupture or the risk of coil protrusion
into the parent vessel.

To overcome the limitations of the GDCs, modifi-
cations on the coil design have been made, such as 3D
coils, or bioabsorbable polymeric-coated coils (13-
17). In this study we have considered the HES to treat
in vitro a basilar aneurysm model. The HES consists
of a platinum helical coil coated with a layer of a
hydrophilic, acrylic polymer (hydrogel) that provides
additional filling of a vascular space. This polymeric
material is capable of swelling in the presence of
blood (blood diffuses through the polymer, causing
disentanglement of polymer chains and swelling), ex-
panding up to three times its initial volume.

The goal of HES is to fill the sac entirely, theo-
retically reducing the risk of aneurysm recurrence.
The mechanisms behind aneurysm regrowth remain
unknown but likely relate to thrombolysis and re-
canalization of thrombus that are initially induced
by the coils. It has been shown that the HES sig-
nificantly improves aneurysm packing, from a 20—
30% volumetric aneurysmal occlusion with bare
platinum coils to about 70% volumetric occlusion
with HES coils (14, 18).

Our in vitro measurements show that the intraan-
eurysmal fluid pressure remains virtually unchanged,
even after achieving a 93% coil filling after full hy-
dration. We have not, however, studied the effect of
hydrocoils on the aneurysm wall tension. Overpacking
(inserting more than 100% of the calculated volume

of the aneurysm) could potentially lead to an in-
creased pressure, which, depending on the wall’s
modulus of elasticity, will result either in a volumetric
expansion of the sac or in some of the polymeric
hydrogel extruding into the parent vessel.

It is interesting to note that our measurements are
consistent with previous results where GDCs have
been used, which have shown that coiling aneurysms
does not decrease the pressure transmitted from the
vascular system (1-3). Therefore, the presence of the
expansible hydrogel does not modify the effect of the
coils on the intraaneurysmal fluid pressure even with
up to 93% filling. The protective effect may be due to
thrombus formation promoted by coils, reduction
in shear forces against the wall, or other contribut-
ing factors (19).

Conclusion

In vitro measurements of the pressure inside a
saccular aneurysm filled with hydrocoils and per-
fused with a physiologically representative pulsatile
flow have shown that the expansion of the hydrated
polymer does not contribute to any appreciable
changes in the intraaneurysmal fluid pressure. This
is shown to be the case when the fully hydrated coil
volume is as high as 93% of the aneurysmal sac
volume. It should be emphasized here that our
study has been limited to cases in which the volume
of the fully hydrated coils does not exceed the
initial volume of the aneurysmal sac.
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