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BACKGROUND AND PURPOSE: The HydroCoil Embolic System (HES) was developed to improve the
efficacy of endovascular treatment of cerebral aneurysms. The purpose of this study is to study the
periprocedural results in patients with cerebral aneurysms treated with HES.

METHODS: We report the initial periprocedural results in 191 cerebral aneurysms treated with HES in
the HydroCoil for Endovascular Aneurysm Occlusion, or HEAL, study. Initial aneurysm occlusion and
periprocedural complication rates were evaluated and compared with historical control data regarding
aneurysms treated with platinum coils.

RESULTS: An initial occlusion result of “complete” or “near-complete” was achieved in 91.8% of
aneurysms. Periprocedural thromboembolic events occurred in 8.1% of aneurysms treated with
neurologic deficits related to thromboemboli occurring in 2.1% of aneurysms treated. Intraprocedural
aneurysm perforations occurred in 2.8% of previously ruptured aneurysms, and in 0% of previously
unruptured aneurysms.

CONCLUSION: The initial occlusion success and complication rate when HES is used to treat cerebral
aneurysms is not significantly different from platinum coils. Follow-up angiography is currently being
collected and will be evaluated to determine if use of the HES reduces the rate of aneurysm
recurrence.

Aprincipal disadvantage of endovascular therapy of cere-
bral aneurysms with endovascular coils as compared with

surgical clipping is aneurysm recurrence.1-3 Aneurysm recur-
rence following endovascular therapy is likely related, at least
in part, to the attenuation of packing of coils into the aneu-
rysm, defined as volumetric percentage occlusion of the aneu-
rysm cavity with the endovascular device.4-7 An embolic agent
that improves packing attenuation might reduce the rate of
aneurysm recurrence. The HydroCoil Embolic System (HES;
MicroVention, Inc.; Aliso Viejo, Calif) is designed for im-
proved packing attenuation, with an expansile hydrogel that
should fill more of the aneurysm lumen than standard plati-
num coils.8 The HES is constructed as a hybrid hydrogel-plat-
inum coil device (Fig 1). The initial diameter of these devices is
0.009 inch, and the expanded diameter is 0.027 inch. In blood,
the hydrogel swells to its maximum diameter (3 times the orig-
inal coil diameter) in approximately 20 minutes. HES received
the CE Mark on May 27, 2002 and US Food and Drug Admin-
istration 510(k) clearance on July 29, 2002.

The HydroCoil for Embolic Aneurysm Occlusion (HEAL)
registry is a prospective registry of patients with cerebral an-
eurysms treated with the HES. The HEAL trial is sponsored by
MicroVention, Inc. We report the results of initial treatment
of cerebral aneurysms with the HES in the HEAL registry, with
particular attention to the degree of aneurysm filling with em-
bolic coils, and safety.

Patients and Techniques
The HEAL registry is a nonrandomized, multicenter, prospective

study to investigate the safety and effectiveness of HES in patients with

intracranial aneurysms deemed appropriate for endovascular treat-

ment. A total of 15 sites in Europe and the United States participated

in the investigation. The study was approved by each participating

center’s institutional review board/ethics committee. Written in-

formed consent was obtained for each patient enrolled in the study.

The total patient enrollment for the investigation was 184 patients

with 191 aneurysms. Patients were enrolled between October 2002

and February 2004.

Physicians were requested to complete training requirements be-

fore participation in the study, including placement of the HES coils

in 2 aneurysms by using an animal model and completion of 2 human

clinical cases with the assistance of MicroVention personnel.

The following criteria were used to determine a patient’s eligibility

for enrollment in the investigation:

Received March 21, 2005; accepted after revision July 10.

From the Department of Radiology, Mayo Clinic, Rochester, Minn.

Address correspondence to Harry J. Cloft, MD, PhD, Department of Radiology, Mayo Clinic,
200 First Street SW, Rochester, MN 55905.

Fig 1. Hybrid hydrogel-platinum coil device. Left, Bare platinum coil. Middle, Prehydration
image shows initial profile of the device. Highly compact hydrogel material is wrapped
around a platinum coil. An outer “overcoil” is wrapped around the hydrogel-covered coil.
The outer diameter of the coil is 0.008 inch. The thickness of the hydrogel is approximately
0.0005 inch, such that the outer diameter of the gel covering is 0.009 inch. With the
“overcoil,” the outer diameter is 0.013 inch. Right, Posthydration image of the device shows
marked expansion of the hydrogel material, which has become translucent. The radial
thickness of the expanded hydrogel is approximately 0.009 inch, such that the total outer
diameter of the hydrated device is 0.027 inch.

IN
TERVEN

TIO
N

A
L

ORIGIN
AL

RESEARCH

AJNR Am J Neuroradiol 27:289 –292 � Feb 2006 � www.ajnr.org 289



Inclusion Criteria. (1) The patient has been diagnosed as having

an intracerebral aneurysm, either ruptured or unruptured, as dem-

onstrated by arterial angiography. (2) Endovascular coil treatment is

judged to be the appropriate treatment as determined by the respon-

sible neuroradiologist and/or neurosurgeon.

Exclusion Criteria. (1) The patient has a cerebral aneurysm con-

sidered untreatable by endovascular techniques, which, in the opin-

ion of the investigator, presents an unacceptable risk of morbidity due

to the catheterization or embolization process. (2) The patient is con-

traindicated for a medication, which must be used to conduct this

embolization procedure. (3) The patient has a coagulopathy that, in

the opinion of the investigator, would make the patient unsuitable for

endovascular embolization. (4) The patient has medical, social, or

psychological factors that may interfere with his or her ability to com-

ply with the investigational plan requirements or is unwilling to re-

turn for all follow-up visits. (5) The patient is pregnant or lactating.

(6) The patient is younger than 18 years of age.

Embolization Procedure. Each embolization procedure was per-

formed in a digital angiographic suite by using standard techniques.

Anticoagulation with heparin was left to the operating physician’s

discretion. A series of coils of appropriate dimensions will be selected

and placed into the aneurysm under fluoroscopic control by using an

angiographic road map where appropriate. One or more platinum

coils (or any other approved 3D platinum coils) were generally used

to establish the initial framework in the treatment of the aneurysm

and form a multiplanar structure for subsequent HES coil introduc-

tion. The HES coils were generally used to provide additional filling of

the aneurysm once the initial framework had been established by

placement of one or more platinum complex coils. Following place-

ment of the HES coils, additional platinum coils (eg, very soft plati-

num coils) were used at the discretion of the physician to complete the

procedure. Angiograms were taken immediately after the last coil is

placed and 15–20 minutes after detachment of the last coil. In each

case, the objective of the procedure was angiographic occlusion of the

aneurysm.

The following parameters were evaluated at the time of initial

therapy with HES: aneurysm location; aneurysm size; aneurysm rup-

ture status; Hunt and Hess classification; number, type and size of

coils used in the procedure; and complications/adverse events. All

assessments were made by the treating physician.

The core laboratory conducted an analysis of the pre- and post-

treatment angiograms, including the degree of aneurysm occlusion.

The degree of aneurysm occlusion was classified as complete, near-

complete (�95%), or incomplete (�95%). Angiographic evidence of

any thromboembolic complication was documented as an adverse

event. The core laboratory assessed the occlusion status of each aneu-

rysm. The occlusion status was scored as complete, near-complete, or

incomplete.

The aneurysm volume was calculated by assuming that the aneu-

rysms were eliptical, by using the formula:

Aneurysm volume � 4� (height/2 � length/2
� width/2)/3.

Height, length, and width were assessed by each operating physi-

cian, on the basis of their own angiographic equipment capabilities.

Coil volumes were calculated by the following formula, which as-

sumes that all HydroCoils expanded to their maximum volume:

Coil volume � � (radius)2 � length.

The radii of the various coils used were determined by using man-

ufacturer specification data. The coil packing attenuation was ex-

pressed by using the following formula:

Packing attenuation � (coil volume/aneurysm volume)
� 100%.

Results
Aneurysms included were located in a wide variety of loca-

tions in both the anterior and posterior circulation. The mean
aneurysm size was 8.0 mm, and the median was 6.5 mm. The
mean neck diameter was 4.3 mm, and the median was 3.9 mm.
The mean dome-to-neck ratio was 1.7, and the median was
1.6. There were 71 ruptured aneurysms (37%) and 120 unrup-
tured aneurysms (63%). Balloon remodeling was used in 27
cases, and adjunctive stent placement was used in 9 cases.
Twenty aneurysms had been treated previously with platinum
coils and thus were recurrences that were being treated with
HES.

The mean number of HES coils per case was 4.2, and the
median was 3.0. The HES provided a relatively high packing
attenuation, with a mean of 60% and a median of 57%. Pack-
ing attenuation decreased with increasing aneurysm size (Fig
2). The initial outcome of endovascular therapy was complete
in 93 cases (48.7%), near-complete in 79 cases (41.4%), and
incomplete in 19 cases (9.9%).

Thromboembolic events occurred in 15 cases (8.1%). Per-
manent symptoms related to thromboembolic events oc-
curred in 4 cases (2.1%). All thromboembolic events were
noted at the time of treatment (ie, none began in the postpro-
cedural period). Intraprocedural perforation occurred in 2
cases of ruptured aneurysm (2.8%) and in no cases of unrup-
tured aneurysm (0%).

Discussion
The HEAL data demonstrate 90.1% of aneurysms treated

in HEAL received complete or near-complete treatment. This
suggests that HES provides an initial treatment success rate
comparable to that reported for platinum coils (range,
75%–98%).3,9-17 This is an important finding, because it
demonstrates that the physical properties of the HES do not
hinder physicians from obtaining adequate initial filling of
aneurysms.

Fig 2. Scatter graph of packing attenuation versus aneurysm diameter in aneurysms
treated with HydroCoil Embolic System in the HEAL registry.
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The overall safety of aneurysm treatment with HES also
compares favorably to treatment with platinum coils. The
overall thromboembolic complication rate of 8.1% is quite
similar to the rate of 8.2% reported by Qureshi et al18 in their
review of literature. In patients treated with platinum coils,18

the permanent ischemic deficit rate was 4.6%, which is higher
than the rate of 2.1% in HEAL patients. The lower rate of
permanent ischemic deficit in HEAL patients may reflect re-
cent advances in management of intraprocedural thrombo-
embolic complications, including abciximab administra-
tion.19 The intraprocedural rupture rates for HEAL were 2.8%
in previously ruptured aneurysms and 0% in unruptured an-
eurysms, which are similar to the rates of 4.1% for ruptured
aneurysms and 0.5% for unruptured aneurysms reported in a
meta-analysis by Cloft and Kallmes.20

Because HEAL is an uncontrolled study of the use of HES
for treatment of cerebral aneurysms, platinum historical con-
trols must be used to assess the relative procedural success and
safety. Because of potential differences between HEAL pa-
tients and historical controls with regard to aneurysm size,
neck width, rupture status, and other factors, such compari-
sons might be misleading. Future direct comparison of HES
to platinum coils for treatment of cerebral aneurysms in a
randomized, prospective study will provide more definitive
information.

For HES to represent a significant advance in the treatment
of cerebral aneurysms, it must offer a reduced aneurysm re-
currence rate relative to platinum coils. Cerebral aneurysms
treated with endovascular coil packing are only partially filled
with coils, with most the intraluminal volume being filled ini-
tially with thrombus.21 Natural thrombolytic processes acting
on this unstable thrombus may, in part, cause recurrence of
aneurysms following endovascular coil therapy. An aneurysm
filled with fewer coils and more thrombus could reasonably be
expected to have a greater likelihood of recurrence. Indeed,
low aneurysm coil packing attenuation is associated with an
increased risk of aneurysm recurrence, especially if �25%.4-7

The expanding hydrogel on the HES displaces blood from
the aneurysm lumen, resulting in a better packing attenuation
with embolic agent. The outer polymer layer of the HES coils is
designed to expand after exposure to blood (approximately
90% expansion after 20 minutes). Although it is not expected
that the HES coils will fill 100% of the space, the amount of
space filling is expected to be significantly greater than that of
platinum coils alone. The increased aneurysm filling is in-
tended to reduce the risk of coil compaction and aneurysm
recanalization and improve long-term patient outcomes. The
hydrogel polymer might also reduce the risk of aneurysm re-
currence by providing a scaffold for neointima to traverse the
aneurysm neck.8

The HES in HEAL provided a mean packing attenuation
that is higher than is achievable with platinum coils. Early
experience demonstrated that the HES allows substantially
improved packing of the aneurysm lumen relative to standard
platinum coils (72% vs 32%; P � .0001).22 It is possible to
improve aneurysm packing significantly, even in cases in
which only a single HES was used.

The HES provided a mean packing attenuation that is
higher than is achievable with platinum coils. The packing
attenuation for individual cases is prone to much error be-

cause the assessment of volumes of aneurysms is prone to
much error. Indeed, the volumes of aneurysms determined in
HEAL are subject to much error because precise size measure-
ments cannot accurately be determined based on 2D angio-
graphic images and because aneurysms often have irregular
shapes that do not allow for simple volume calculations. Also,
packing attenuation might be overestimated because our cal-
culation assumes complete expansion of the hydrogel, which
may not be possible if the hydrogel is constrained by adjacent
coil loops. Nonetheless, packing attenuation measurements
are useful for demonstrating an overall decreased packing at-
tenuation in large aneurysms. The lower packing attenuation
might be explained by treating physicians being mislead by
apparent radiographic packing attenuation and compartmen-
talization of coils that creates barriers to further deposition
and confinement of the microcatheter tip.

The HES was generally not the only type of coil used to treat
aneurysms in the HEAL registry. Standard coils were usually
used to form a “basket” or “framework” for subsequent dep-
osition of HES 14 coils. The HES 14 coils were then used to fill
most the aneurysm volume. The HES 14 coil is stiffer than
standard platinum coils, and therefore it is often not generally
used as the final, or “finishing,” coil. Rather, the final coil was
often a small, soft standard platinum coil. Smaller and softer
HES 10 coils suitable for use as “finishing” coils are now avail-
able, which allow for improved packing of aneurysms with
hydrogel.

The HES represents a new technology that potentially can
offer improved outcomes relative to platinum coils. Yet, the
introduction of hydrogel to endovascular coil technology with
HES might lead to differences in periprocedural complica-
tions and initial results relative to platinum coils. Thus, the
assessment of periprocedural safety and initial results achieved
with HES relative to platinum coils is a key step toward prov-
ing its overall safety and efficacy for the treatment of cerebral
aneurysms. The HES provides an initial treatment success rate
and complication rate comparable to those reported for plat-
inum coils. The HES provided a packing attenuation that is
higher than is generally achievable with platinum coils. While
we are encouraged by the improvement in aneurysm packing
with HES, the effectiveness of HES in preventing aneurysm
recurrence remains to be proved. The HEAL trial is currently
gathering information regarding aneurysm recurrence follow-
ing treatment with HES.

Appendix

Principal Investigators at Enrolling Sites
Timothy Malisch, University of Illinois at Chicago; Alejan-

dro Berenstein, Beth Israel Hospital; Emmanual Houdart, Ho-
pital Lariboisier; Isabel Wanke, Universitatsklinik Essen; In
Sup Choi, Lahey Clinic; Harish Shownkeen, Loyola University
Hospital; Laurent Pierot, Centre Hospitalier Universitaire de
Reims; Frank Tong, Emory University Hospital; Soren Bakke,
Rikshospitalet; Beverly Aagaard, University of Wisconsin
Hospital; Jacques Moret, Foundation Rothschild; Serge Brac-
ard, Centre Hospitaler Universitaire de Nancy; Avery Evans,
Tampa General Hospital; Mary Jensen, University of Virginia;
Hans Henkes, Alfred Krupp Krankenhaus.
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Core Laboratory and Data Analysis: Harry J. Cloft, MD,
PhD, Mayo Clinic, Rochester
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