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Gas Generation and Clot Formation during
Electrolytic Detachment of Guglielmi Detachable

Coils: In Vitro Observations and
Animal Experiment

Moon Hee Han, O-Ki Kwon, Chang Jin Yoon, Bae Joo Kwon,
Sang Hoon Cha, and Kee-Hyun Chang

BACKGROUND AND PURPOSE: Recent reports describe a high rate of thromboembolic
events related to Guglielmi detachable coil (GDC) use in the treatment of cerebral aneurysms.
The purpose of this study was to investigate electrolysis-related changes of blood as a potential
cause of thromboembolic complications associated with GDC use.

METHODS: For in vitro observations, 15 GDCs (10 conventional coils and five insulated
coils) were experimentally detached under microscopic observation. Three coils were detached
in normal saline, five in human serum, and seven in heparinized human blood. For animal
experiments, two coils were detached in two canine normal common carotid arteries with
systemic heparinization. Immediately after detachment, the arteries were exposed, and clot
formations were observed.

RESULTS: Significant amounts of gas bubbles were observed in all in vitro observations;
more were seen in conventional coils, which required longer detachment times, than in
insulated coils. Gas generation started with the growth of tiny bubbles into larger ones. In
insulated coils, gas was generated only at the detachment zone, and no difference between
saline, serum, and blood environments was observed. During detachment within heparinized
blood, clot formations of 2–3-mm diameter were observed at the detachment zones of insulated
coils. Animal experiments showed clot formation at the detachment zone, and bubble entrap-
ments around the clots were also found.

CONCLUSION: The electrolytic detachment mechanism of the platinum coil can generate gas
bubbles during the application of electric current. In association with electrothrombosis, this
phenomenon may be a potential cause of thromboembolic complications during the treatment
of cerebral aneurysms by use of GDCs.

The advent of the Guglielmi detachable coil (GDC)
system has revolutionized the treatment of intracra-
nial saccular aneurysms, and the safety and efficacy of
endosaccular occlusion by use of the GDC has al-
ready been well documented (1–3). The advantage of

the endovascular technique is relatively less invasive
than surgical clipping that had been the mainstay of
treatment for both ruptured and unruptured cerebral
aneurysms. The GDC allows for precisely controlled
endosaccular placement of coils, and its softness and
spiral memory of various diameters allow the aneu-
rysmal sac to be occluded with minimal injury to the
wall. Recent advances in GDC technologies, includ-
ing a wide variety of coil diameters, softer coils, 3D
coils (4), and balloon protection of the parent artery
(5, 6) or stent (7, 8) have markedly expanded its
indication for treating aneurysms. In some institu-
tions, endovascular treatment is now proposed as the
primary technique of aneurysm treatment (2).

Although the endovascular approach with the
GDC has been proved to be a safe and effective
alternative to surgery, several complications can oc-
cur during or after the procedure, including proce-
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dure-related rupture of the aneurysm, compromise of
the parent artery by protruded coils, or thromboem-
bolic problems related with the delivery system or coil
(9–12). Among these complications, the most fre-
quent are cerebral ischemic problems due to throm-
bosis of the artery and distal embolic phenomena
from embolized aneurysms or related devices (9, 10,
12–14). In their series of cerebral aneurysms, Pelz et
al (9) reported that the rate of strokes related to
endovascular treatment reached 28%.

Rordorf and colleagues (13) in their diffusion-
weighted imaging study described a 61% rate of silent
thromboembolic events related with GDC use.
Klötzsch et al (14), using transcranial Doppler ultra-
sonography, detected asymptomatic microemboli in
31% of patients. Potential sources of thromboembolic
events are catheters, preexisting thrombi within the
aneurysmal sac, a partially occluded aneurysmal sac,
and coil mass surface. In this study, we tested the
hypothesis that the electrolytic detachment mecha-
nism of the GDC system might be another source of
thromboembolic complication.

Methods
Seventeen GDCs (Target Therapeutics, Fremont, CA) were

experimentally detached under microscopic observation. Fif-
teen coils were detached during an in vitro experiment and two
in animal arteries with active flow. Twelve coils were conven-
tional (third-generation GDC, Target Therapeutics, Fremont,
CA) and five were insulated (SynerG, fourth-generation
GDC). The sizes and types of the coils used in this study are
summarized in the Table.

For in vitro observations, 15 GDCs, including nine conven-
tional (non-insulated, third-generation GDC) GDC-10 coils,
one conventional GDC-18, and five SynerG (insulated, fourth-
generation GDC) GDC-10 coils were experimentally detached.
We used the same power supply unit (Target Therapeutics)
that is usually used in clinical applications for all coils. Three
coils were detached in normal saline, five in heparinized human
serum, and seven in heparinized human whole blood. All in
vitro observations were performed in transparent dishes of
10-cm diameter. As in clinical use, the positive terminal of the
cable was connected to the proximal end of the wire part of the
coil, and the negative ground terminal was connected to a
needle, the tip of which was dipped into the liquid sample at the
edge of the dish.

In every experiment, the entire part of the coil and terminal
portion of the pusher wire, including the detachment zone, were
totally dipped in the liquid sample before starting the electric
current for detachment. Microcatheters were not used in the
experiments with saline and serum but were used with blood
(Excel-14, Target Therapeutics), and the tip of the catheter was
also dipped in the blood during electrolytic detachment.

For the experiments with serum and whole blood, human
blood samples were obtained from healthy volunteers and the
samples were heparinized (500 U/10cc) immediately after sam-
pling. A standard current of 1 mA was used, and the entire
procedure of detachment was video-recorded and photo-
graphed. The entire in vitro experiments were performed at
room temperature. Temperature change of saline or blood
around the coil or ground electrode was not measured.

Under a protocol approved by the Clinical Research Insti-
tute of our institution, two adult mongrel dogs of 25–30 kg body
weight were used for the animal experiments of this study. All
procedures, including angiography, ultrasonography, and coil
embolization were performed using sterile techniques, with
animals under general anesthesia by endotracheal intubations.
All angiographic and embolization procedures were performed
via the transfemoral route. Both animals were heparinized by
intravenous bolus administration of 2000 U just before the
procedure. We checked the level of anticoagulation by mea-
suring aPTT, and it was 29 seconds before and 110 seconds
after heparinization.

Two of the conventional GDC-10 coils were placed using
microcatheters with two markers (Excel-14) and detached in
two canine normal common carotid arteries. Fluoroscopic and
angiographic observation of the arterial blood flow during and
after the detachment process showed slight decrease of blood
flow without significant stasis or obstruction of the arterial
lumen. Immediately after detachment, the arterial segment was
ligated and opened by longitudinal incision. After gentle irri-
gation of the arterial lumen, the detached coil was examined
with a surgical microscope.

Results

In all in vitro experiments using saline and serum,
the generation of a significant amount of gas bubbles
was clearly observed during electrolytic detachment.
The amount of gas generated was much larger in the
conventional coil, which required a longer time for
detachment (Fig 1). Gas bubble generation was only
observed during the electrolytic detachment process,
starting with the growth of tiny microbubbles into
larger ones. In all conventional coils, gas bubbles were
generated from the entire surface of the platinum coil
(Fig 1), whereas in SynerG coils, gas was generated
only at the detachment zone (Fig 2A-C). In serum,
localized brownish discolorations formed around the
detachment zone during electrolytic detachment,
which were not observed in the saline environment,
and bubbles collected at the area of this discoloration
even after detachment of the coil (Fig 2D).

In all experimental detachments of coils within hep-
arinized whole blood, gas bubble generation was clearly
observed at the detachment zone of the SynerG coil and
from the entire surface of the coil part of the conven-

Sizes and types of Guglielmi detachable coils used for in vitro and animal experiments

Experiments Conventional Coils Insulated Coils (SynerG)

Saline GDC-10 (4 mm � 10 cm), GDC-10 (5 mm � 15 cm) GDC-10 (2 mm � 8 cm)
Heparinized serum GDC-10 (5 mm � 15 cm), GDC-10 (6 mm � 6 cm), GDC-10

(6 mm � 6 cm)
GDC-10 (5 mm � 8 cm), GDC-10

(10 mm � 30 cm)
Heparinized blood GDC-10 (2 mm � 2 cm, soft), GDC-10 (3 mm � 8 cm),

GDC-10 (4 mm � 10 cm), GDC-10 (6 mm � 20 cm),
GDC-18(8 mm � 30 cm)

GDC-10 (2 mm � 1 cm, Ultrasoft SR),
GDC-10 (10 mm � 30 cm)

Canine carotid artery GDC-10 (5 mm � 15 cm), GDC-18 (8 mm � 20 cm) Not used in animal experiment
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tional coils during electrolytic detachment (Fig 3). Dark
blood clot formations of 2–3-mm diameter were also
observed around the detachment zones of the SynerG
coil (Fig 3). In the conventional coils, blood clots formed
at the detachment zone and at the coil crossing zones.
During detachment, the blood clot formed at the de-
tachment zone gradually enlarged, became multi-lobu-
lated in shape, and mixed with gas bubbles. After de-

tachment and when the pusher wire of the coil was
withdrawn, the 1–3-mm diameter blood clot was densely
attached to the tip of the microcatheter (Fig 3).

During coil detachment in the normal arteries of
the animal experiments, ultrasonographic monitoring
with a 7.5-MHz linear transducer failed to detect
intraluminal gas bubble generation. Microscopic ob-
servations of the arterial lumen immediately after
detachment and exposure of the detached coils
showed a blood clot densely attached at the proximal
end of the coil, with micro-bubbles attached around
the surface of the coil (Fig 4). There was no clot
found around the coil surface or other area of the
ligated arterial lumen.

In this study, we did not measure the volume of the
gas generation, analyze the chemical components of
the gas, or measure the weight or volume of the
thrombus formed.

Discussion
Endosaccular occlusion with a detachable coil has

become popular in the treatment of intracranial an-
eurysms. For safe occlusion with minimal injury to the
aneurysmal wall, the softness of the coil and ease of
retrieval of the device are important. Since its intro-
duction in 1990, the GDC system with electrolytic
detachment mechanism has been recognized as a safe
and effective device for endosaccular occlusion of

FIG 2. Depiction of detachment process
of an insulated coil (GDC-10 SynerG, 6
mm � 6 cm) in heparinized human serum.

A, Before applying electric current, no
gas bubbles surround the coil, and the
detachment zone of the device is clearly
seen with a transparent insulating plug.

B, After starting the electrolytic detach-
ment process, gas bubbles are generated
from the detachment zone, and a localized
brownish discoloration is seen around the
detachment zone.

C, The coil has just detached, and the
bubbles enlarge.

D, After detachment, the coil moves out
of the field, and the bubbles remain at-
tached at the tip of the pusher wire and
collected in the area of brownish discol-
oration. Because discoloration and col-
lection of gas bubbles around this area
were absent in the saline experiment, this
brownish discoloration may be related to
an electrolytically induced protein coagu-
lation.

FIG 1. Depiction of the detachment process of a conventional
coil (GDC-10, 4 mm � 10 cm) in saline. Many gas bubbles were
generated from the coil and attached around the entire coil part.
The bubbles varied in size.
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ruptured or unruptured intracranial aneurysms (1–3,
15, 16). The motionless detachment of the coil by
electrolytic detachment mechanism has seemed the
ideal solution for minimizing injury to the aneurysmal
wall. There are several different kinds of coil detach-

ment mechanisms, including screw-type mechanical
detachment, thermal electrolytic detachment, and hy-
draulic mechanical detachment. The advantage of the
mechanical detachment system is faster detachment
time than for the electrolytic mechanism, although its

FIG 4. Depiction of the detachment process of a conventional
coil (GDC-18, 8 mm � 20 cm) in the canine carotid artery.

A, Immediately after detachment of the coil, the segment of the
artery is ligated and opened by use of a longitudinal arteriotomy.
Without arteriotomy, multiple and tiny gas bubbles surround the
coil.

B, A thrombus with elongated appearance is seen at the prox-
imal tail of the detached coil.

C, After removal of the coil from the artery, the thrombus
measures 3 mm in diameter.

FIG 3. Depiction of the detachment process of an insulated coil (GDC-10 SynerG, 6 mm � 20 cm) in heparinized human whole blood.
A, During detachment, with the detachment zone dipped in the blood, a dark area of thrombus formation is clearly seen with many

gas bubbles generated and floating to the surface level.
B, After detachment, the blood was gently irrigated by saline, and a lobulated thrombus is attached at the proximal tail of the coil part.

Many gas bubbles remain in the thrombus.
C, After removal of the fluid, the bubble remains attached in the thrombus; the thrombus is 1.5 mm in diameter.
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detachment mechanism potentially causes motion of
the coil during detachment.

Electrothrombosis induced by attraction of nega-
tively charged blood cells to the positively charged
electrode (coil) has been one of the basic principles in
the development of the GDC system (15). Recently,
Padolecchia et al (17) reported the result of their in
vitro investigation that clearly demonstrated the ef-
fect of electrothrombosis. However, the advantage of
the electrolytic detachment mechanism of the GDC
system for the induction of thrombosis is very specu-
lative. Electrothrombosis is not thought to be an ad-
vantage of the GDC system for several reasons. In the
initial treatment, the sac is packed as densely as pos-
sible, and the procedure is usually stopped when the
last coil cannot be inserted to prevent delayed recur-
rence (2). Although thrombus formation may play a
role in the acute protective effect in cases of ruptured
aneurysm, the most important treatment factor
should be the mechanical occlusion by the coil mass.
One cannot expect such electrothrombosis around
the coil with the new, currently used GDC design. In
this fourth-generation GDC, the SynerG, the entire
coil is insulated from the electric current by a polymer
plug between the detachment zone and the platinum
coil. With this modification, the electric current ap-
plied can be concentrated on the detachment. The
detachment time can be shortened, and the electro-
thrombosis can occur only at the detachment zone
because the coil is no longer a part of the electrode.

We did not measure the volume of the clots formed
in this study, and the size of the clots observed in
multiple experimental detachments were usually
small; the methods of our experiment may differ from
clinical situation. However, the result of our study
clearly showed thrombus formation at the detach-
ment zone even in the animal experiment in which
arterial blood flow was preserved. If this phenomenon
occurs in a clinical context, we believe that the small
electrolytically induced blood clots may have some
clinical implications in several areas. In the later part
of the usual procedure, the GDC detachment zone
could become exposed to the parent arterial blood
flow. The clot formed during the detachment process
can be distally embolized, attached at the distal end of
the coil, or attached at the tip of the microcatheter
after withdrawal of the pusher part. If it is embolized
distally, the clot might be a causative factor for pro-
cedure-related silent thromboembolic problems that
have been documented in some investigations (13, 18,
19). If the clot remains attached at the tail of the coil
or at the tip of the microcatheter, it may grow larger
during repeated coil detachment procedures and may
eventually compromise the parent arterial lumen or
be distally embolized to occlude larger arteries. Al-
though the sizes of the clots observed in this study were
not large enough to occlude a major artery, they may act
as a nidus for subsequent thrombus formation and
thereby cause thromboembolic complication.

Gas generation around the electrodes during elec-
trolysis of liquid material is a well-known phenome-
non, and hydrogen and oxygen gas can be generated

during electrolysis of pure water. Nonetheless, we
cannot presume what kind of gas can be generated
when electric current is applied in blood because of
the complexity of blood components. In this study, we
confirmed that a significant amount of gas is gener-
ated during electrolytic detachment of the GDC. Be-
cause the amount of gas generated in electrolysis is
directly proportional to the amplitude of electric cur-
rent and time, the amount should be larger in con-
ventional than in insulated coils, as indeed was the
case in our results.

The size of each bubble, usually less than 1 mm in
diameter, was very small. Therefore, we do not think
that the gas bubbles generated during the detachment
process played a major role in thromboembolic prob-
lems related with GDC placement. However, the
thrombi formed around the detachment zone were
quite lobulated in shape, probably because of the
entrapment of gas bubbles within the thrombus dur-
ing generation. This synchronous generation of gas
bubbles and thrombus may enable the gas bubble
entrapment to make the clot bigger.

In the experiments using serum, we noticed a lo-
calized brownish discoloration around the detach-
ment zone, which was not observed in the saline
experiments (Fig 2). Owing to the lack of this discol-
oration in saline, we presumed that this discoloration
was a feature of electrolytically related protein coag-
ulation. However, we could not confirm this presump-
tion. This phenomenon was possibly caused by some
temperature change related with the electrolytic de-
tachment process. In clinical situations, this may not
occur with active circulation of arterial blood. In this
study, gas bubbles that were generated and mixed
with this discoloration grew bigger during detach-
ment, collected at the area of discoloration, and re-
mained there even after detachment of the coil (Fig
2D). This finding supports our explanation of bubble
entrapment within the clot during generation.

We tried to confirm by experimental coil detach-
ment in the normal canine carotid arteries whether
clot formation and gas bubble generation might occur
in an environment with active blood flow. The arterial
segment was already exposed surgically before the
commencement of coil detachment to ligate the arte-
rial segment immediately after electrolytic detach-
ment. The arterial wall was opened by longitudinal
arteriotomy after ligation, and small amounts of gas
bubbles were found without the performance of any
procedure other than arteriotomy (Fig 4A). The
amount of gas appeared to be much smaller than that
of the in vitro experiments. Considering that the de-
tachment process occurred in an environment with
active arterial blood flow, weak bubble formation is
quite natural. Clot formation at the proximal tail of
the coil was clearly demonstrated after detachment of
the coil (Fig 4), as was the case in the in vitro exper-
iments.

The results of this study confirm that the electro-
lytic detachment mechanism of GDC can generate
gas and thrombi from the detachment zone of a coil.
Comparison of the findings of in vitro experiments
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with those of animal experiments suggests that most
gas bubbles will be embolized distally by the active
blood flow during detachment. Considering the small
size of the bubbles initially generated, it is probable
that they do not cause arterial occlusion that can be
depicted at angiography. However, the sizes of the
thrombi generated and attached to the tip of the
catheter or the proximal tail of the coil are much
larger than those of bubbles, and these thrombi are
large enough to occlude arteries of significant size. It
remains to be confirmed whether this phenomenon
actually causes symptomatic complications.

There are many theoretical thromboembolic
sources other than the use of GDC in procedures for
endovascular treatment of cerebral aneurysms. Dur-
ing selection of the parent artery, a small atheroma-
tous plaque might be dislodged and embolized, a
fresh thrombus might be formed at the surface of the
guiding catheter or microcatheter, tiny air bubbles
might be infused by injection of heparinized saline or
contrast media, preexisting thrombi might be dis-
lodged by a coil and embolized, or a fresh thrombus
might be formed at the surface of the coil mass. Small
areas of high signal intensity can be found on diffu-
sion-weighted MR images even after diagnostic an-
giographic procedures (18). Considering the well-
documented clinical results of using GDCs in
aneurysm treatment, we do not think that the possible
incidence of this phenomenon is a critical drawback
for clinical GDC use, and we still use this device at
our institution. However, it is clear that this phenom-
enon is one of the many causative factors of proce-
dure-related thromboembolic problems in the endo-
vascular treatment of cerebral aneurysms by use of
GDC.

Conclusion

Our results brought up possible problems related
to electrolytic detachment of the GDC system. The
electrolytic detachment mechanism of the platinum
coil in the GDC system may generate gas bubbles and
possibly lead to thrombus formation at the detach-
ment zone of the GDC during the application of
electric current. Although our experimental setup
does not mirror clinical circumstances and we did not
elucidate the chemical profiles or amount of gas gen-
erated, this phenomenon, in association with throm-
bus formation, may lead to thromboembolic compli-
cations in the treatment of cerebral aneurysms by use
of GDC.
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