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aneurysms. In general, it has been assumed that
the essential goal of treatment is to fill the
aneurysm with exogenous material and throm-
bus. In the case of electrolytically detached
coils, it has been hypothesised that the electro-
statically mediated attraction of blood compo-
nents to the coil surface may also play a part in
exclusion of the aneurysm. The term “elec-
trothrombosis” has been applied to this process
for over a century. This term describes a course
of events in which a positive charge is applied
to an introduced conductor (in the context of
aneurysms, usually a platinum coil), to encou-
rage the formation of thrombus on the coil sur-
face by attraction of red blood cells, platelets
and fibrinogen (whose split product fibrin
forms one of the main components of a blood
clot). There is histological evidence that reac-
tive changes in the aneurysm wall and on the
surface of the coil mass also play a role.

Although this hypothesis is intuitively ap-
pealing, as yet there is no convincing evidence
that there is any difference in the efficacy of
treatment of intracranial aneurysms with coils
detached by mechanisms involving electrical
current or coils detached by other mechanisms.
The purpose of this paper is to discuss the un-
derlying principles of endovascular aneurysm
exclusion, and in particular, the evidence for a
role of electrothrombosis.

Summary

Endovascular coil treatment of intracranial
aneurysms is now widely accepted. We discuss
some of the arguments for the relative roles of
electrothrombosis, spontaneous thrombosis, me-
chanical filling, haemodynamic effects and sur-
face properties in successful coil treatment. De-
spite an enormous body of literature, with many
theories and much data, there is limited evidence
for, or understanding of, the mechanisms by which
coil treatment protects against aneurysm rupture.
It seems likely that electrothrombosis plays no
part. Dense packing is probably important in pre-
venting recurrence. New technologies aiming to
encourage endothelialisation and increased con-
nective tissue formation appear promising.

Introduction 

The concept of exclusion of the lumen of an
aneurysm by filling it with exogenous material
to prevent rupture and intracranial haemor-
rhage is not new. However, it first began to gain
widespread acceptance with the introduction of
detachable coils, allowing retrieval of a coil if
its position was felt to be unacceptable.

Various techniques involving coils, balloons
and assorted other materials have been used to
achieve interruption of flow within intracranial
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Historical overview

It stands without question that the work of
Guglielmi, Sepetka, Viñuela et Al (1991a,b) 31,32

that culminated in the introduction of the GDC
system of endovascularly deployed retrievable
platinum coils irrevocably altered the treatment
of intracranial aneurysms (Strother 2001) 103.

The bases of this coil system had previously
been described in the publications of Piton et
Al (1978a,b, 1979) 75,76,77, but many of the under-
lying principles had begun to be explored in the
early 19th century.

In 1824, Scudamore 95 observed that blood
thrombosed at a positive but not a negative
electrode. Velpeau (1831) 110 and Philips (1831) 70

described the blockage of arterial vessels by
temporary puncture with a pin. In 1847,
Ciniselli 15 described the use of direct current
applied through pins in an aneurysm to induce
thrombosis. Buressi et Al (1879) 8 applied cur-
rent to a wire that had been introduced
through a needle into an aneurysm. Poore
(1895) 78 again pointed out that coagulation can
be accelerated through electric current. Moore
et Al (1864) 55 employed steel wire and Power
et Al (1903,1921) 79,80 used silver wire to fill tho-
racic aortic aneurysms. In their publications
they discuss the use of direct current to intensi-
fy thrombus formation. Eshner (1910) 22 re-
viewed 27 publications with a total of 32 case
reports in which aneurysms had been treated
by the introduction of wire and application of
direct current and added two of their own ca-
ses. Colt (1925) 16 and Thompson et Al
(1935)107 introduced gold-coated steel wire
with a rough surface to encourage thrombus
formation through a trocar into saccular
aneurysms. Linton et Al (1951,1952) 45,46 used
stainless steel wire (18-8, 0,01 inch diameter) to
fill thoracic and abdominal aortic aneurysms.

Early descriptions of application of these
principles to an intracranial aneurysm come
from Blakemore et Al (1938) 6 and Werner et
Al (1941)111, who developed a procedure in
which a wire of silver-copper alloy was intro-
duced through a needle into an aneurysm, and
to which electrical current was applied. The
aneurysm of the internal carotid artery was
reached by percutaneous puncture through the
orbit.

Since then, a variety of different procedures
and materials have been used for the endovas-
cular treatment of intracranial aneurysms. Gal-

lagher (1963, 1964) 26,27 injected animal hairs in-
to surgically exposed intracranial aneurysms.
He discussed the hypothesis that thrombosis
results through the penetration of hairs
through the aneurysm wall and reduction of
the negative polarity of the aneurysmal lumen.
Genest (1965) 28 carried out animal experiments
in which he injected methyl methacrylate
through needles in aneurysms. Although he did
not attempt the procedure, he described the
possibility of the injection of this agent into the
aneurysm through a catheter. Mullan et Al
(1965, 1969, 1974) 57,58,59 described the treatment
of intracranial aneurysms with Berrylium-Cop-
per coils. Abe et Al (1973) 1 treated a patient
with bilateral giant aneurysms of the internal
carotid artery, by puncturing the aneurysms
with a needle and filling them with copper wire.
Alksne et Al (1980) 3 used stereotactic guidance
to puncture intracranial aneurysms and then
inject fluid methyl methylacrylate mixed with
iron particles. Inadvertent embolization of the
parent vessel was prevented by an external
magnet. Copper wire (Fujita et Al 1987, Saka-
kibara et Al 1983) 25,87 or a copper coated steel
needle (Mullan et Al 1969) 58 have also been in-
serted into intracranial aneurysms. However,
Fischer et Al (1957) 23 and Cooper et Al (1966)
17 raised concerns about the intracranial use of
silver and copper. Many of the underlying prin-
ciples of current coil-occlusion techniques had
been described in detail by Mullan et Al (1974)
59: "It was thus concluded that the speed of
thrombosis could be regulated by the volume
of copper (thrombogenic) and beryllium cop-
per (packing material) introduced into an
aneurysm. Beryllium copper can be preformed
in any convenient spring shape before inser-
tion. It can even be made to take the form of a
coil immediately after entering the aneurysm;
this is too large to pass through the neck into
the arterial lumen. Copper cannot be formed
into a spring, and it is conceivable that it could
find its way into the artery; thus it seems desir-
able to insert beryllium copper first to form a
mass that would trap the copper within the
aneurysm lumen”. In this same article, Mullan
also deals with the principle of electro-throm-
bosis. He used direct current of 0,5-1 mA ap-
plied for several minutes.

Nishijima et Al (1984) 62 concluded that simi-
lar results could be achieved without the appli-
cation of an external current.



www.centauro.it 

They say "... electrothrombosis by copper 
needle insertion was done. This surgical method 
is based on the attraction of negatively charged 
intravascular elements, such as blood cells or 
fibrinogen or positively charged metallic ions, 
such as Fe++ or eu++, resulting in the formation 
of a thrombus .... Direct anodal current is some­
times applied to the cut end of the wire or nee­
dle to initiate thrombus ... , but in this series we 
did not use it. On the basis of both experimen­
tally study and clinical experience, it is known 
that a thrombus starts to form around the in­
serted needle within 5 minutes after insertion". 
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Figure 1 Two aneurysms of the left internal carotid artery, 
treated by parent vessel occlusion with electrolytically de­
tachable coils. Note that despite the electrolytic detachment 
of innumerable coils within both aneurysms and the parent 
vessel, there is persistent flow in the aneurysms and parent 
vessel, and no evident thrombus formation. 

The work of Piton et Al (1978a,b, 1979) 75,76,77 

already described all the essential elements of 
what would subsequently be called GDC. Pla­
tinum wires, among others, were employed to 
induce intravascular thrombosis. With 9 Volts, a 
current of 10 mA was applied for up to 20 mi­
nutes. The authors report: " ... partial or complete 
electrolysis of the tip of the wire occurred, frag­
ments of the wire coming to lie free in the re­
gion of the thrombus". This did not appear to be 
of practical importance, however, and was even 
somewhat advantageous, since these fragments 
were visible on the subsequent radiographs. The 
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possible future importanceof this technique was
obviously recognised by the authors; "Experi-
ments are being done to apply this technique to
aneurysms" (Piton et Al 1979) 77.

Physiological basis of intravascular
electrothrombosis

"Electrothrombosis" is a fundamentally dif-
ferent process to "electrocoagulation". During
electrocoagulation, a temperature rise is in-
duced by the supply of electric current (for
example high-frequency alternating current),
causing thermal damage to blood components
and the vessel wall. In contrast to this thermal
mechanism, in electrothrombosis coagulation is
induced exclusively by bio-electric mecha-
nisms.

The mechanism of electrothrombosis is de-
pendent on reduction of the normal translumi-
nal potential difference. Normally, the inner
(intimal) surface of intact blood vessels shows a
negative charge with respect to the external
(adventitial) surface of the vessel (Sawyer et Al
1953c) 92.

The cellular blood components also have a
negative charge on their surface and are there-
fore repelled by the intact vessel wall.

Injury to the intima, or placement of a posi-
tive electrode (anode) into the lumen decreas-
es the repulsion of the cellular elements and
therefore promotes thrombosis (Sawyer et Al
1953 a,b) 90,91.

The amount of thrombus induced by direct
current is dependent on the applied current in-
tensity and the duration of application (Araki
et Al 1965, Miller et Al 1978, Sawyer et Al
1961,1964, Thompson et Al 1977) 4,52,93,94,108. Its
formation is opposed by Heparin (Araki et Al
1965) 4. It has been postulated by Lamb et Al
(1965) 44 that the process of electrothrombosis
is also voltage-dependent, only occurring with
potential differences of greater than 2V. During
the endovascular treatment of intracranial
aneurysms, direct current with the currently
used parameters (3-5 V, 1-2 mA, application
time < 60 sec) may induce thrombus formation
on the platinum coil surface, which does not si-
gnificantly differ from the spontaneous throm-
bus formation and which is so thin that little or
no effect on the aneurysm can be expected
(Byrne et Al 1997a) 10.

Animal studies and their relevance
to clinical practice

The current concept of electrothrombosis for
the cure of intracranial aneurysms is largely
based on observations in animal models of surgi-
cally created aneurysms and in vitro models u-
sing stagnant blood. Neither model is directly
applicable to clinical practice. Coagulation oc-
curs far more slowly in the human being than in
the pig or dog. This has been confirmed in seve-
ral studies both in stagnant blood and in throm-
bosis induced by foreign bodies (e.g., guide-
wires) (Ovitt et Al 1974) 65.

Comparative animal experimental studies
showed that aneurysms created with the same
experimental technique in pigs and dogs had
different tendencies to formation of a neointi-
ma over the aneurysm neck (Raymond et Al
1999b) 82. In this study, the histological findings
in pigs were similar if GDC coils or collagen
sponge was used to exclude the aneurysm. In
general, there is a high incidence of sponta-
neous thrombosis in surgically created
aneurysms in animals (Pile-Spellman et Al
1997) 74. This is rare in humans.

A rabbit model of bifurcation aneurysms may
have advantages over the side-wall aneurysm
model in the pig, used by Guglielmi et Al
(1991a,b) 31,32. The haemodynamic patterns and
the vessel dimensions are similar to those seen
in human intracranial aneurysms (Kwan et Al
1993) 43.

In the primate model of Tenjin et Al (1995) 106,
26% of the "aneurysms" had spontaneously
thrombosed two weeks after the operation (ve-
nous side-wall pouch aneurysms on the carotid
artery). Three months after coil placement, a
thick membrane was found at the neck in the
three aneurysms examined. This study does not
make any direct statements about the possible
importance of electrothrombosis, however, early
endothelialisation at the aneurysm neck contra-
dicts most comparable experiences in the hu-
man being.

Mawad et Al (1995) 51 in an animal model
(dog) examined the histological changes in pre-
viously surgically created aneurysms occluded
with GDC. The constant demonstration of a
neointima across the ostium of the aneurysms
at six months after coil placement contradicts
comparable observations in the human being
(Bavinzski et Al 1999) 5, showing that observa-
tions from this model regarding the behaviour
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of coils under clinical conditions should be
made with care. Similar findings, in particular
the frequent formation of a neointima, were al-
ready available from Graves et Al (1990) 29 in
this animal model using non-retrievable coils
with and without fibres.

In the study of Dawson et Al (1995) 19, 19 ve-
nous side-wall pouch aneurysms on the carotid
artery were created in ten pigs. Of those, five
aneurysms spontaneously thrombosed within
three weeks. Szikora et Al (1997) 104, in dogs, ob-
served thrombosis of two of 26 aneurysms after
four weeks. In an animal study (pig) by Byrne et
Al (1997b) 11, 23 aneurysms were created and 18
were filled with coils. All five aneurysms not
filled with coils occluded spontaneously in the
following weeks. It would seem likely that there
are significant differences in the behaviour of
coil systems in clinical practice, animal models
and in vitro studies. We believe that data de-
rived from non-clinical scenarios should be ap-
plied with great caution.

Clinical applications of electrically-mediated
aneurysm-and vessel exclusion

In clinical practice, a wide range of combina-
tions of voltage, current (both alternating and
direct) and application time have been utilised.
Much of this work was performed on extracra-
nial aneurysms or vessels, using parameters
quite different from those now adopted for en-
dovascular treatment of intracranial aneu-
rysms. It is not even always clear if the clini-
cians were aiming for electrothrombosis or
electrocoagulation.

Occlusion of extracranial target vessels:

Finney (1912) 24 treated aortic aneurysms by
the introduction of wire and application of di-
rect current at 10-100 mA, as a rule for longer
than one hour. Hare (1927) 33 used a platinum-
gold alloy and initially 5 mA of direct current,
raised stepwise to 45 mA over half an hour and
then reduced again slowly so that total applica-
tion times were about one hour. Blakemore
(1951) 7 introduced silver wire into aortic
aneurysms and heated it to 80˚ centigrade with
100 V direct current for ten seconds. Sawyer et
Al (1961) 93 produced intravascular thrombosis
in arteries of various organs of 15 patients with
direct current at a usual current intensity be-

tween 20-40 mA (though up to 80 mA), usual-
ly for a duration of a few minutes (though up
to two hours). Salazar (1961) 89 used direct cur-
rent in an animal experiment for the induction
of coronary artery thrombosis. Anodes were
placed within the coronary arteries with 3 V at
a current intensity of 1-9 mA, applied for 18-93
minutes. Miller et Al (1978) 52 applied 10-15
mA over 30 minutes through an intravascular
guidewire of high-grade steel to block vessels.
Sedlarik (1977, 1981) 96,97 applied 30 mA over 15
minutes in an animal experiment, leading to
the formation of thrombus obliterating the
vessel lumen. Ogawa et Al (1982) 63 simulta-
neously employed up to 40 copper beryllium
needles to induce thrombosis of extracranial
vessels using a direct current of 0.3-5 mA, ap-
plied for a duration of 30-60 minutes. The pins
were left in-situ for three to four days. Dado et
Al (1987) 18 could not achieve a similar result
with comparable current intensity and applica-
tion duration.

Occlusion of intracranial aneurysms

An early application of this technique to in-
tracranial aneurysms by Araki et Al (1965) 4

used a combined technique for anterior com-
municating artery aneurysm treatment, apply-
ing temporary vessel occlusion proximal and
distal to the aneurysm, then puncturing the
aneurysm up to nine times with a platinum nee-
dle and applying a direct current at 3 mA for
one minute. The puncture sites were sealed for
some distance from the needle. The treatment
led only to a partial obliteration of the
aneurysm; approximately one third remained
perfused. Mullan et Al (1965) 57 describe the
electrothrombotic treatment of intracranial
aneurysms using direct puncture with a thin
steel needle and a direct current of 0.2-2 mA,
applied for 62-390 minutes. Because of the high
complication rates, they modified their proce-
dure in the following years (Mullan et Al 1969)
58 to use copper-coated steel needles with a
length of 10 mm placed at 1mm intervals in the
aneurysm neck. These were detached by appli-
cation of 1 mA direct current for five minutes.
Mori (1967) 56 required 3-5 mA in animal expe-
riments for the electrothrombosis of aneurysms
with an intravascular anode of platinum and an
application time of 20 minutes. In a clinical ap-
plication of this technique to an anterior com-
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municating artery aneurysm, the parent artery 
was temporarily clipped, however, only 60% 
thrombosis was produced after application of 
3mA for nine minutes. 

Occlusion of intracranial non-aneurysmal target 
vessels 

Peterson et al (1969) 69 used a copper wire 
which was introduced into the cavernous sinus 
and a current of 2 mA applied for four hours to 
close a direct carotid-cavernous fistula. 

Hosobuchi (1975) 38, Sakurada et Al (1975) 88, 

Ishikawa et Al (1982) 39 and Nishijima et Al 
(1983, 1984) 61,62 treated carotid-cavernous fistu­
lae by filling the superior ophthalmic vein with 

B 

Figure 2 Treatment of a Vein of Galen Malformation in a 
four year old child, by partial filling of the varix with elec­
trolytically detached coils. Note that despite a dense coil 
mass, extending into the faJcine sinus, there is persistent flow 
and no evident thrombus. Subsequently, the choroidal arter­
ial pedicle in which the microcatheter is evident was em­
bolized with Histoacryl. 

copper wire or copper needles. Direct current 
was used (0,2-0,8 mA, 10-30 minutes), however, 
thrombosis was also observed without the use 
of any electricity (Nishijima et Al 1984) 62 . 

Phillips et Al (1973, 1975) 71,72 also treated arte­
riovenous fistulae in an animal model with a 
current intensity of 10 mA, at 50 Volts, howe­
ver, the application duration was 40-80 min­
utes. Thompson et Al (1977) 108 carried out elec­
trothrombosis with comparable parameters. 
Yoneda et Al (1977) 112 induced thrombosis of 
the vessels of cerebral arteriovenous malfor­
mations by the direct introduction of up to 60 
electrodes of copper-beryllium and application 
of 5-10 mA over 30-60 minutes. 
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Roles of electrothrombosis, mechanical filling,
coil surface and spontaneous thrombosis in
aneurysm treatment

The effectiveness of electrothrombosis for
treatment of intracranial aneurysms is not
proven. At the typical voltage, current intensi-
ty and duration used for some effective
coil systems (Henkes et Al 2002, Pierot et Al
2002) 34,73, little, if any, electrothrombosis occurs.
Effective coil systems exist that do not use any
electrical mechanism for detachment (Tour-
nade et Al 2001) 109. Electrothrombosis without
complete filling of the lumen of the vascular
structure concerned have in general not result-
ed in effective exclusion of the lumen (Byrne et
Al 1994) 9.

There is some evidence that where electro-
thrombosis has contributed to filling of an
aneurysm lumen with thrombus, without dense
mechanical filling, recanilization rates may be
unacceptably high. Mullan et Al (1965) 57 per-
formed angiographic follow-up in six out of 12
patients in whom intracranial aneurysms had
been treated by electrothrombosis. They
demonstrated that the occlusion induced by
electrothrombosis was only temporary and had
not led to permanent obliteration of the
aneurysm. In a subsequent publication, Mullan
et Al (1969) 58 stated: "...that partial thrombosis
of the aneurysm is not only unsuccessful in that
it does not extend to complete thrombosis with-
in a reasonable time, but it is even possible that
it may precipitate hemorrhage by setting up ir-
regularities and eddies in the previously
smoothly flowing intra-aneurysmal circulation."

Marks et Al (1994) 50 examined mechanically
and electrolytically detached coil systems and
observed: "It is not clear how much of the ob-
served thrombosis [in GDC] is the result of
electrothrombosis or vascular stasis from pack-
ing of coils into a vascular space. It has been
observed that intra-aneurysmal thrombosis
progresses after detachment using this [GDC]
coil system ... Endovascular coil procedures are
generally performed using systemic hepariniza-
tion to impede blood clot formation at the time
of placement; it is not clear whether there is an
advantage to having thrombus form at the time
of each coil placement."

Murayama et Al (2001) 60 developed a modi-
fied coil system in which a thin, electrolytically
detachable platinum coil is coated with an ab-
sorbable plastic (Matrix-CoilTM, Target Thera-

peutics/Boston Scientific). The formation of
connective tissue is supposed to be encouraged
by this coil surface-coating. A more permanent
filling of the aneurysm lumen may result. The
coating is, according to the authors, approxi-
mately 50% less thrombogenic than the un-
coated surface of traditional GDC coils. Clear-
ly the surface-coating will reduce the impor-
tance of both electrothrombosis and sponta-
neous thrombus formation in aneurysm exclu-
sion. Shrinkage of the aneurysm may occur by
loss of volume due to degradation of the sur-
face coating. On the other hand, Bavinzsky et
Al (1999) 5, on the basis of histological exami-
nation of aneurysms treated with traditional
GDC, suggested that aneurysm recurrence may
be partly due to the volume loss that occurs as
connective tissue within the lumen shrinks,
pulling coils away from the neck. This mecha-
nism is likely to be even more significant if the
Matrix-CoilTM does encourage connective tis-
sue formation.

Horowitz et Al (1997b) 37 described the intra-
operative findings in a patient, in which a rup-
tured aneurysm of the distal anterior cerebral
artery had been filled with two GDC platinum
coils. The procedure was carried out without
heparinisation. The detachment times were
2.09 and 1.36 minutes. The microcatheter perfo-
rated the aneurysm wall. Subsequent angiogra-
phy did not show any further opacification of
the aneurysm lumen. The patient deteriorated
clinically and the aneurysm was operated on
two hours after coil occlusion. The aneurysm
was not filled with thrombus. The authors
therefore postulate that the GDC coils had
prevented aneurysm filling through mechanical
attenuation of the pulse wave rather than by
electrothrombosis. The transmural pressure
gradient would be reduced by such an attenua-
tion of the pulse wave. Nevertheless, thrombo-
sis in the aneurysm could be induced by turbu-
lent blood flow, which can activate the coagula-
tion cascade.

Padolecchia et Al (2001) 68 examined the for-
mation of thrombus on the surface of platinum
coils in heparinized blood, with and without ap-
plication of current. Even though the blood
was stagnant, presumably encouraging throm-
bus formation, there was only a film of fibrin
and platelets on the coil surface, even in those
to which current had been applied.

It is questionable whether significant elec-
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trothrombosis actually occurs in the human be-
ing during the endovascular treatment of an in-
tracranial aneurysm at typically utilised para-
meters of voltage, current and application time.
Anticoagulation with Heparin, often in combi-
nation anti-platelet agents, probably further re-
duces its occurrence.

Mechanical effects of coil deposition

In clinical conditions, the amount of throm-
bosis occurring on the surface of freshly inser-
ted platinum coils is probably so small that it is
quantitatively unimportant in terms of volume
of the aneurysm lumen filled. For this reason,
we believe that maximally dense filling of the
aneurysm is necessary. The effect of coil-occlu-
sion on the probability of rupture of an
aneurysm is related, in the initial stage, to me-
chanical filling of the aneurysm lumen.

Ahuja et Al (1993) 2, using electron-mi-
croscopy, examined the surface of GDC coils
that had been coated with different materials
to increase their thrombogenicity. It is assumed
that with such a system electrothrombosis is in-
hibited since the surface of the coils is electri-
cally insulated by the coating. The authors sta-
ted: "As currently used, the major mechanism
for obliteration of aneurysms with the Gugliel-
mi detachable coil (GDC) is dense packing of
the aneurysm with platinum coil. ... Increasing
the thrombogenicity of the GDC is one ap-
proach that might make it possible to achieve
successful aneurysm obliteration with less need
for complete mechanical packing of the
aneurysm lumen.”

Dawson et Al (1996) 20 compared in an ani-
mal model (pig) the effectiveness of conven-
tional and collagen-laden mechanically de-
tached coils. Ten weeks after coil incorporation
they found that conventional coil-occluded
aneurysms had loose, cell-poor connective tis-
sue while in those occluded with collagen coils,
aneurysms had cell-rich connective tissue pro-
bably containing additional collagen deposi-
tion. The authors stated: "The theoretical ap-
proach to endovascular therapy for cerebral
aneurysms has heretofore relied primarily on
the creation of a thrombus within the aneurys-
mal lumen. This approach is inherently flawed,
as thrombus has no permanency. Thrombus, as
a dynamic biological material, may and should
lyse over time, with secondary recanalization

occuring as a natural and expected event. This
combination of events often leads to recana-
lization and regrowth of the aneurysm."

Szikora et Al (1997) 104 in an animal model,
examined whether endovascular aneurysm
treatment can be improved when collagen-con-
taining threads are incorporated into platinum
microcoils. In the discussion of their results the
authors wrote: "Platinum has an inherently low
thrombogenicity, and thrombus generated by
the electrolytic detachment process may not oc-
clude the aneurysm sufficiently unless the cavi-
ty is tightly packed with coils. Further, fresh
thrombus and platinum coils create a relatively
soft mass, that may be incapable of resisting
continuous forces of pulsatile blood flow upon
the coil surface at the aneurysm orifice, …
Packing density was the single determinant of
aneurysmal occlusion.” Stiver et Al (1998) 102 de-
scribing endo-vascular aneurysm treatment
said: "Dense packing with coils is thought to be
the principal mechanism by which GDC thera-
py leads to aneurysm obliteration... ".

Spontaneous thrombosis, independent of
electrothrombosis, probably forms in stagnant
blood between coil loops inserted in an
aneurysm. It is doubtful that it has any perma-
nent occlusive effect as fibrin is removed with-
in days by innate thrombolytic activity, at least
for multiple emboli of autologous thrombus
(Deaton et Al 1960, Osterman et Al 1976) 21,64.

The histologic investigation by Mizoi et Al.
(1996) 53 of an aneurysm that had been resected
18 months after endovascular occlusion with
platinum coils (GDC), showed unorganized
thrombus between the loops of the platinum
coils, without connective tissue and without en-
dothelialisation of the luminal surface of the
thrombus. In an autopsy study (Horowitz et al
1997a) 36, electron-microscopic investigation of
an aneurysm of the basilar artery four weeks af-
ter its endovascular treatment demonstrated
the platinum coils with a thin fibrin film, sur-
rounded by thrombus. At the aneurysm neck,
cellular proliferation was found but the luminal
surface was not covered with neointima after
four weeks. Romeike et al (1999) 86 found, two
weeks after the GDC treatment of an aneurysm
of the basilar tip, that unorganized thrombus
surrounded the coil loops. The authors were of
the opinion that under these circumstances
there is inadequate protection against re-rup-
ture of the aneurysm. The formation of unorga-
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nized thrombus on the coil-surface and be-
tween the coil-loops is probably independent of
the electrolytic coil-detach-ment mechanism.
Ozawa et Al (1998) 66 found similar changes to
those described above by electron microscopic
examination of a platinum coil that had been
placed eight months before by mechanical de-
tachment. Manabe et al (1998) 49 histologically
examined an aneurysm treated eight months
previously with mechanically detachable pla-
tinum coils (IDC), after a fatal second hemor-
rhage. They found unorganized thrombus with-
in the aneurysm without endothelialisation. The
aneurysm wall had a thin layer of granulation
tissue and fibrotic modification, similar to those
findings described for GDC-treated aneurysms.

Mechanisms of long-term aneurysm exclusion

For the process of morphological cure of an
aneurysm, the formation of early intra-aneurys-
mal thrombus is neither necessary nor suffi-
cient. The following steps may be postulated:
the formation of a new intima at the ostium of
the aneurysm, resorption of any unorganised
intra-aneurysmal thrombus and the formation
of scarring-fibrous connective tissue between
the coil-loops and eventually, reactive thicken-
ing of the aneurysm wall.

With regard to the formation of a new intima at
the ostium

Tamatani et al (1997) 105 found, in vitro, that
cultivated endothelial cells do not spread on
uncoated implant surfaces. Endothelialisation
was facilitated if the coil surface was coated
with type I collagen. Stiver et Al (1998) 102 ob-
served a fibrin membrane within an aneurysm
that had been filled by GDC treatment 36
hours before death. The formation of such a
fibrin membrane between the lumen of the
parent vessel and the aneurysm sac itself could
precede endothelialisation. Kinugasa et Al
(1994) 40 made similar observations ten days af-
ter filling of an aneurysm with a liquid embolic
material (cellulose acetate polymer, CAP).
Koizumi et Al (1997) 42 found at an autopsy
four weeks after the treatment of an unrup-
tured aneurysm with mechanically detachable
platinum coils that the ostium of the occluded
aneurysm had covered over with a membrane
designated by the authors as endothelium. On

the other hand, only in one of 18 GDC-treated
aneurysms with narrow necks could Bavinzski
et Al (1999) 5 histologically verify complete or-
ganization of the thrombus and complete en-
dothelialisation of the cell-rich intra-aneury-
smal connective tissue.

With regard the resorption of early
intra-aneurysmal thrombus and the formation
of scarring-fibrous connective tissue between
the coil-loops

Molyneux et Al (1995) 54 examined two large,
wide-necked aneurysms histologically two and
six months after the patients had been treated
with GDC. In both aneurysms, the coils con-
tained in the aneurysmal sac were surrounded
by unorganized thrombus. There was little new
vessel formation or formation of connective tis-
sue at the aneurysm neck. Dawson et Al (1995)
19 examined the formation of intra-aneurysmal
connective tissue in an animal experiment
(pig). Collagen-covered coils and coils with at-
tached Dacron fibres were compared. The for-
mation of intra-aneurysmal connective tissue
was far more marked with the collagen-co-
vered coils. A comparison with GDC coils is
not possible by means of this study, but the au-
thors point out explicitly that the formation of
an intra-aneurysmal thrombus, if it can be
achieved by electrothrombosis, may hinder the
filling of the aneurysm by connective tissue.

Szikora et Al (1997) 104 histologically exa-
mined experimentally created aneurysms in the
dog, finding that coils with collagen were sur-
rounded by more fibroblast proliferation and
had more collagen formation than traditional
GDC coils. The favourable effect was limited to
the immediate neighbourhood of the coils
while the remaining intra-aneurysmal throm-
bus was not significantly different.

Reul et Al (1998) 85 found in the rabbit that
within a few days of coil insertion, complete
filling of the aneurysm with fresh thrombus oc-
curred. However, by 3-7 days, recanalisation
and fibrinolysis led to partial re-opening at the
neck and perhaps also in the sac of the
aneurysm. After two to three weeks, the initial
thrombus was largely dissolved. Connective tis-
sues with fibroblast proliferation and new ves-
sel formation were observed in the sac. In the
neck of the aneurysm no thrombus was evident
between the coil-loops. In the same experimen-
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tal model (Spetzger et Al, 1996) 101, three to six
months after GDC placement, recanalisation of
the aneurysm had occurred with open spaces
between the coil loops without remaining
thrombus. In 13 of 17 aneurysms, the coil-sur-
face was devoid of any tissue, and only in four
aneurysms was a thin layer of granulation tis-
sue found. No endothelial cells were evident.

Padolecchia et Al (1999) 67 examined an
aneurysm that had been treated with GDC 16
hours before death of the patient. The
aneurysm was filled completely with thrombus
into which the platinum coils were imbedded.
A thin fibrin layer was found by electron-mi-
croscopic examination of the coil-surface. Ca-
stro et Al (1999) 13 examined a patient who had
two intracranial aneurysms treated with pla-
tinum coils (GDC) 33 months before his death.
He observed complete replacement of intra-
aneurysmal thrombus with scarring and con-
nective tissue. In one of the two aneurysms, the
ostium was covered with endothelium. New
capillaries seemed to arise from the parent
artery, not from the aneurysm wall. The authors
presumed that dense filling of an aneurysm
favoured the formation of scar tissue. Bavinzski
et Al (1999) 5 examined six patients with
aneurysms that had been treated by GDC
three to seven days before histological exami-
nation. They found unorganized thrombus with
few fibroblasts. In a further six aneurysms in
which GDC coils had been inserted 9-14 days
earlier, granulation tissue was forming at the
periphery of the thrombus. In three giant
aneurysms with wide necks in which the GDC
coils had been placed 17-22 days earlier, throm-
bus was still evident. Fibroblasts covered the
coil surface, however, endothelialisation had
not occurred.

With regard to modifications to the
aneurysm wall

Romeike et Al (1999) 86 histologically exam-
ined an aneurysm 6.5 months after coil occlu-
sion with GDC. The aneurysm had been surgi-
cally clipped after angiography revealed resid-
ual filling. The aneurysm wall consisted of
dense connective tissue and collagen into
which the coil loops were embedded. Shimizu
et Al (1999) 98 histologically examined an
aneurysm 42 days after partial coil occlusion.
There was unorganized thrombus in the centre

of the aneurysm, but between the platinum
coils and the aneurysm wall they found capil-
laries and organization of the thrombus with
in-growth of fibre-rich connective tissue. This
course of events, independent of initial throm-
bosis, is probably significant for the long-term
stabilization of an aneurysm. Bavinzski et Al
(1999) 5 examined an aneurysm 54 months after
GDC coil placement. The coils were embedded
into fibrotic tissue rich in collagen. The
aneurysm wall was thickened and fibrosed, and
had incorporated coil loops.

These studies argue that modifications of the
surface properties of coils may increase our
success in achieving long-term exclusion of in-
tracranial aneurysms.

Coils detached by non-electrolytic mechanisms
do not appear to be less efficacious

The clinical effectiveness of GDC has been
verified in numerous publications (Graves et
Al 1995) 30. There is no convincing evidence
that coil systems with non-electrolytic detach-
ment mechanisms are less than comparably ef-
fective in any publication we know of.
Favourable results were achieved by Higashida
et Al (1991) 35 and Knuckey et Al (1992) 41 by
endovascular treatment of intracranial
aneurysms with free platinum coils. Casasco et
Al (1993) 12 treated 71 aneurysms with free fi-
bred platinum coils. All their complications
(four cases of parent vessel occlusion) could
have been avoided through the use of retrie-
vable coils. Complete exclusion of 94 % of
aneurysms with a diameter under 10 mm and
of 82% of aneurysms with a diameter of 10-
25mm is comparable to the efficacy of the pu-
blished GDC studies. In terms of recurrence,
their results of 5.5% (3 of 54) after an average
of 13 months in the initially completely filled
aneurysms are better than those in several
GDC series. Cekirge et Al (1996) 14 treated five
and Manabe et Al(1997) 48 treated 12 intracra-
nial aneurysms with mechanically retrievable
platinum coils (Interlocking Detachable Coil,
Target Therapeutics). The results are compara-
ble to those achieved with GDC. Koizumi et
Al (1997) 42, in a patient who had coil exclusion
of an aneurysm with a mechanical IDC system,
demonstrated endothelialisation around the
ostium histologically. These findings suggest
that non-electrolytic coil systems are able to
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achieve similar morphological results to elec-
trolytically detached coils.

Reul et Al (1997a,b) 83,84 filled eight aneu-
rysms with GDC and nine aneurysms with me-
chanically detachable Tungsten coils in rabbits.
Histologic examination after three and six
months found no organized intra-aneurysmal
thrombus in either group. Slightly more
favourable results were found in the mechani-
cally removable Tungsten coils, said to be due
to the more strongly thrombogenic surface of
these coils. The permanence of the exclusion of
the aneurysms was favourably influenced by an
initial dense filling. The administration of He-
parin did not have any recognizable disadvan-
tageous effect, also pointing toward the dubi-
ous significance of electrothrombosis, which is
suppressed by heparinisation.

Byrne et Al (1997b) 11 in an animal model
(pig), compared the effectiveness of GDC coils
and mechanically detachable Tungsten coils.
They compared intra-aneurysmal thrombus
formation, connective tissue formation, the in-
flammatory reaction and connective tissue for-
mation at the ostium. No difference was found
between the coil types. The authors stated " ...
the MDS [tungsten] coils were more thrombo-
genic than the GDC coils... Electrothrombosis,
which potentially enhances GDC thrombo-
genicity, appears to have little effect on the in-
duction of thrombus or its nature...". Tournade
et Al (2001) 109 described the treatment of 40
aneurysms using a total of 242 coil systems
from Cook, mechanically detached by manual
rotation of an attaching thread. The safety and
efficacy corresponded to those of GDC studies.
Pierot et Al (2002) 73 treated 78 patients with 80
intracranial aneurysms using 457 coil systems
from Micrus (detached by electrothermal inter-
ruption of a polymer thread). The angiograhic
and clinical results corresponded to those of
the published GDC studies. Lylyk et Al (2002)-

compared the non-electrolytic coil systems
from Cook (mechanical detachment by tortion
on a thread) GDC (electrolytic), Micrus (elec-
tro-thermal interruption of a polymer thread)
and Microvention (liberation of the coil at-
tached to a thin metal small tube by an epoxy
hose, through liquid injection into an air-free
small tube). No significant differences were
found with regard to the effectiveness and safe-
ty of these treatments.

The experimental investigations of Sorteberg

et Al (2001, 2002) 99,100 explain the effective
mechanism of coil occlusion of intracranial
aneurysms through haemodynamic modifica-
tions within the aneurysm lumen. By placement
of coils into the lumen of an aneurysm there is:
– a decrease of the pulse pressure amplitude
– a decrease of the rate of change of pressure
– a significant flow reduction in the aneurysm.

The mean pressure in the aneurysm remains
constant or even increases. In both studies,
GDC were employed. The authors do not refer
to possible effects of electrothrombosis in any
manner. The fact that an effect on blood flow
was demonstrable after the incorporation only
of one coil argues for a simple haemodynamic
effect of the coils.

Evidence from clinical cases

In our experience, when electrolytically de-
tached endovascular coils are used in circum-
stances of free flow, such as fusiform aneu-
rysms, varices, arteriovenous shunts or for ves-
sel occlusion, electrothrombosis is not clinically
evident on detachment. In these circumstances,
there is no clinically evident difference in be-
haviour between electrolytically detached coils
and other coil detachment systems. On the oth-
er hand, there is clearly greater occlusive effect
from fibred coils, either electrolytically or oth-
erwise deployed under these circumstances.

Conclusion

The concept of electrothrombosis for the
treatment of aneurysms has been explored for
over one hundred years. Neither the principles
from its historical application, nor the evidence
derived from animal studies can be applied to
current electrolytically detached coil systems.
It would seem unlikely that electrothrombosis
plays any part in modern endovascular in-
tracranial aneurysm treatment as whatever
thrombus formation occurs on the coil surface
by this mechanism is likely to pale into insigni-
ficance when compared to spontaneous throm-
bus formation and the direct effects of the coil
mass. The long-term goal of endovascular treat-
ment of aneurysms is to promote aneurysm
healing by encouraging formation of connec-
tive tissue and ideally a new intima over the o-
stium. It is doubtful that whatever intra-
aneurysmal thrombus does form at the time of
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coil placement contributes to achievement of
this long-term goal. New technologies aiming
to promote connective tissue formation or a

greater fraction of volumetric filling of the
aneurysm may result in superior long-term oc-
clusion rates.
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