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INTRODUCTION

Endovascular treatment of cerebrovascular disease has been evolving over decades. Recent
advances of science and technology, especially introduction of the detachable coil system in
early 1990’s, turned this restrictive tool into the most noticeable and promising technology in
modern neurosurgical field. The progression of technology has been too fast with overwhelming
amount of information on the treatment method making it very difficult to keep updated.

This article provides the basic principles and technologies that have not been changed during
past decades in spites of the technological advances. It also provides comprehension of new
technologies and materials, which have been recently introduced in the field of endovascular
neurosurgery.

General Idea of Endovascular Neurosurgery
Endovascular surgery is a minimally invasive surgery, because it requires very small incision

and exposure. It is also a remote surgery because the materials are manipulated through
microcatheter and wire outside the body far from the target. In the future, endovascular
surgery can be performed by robots operated by remote control and connect. Endovascular
technique is less invasive than other neurosurgical techniques.

However, endovascular neurosurgery becomes more complicated as the technology advances.
In the early stage, single microcatheter was required to deliver the coil into aneurysms. But,
these days, the artery is usually congested with multiple catheters, balloon or stent for the
treatment of challenging aneurysms. Thus, procedure does not seem to be ‘simple and safe’
anymore. However it is becoming better with advanced products and techniques. 

To be a revolutionary diagnostic method, safety was required for the percutaneous carotid
arteriogram since it was introduced by Moniz in early 1920’s63). Use of Iodine and catheter
navigation through the femoral artery established fundamental safety and thereafter every
efforts have been made to more improve the safety of the materials and technology83).

Safety of the endovascular procedure is also based on the safe angiography. Endovascular
products, like angiographic products, have been improved to be less traumatic to the arterial
wall, less thrombogenic, and more controllable to navigate the arterial system easily.

Endovascular treatment of cerebrovascular disease includes occlusion of the lesion; aneurysm,
arteriovenous malformations (AVMs), arteriovenous fistulas (AVFs), and preoperative embolization

Recently, due to the evolution of technology, the field of neurosurgery is receiving spotlight. In particular
endovascular neurosurgery has gained a great interest along with the advancement of the modern neurosurgery.
The most remarkable advances were made in embolization of the cerebral aneurysms, arteriovenous
malformations and intracranial stenosis during the past 10 years. These advances will further change the
role of neurosurgeons in treating cerebrovascular disease. Because interventional neuroradiologists have
performed most of procedures in the past, neurosurgeons have been deprived of chances to learn endovascular
procedure. This article discusses the development of technological aspect of endovascular neurosurgery in
chronological order. By understanding the history and current status of the endovascular surgery, the future
of neurosurgery will be promising.
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of head and neck tumors, opening of the lesion; atherosclerotic
stenosis, acute thrombogenic occlusion, angioplasty for
vasospasm, delivery to the target; chemical angioplasty for
vasospasm, delivery of anticancer drugs, delivery of stem
cells, etc. (Table 1)

Endovascular neurosurgery has been evolving along with
improving endovascular materials and advancement in
techniques to apply these materials to the target. Introduction
of new materials have led improvement of treatment result.
For example, detachable coil system has been substituted
for detachable balloon in treatment of cerebral aneurysm
and n-Butyl-Cyanoacrylate (nBCA) for Polyvinyl Alcohol
(PVA) particles in cerebral arteriovenous malformation.
Improvement of clinical results encouraged people to expand
indications of endovascular neurosurgery from proximal
to distal arteries and from simple to complex lesions.

Several terms describing these procedures have been used
without distinction : intervention, endovascular surgery,
endovascular treatment, intravascular treatment. Although
interventional neuroradiology had an initiative in this field,
endovascular neurosurgery is a more comprehensive term in
the point of neurosurgeon’s view because many neurosurgeons
do these procedures by themselves instead of consulting
to interventional neuroradiologist for intervention. Actually,
the idea of intervention includes all therapeutic procedures
using X-ray and percutaneous access as well as intravascular
approach. There are many similar procedures in neurosurgery
such as spinal nerve or vertebral facet block, epidural injection,
vertebroplasty and kyphoplasty, balloon compression of
trigeminal ganglion, etc. These procedures and other
stereotactic neurosurgical procedures are not called as
intervention in neurosurgical field. Therefore, it is better to
use ‘endovascular neurosurgery’ rather than ‘neurointervention’
for the neurosurgeon’s procedure performed through the
vascular system.

SCIENCE AND TECHNOLOGY

Endovascular products include coils,
liquid embolic materials, stents, and
balloons as well as catheters and wires
for access and delivery. Successful
treatment needs both selection of
adequate materials for the target and
working safely and effectively with
them. Coils are useful to occlude
aneurysms immediately and to induce
endothelialization over the neck. This
could not be achieved with other
embolic materials. In contrast, glue is
the most effective material to penetrate

the nidus of the AVM and to maintain permanent occlusion.
This propensity had been settled by repeated process of
selection, test, and discard.

From 1991, Gugliemi Detachable Coil system (Target/
Boston Scientific, Fremont, CA) rapidly substituted the
detachable balloon system which had been widely used in the
treatment of cerebral aneurysms since its first introduction
by Serbinenko at the end of 1960’s28-31,84). The balloon
had limitations of size and shape and occasional shrinking
associated with recurrence or distal embolism. Liquid embolic
materials such as cyanoacrylate, which have no limitation in
size and shape were tested as a solution of these problems19,47,69).
But, in the absence of appropriate methods to control rapid
polymeric reaction and to protect parent artery from leakage
of the glue and adhesiveness, these experimental techniques
did not attain much of clinical attention. Recently, liquid
embolization of cerebral aneurysms using nonadhesive high
viscosity material (Onyx), has been performed in some
European centers. Although Onyx (Micro Therapeutics,
Irvine, CA, USA) is more controllable with balloon or stent
than cyanoacrylate, it is not comparable to detachable coils in
technical confidence, complication, and recurrence12,13,62,67,89,101).

Not selected frequently in the treatment of the aneurysm,
detachable balloon and glue are still useful in other endovascular
procedure. Detachable balloon is the first choice for treatment
of traumatic carotid artery cavernous sinus fistula (CCF) and
therapeutic occlusion of the internal carotid artery. Glue is a
principal material to embolize the arteriovenous malformation.
Several problems of cyanoacrylate such as catheter gluing,
difficulty in nidus penetration, and inhomogeneity of the
glue cast are almost resolved in Onyx.

Intracranial angioplasty, with stent insertion, has been a
challenge for a long time because the coronary stent is too
stiff to overcome tortuousity of intracranial artery. Two types
of stents have been developed for intracranial use. One is
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Table 1. Classification of endovascular procedure

Method Procedure Materials* Comment

Occlusion Aneurysm Detachable coils

AVMs nBCA Onyx�

AVFs Coils, balloon

Tumors PVA particles

Opening Atherosclerotic stenosis Stent Intracranial stent�

Acute thrombosis tPA, urokinase, platelet GP Stent or balloon for

IIb/IIIa inhibitors mechanical opening

Vasospasm Balloon

Delivery Vasospasm Papaverin Calcium channel blockers

Chemotherapy20,24,50) ACNU, etc. Various chemotherapeutic

agents with osmotic 

BBB disruption

Stem cell implatation2) Experimental
*Commonly used materials, �Currently not available in Korea
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for neck remodeling technique of broad neck aneurysm and
the other is for angioplasty of atherosclerotic stenosis. Finally,
endovascular neurosurgery is equipped with all line-ups of
proper products for neurovascular application and the newest
materials such as Onyx and intracranial stents are expected
to be available between 2007 and 2008 in Korea. Prospects of
endovascular neurosurgery can be discussed from viewpoints
of materials, skills and techniques, and clinical results.

In spite of repeated modification and development of
new products, the platinum has been the principal material
consisting detachable coil through the endovascular history.
Early platinum coils, which had variations only in diameter
and length have advanced and branched into complex-shaped
three-dimensional coils to improve aneurysm packing and
expand application to wide neck aneurysm. At the same time,
‘neck remodeling techniques’ using balloons or stents applied
to broad neck complex aneurysm. But, this advancement, by
contraries, brought out the weakness of coil embolization.
Coil compaction and recanalization of completely occluded

aneurysm has been a main problem of embolization and
increased case of embolization also increased the absolute
number of compaction or regrowth. To solve these problems,
coils were modified with polymers to add more therapeutic
effect on platinum coil. These modifications include enhancing
endothelization, increasing packing density, and promoting
thrombosis in the aneurysm.

Neck remodeling techniques had been performed exclusively
by several highly experienced experts because controlling
non-neurovascular balloons or stents was very difficult. Fatal
complications during learning curve made these techniques
unapproachable. But, introduction of neurovascular balloons
and stents that were more easy to use and less dangerous
made this technique more popular.

Currently, the advancement of technology lowered degree
of difficulty of the procedure as well as improved clinical
result. With numerous better materials, creative combination
of several materials could be tested.

Multiple catheter technique delivering several coils

Fig. 1. Detachable coil embolization of complex aneurysms. Stent assisted embolization (A, B, C). A : Before treatment. Previously, posterior
communicating artery (PCoA) aneurysm clipped, B : After treatment with Neuroform stent. C : 6 months follow up. Balloon assisted embolization (D,
E, F). D : Before treatment. E : During treatment, a balloon was placed across the neck. F : After treatment, a stent also deployed to reinforce the
neck area. Multiple catheter technique (G, H, I). G : Before treatment. PcoA arises from the aneurysm sac. H : Three catheters in the sac with different
direction. I : Subtotal occlusion to preserve PcoA.

A B C

D E F

G H I



simultaneously can make a complex frame that is useful in
wide neck or complex shaped aneurysm. This technique
provides stability of coil mesh in wide neck aneurysm
because multiple catheters uphold the coil and prevent
herniation. It also decreases the incomplete packing by
placing an additional catheter in the corner of the aneurysm
to where coil packing is difficult with single catheter. The
balloon and stent, which have been used separately, can
be applied synergically because the balloon increases packing
density and the stents enhances neck healing. So, diversity
of application can improve the results or make a demand
on manufacturer to develop new materials (Fig. 1).

Endovascular neurosurgery highly depends on technology as
well as surgeon’s skill. Creative idea also contributes evolution
of technology.

In overall, endovascular environment changes rapidly and
the most remarkable progresses have been made in treatment
of cerebral aneurysms, arteriovenous malformations, and
intracranial atherosclerotic stenosis.

CEREBRAL ANEURYSMS

Until 1990’s, detachable balloon embolization of cerebral
aneurysm had contributed significantly to complications.
Higashida et al.37) reported that among 215 aneurysms treated
with detachable balloons, only 40.9% of the aneurysms could
be occluded selectively and the rest was treated with parent
artery occlusion. The report concluded that this procedure
was useful for surgically difficult aneurysms in spite of their
surgical mortality of 9.8% and stroke incidence of 7.4%.

In 1991, Guglielmi Detachable Coil system introduced
and changed the paradime of the embolization. With this
system, almost every parent artery could be preserved while
occluding aneurysm sac more comfortably. The idea of
selective aneurysm embolization was finally realized after
30 years of vigorous exertion. Once the idea was translated,
this procedure has advanced rapidly by support of technology.

Detachable coil embolization, like balloon embolization,
was also an intravascular procedure however with has risks
of stroke or vascular injury. The risk of stroke, especially
thromboembolism, moved from large arteries such as internal
carotid or vertebrobasilar artery to smaller branches by use of
coils. Defects in products and poor skills were the reason for
vascular injury and aneurysm rupture during the procedure.
But, in selected aneurysm groups, coil embolization showed
and maintained superiority compared to microsurgery.
Naturally, with improvement of the products, applications
of endovascular procedure began to expand. Therefore, until
late 1990’s, one of the major concerns for endovascular surgery
was the relationship between geometry of the aneurysm

and success of the embolization. Complex-shaped three-
dimensional coils were better than simple helical shaped coil
in treating wide neck or complex aneurysm. But, the inherent
limitation of the coils resulted in the increased use of stents
or balloons. At that time, navigating intracranial arteries with
stents or ballons was very difficult and dangerous because
those products were hard and stiff only suitable for coronary
artery. But, because the idea of stent or balloon assisted neck
remodelling was the only solution for complex and wide
neck aneurysm, manufacturer finally developed new type
of stents and balloons for only this purpose. The 2000’s were
the era of balloon and stents that had expanded indications
of aneurysm embolization.

The international Subarachnoid Hemorrhage Aneurysm
Trial (ISAT) was the largest prospective randomized study
which had compared coiling with clipping. In spite of
criticism, this study verified that the coil embolization
could be a primary method to treat cerebral aneurysm
regardless of it’s location61). Several studies, which had
followed ISAT to insist superiority of each method, could
not reach an agreement because these studies also, like ISAT,
had shortness of patient selection bias, small cases, unequal
numbers of each procedure, or different experiences of
participators26,38,44). In 2007, Campi et al.11) compared
retreatment rate of patients enrolled in ISAT. In 1096 coiled
patients, retreatment rate was 17.4% in mean 20.7 month
and rebleeding rate was 0.6%. On the contrary, among
1012 clipped patients, only 3.8% of them were retreated in
mean 5.7 months and rebleeding rate was 0.3%. Young age,
large parent artery, and incomplete occlusion were considered
to be contributing factors that predispose retreatment.

Pandey et al.73) reported procedure related mortality and
morbidity 5.1% in their 10 years experience of 275 patients
from 1995. Complete or near complete occlusion more
than 95% were achieved in 87.8% of the aneuryms and
recanalization occurred in 24.5% of whom 4.9% required
retreatment. In another series of van Rooji et al.,98) morbidity
2.6%, 1.3% mortality, 94.5% of ＞90% occlusion rate,
recanalization rate of 16.2% and 14.3% retreatment. Higashida
et al.38) analysed 2535 patients treated by clipping or coiling
in 429 hospitals in United States from 1998 to 2000. They
concluded endovascular surgery has advantages of shorter
inhospital course as well as lower costs, furthermore mortality
and morbidity were 0.9% and 6.6% that lower than 2.5%
and 13.2% of clipping cases (Table 2).

Studies comparing usefulness of coiling and clipping may
not be very useful because the prospective randomized studies
don’t necessarily represent all cases equally and its significance
is not widely accepted. Moreover, endovascular environment
may already been changed with newer products when the
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randomized study has completed because progression of
technology was very rapid in endovascular field. Endovascular
surgery is no more competitor of microsurgery. Neurosurgeons
should regard endovascular surgery as a new tool helping
them to treat aneurysms safely and easily since the advantages
and disadvantages of the coiling and the clipping have been
witnessed. Judicious application of these treatment options
will improve the clinical outcome.

Debates on endovascular surgery of cerebral aneurysms
include natural course and long term effect of completely
or incompletely occluded aneurysms, effectiveness of coiling
of giant or very small aneurysm, endovascular treatment of
aneurysms having mass effect or cranial nerve symptoms,
and usefulness of modified coil.

One of the key issues of coil embolization is how many
aneurysms recur after complete occlusion and how many
aneurysms rupture due to recurrence. Healing of the
aneurysm completed when the aneurysm excluded from
the parent artery by endothelialization across the neck59).
But, this endothelialization may occur incompletely as a thin
membrane on the surface of the coil78,79). This effect based
on animal study and human case was rarely reported40).
Incomplete endothelialization across the neck may pose
weakness to continuous hemodynamic forces and prone to
compaction of coil mesh or recurrence of the aneurysm.
Bleedings after complete occlusion were usually related to
coil compaction, migration, and dislocation3).

With high coil packing density, coil compaction rarely
occurs and the aneurysm immediately occluded completely97).
The lowest packing density to prevent coil compaction has
been reported as about 24%46,85,88). On the contrary, the
maximum coil packing density was reported as 37% and
packing more coils above this level is very difficult75). The
difference between minimum and maximum coil packing
density is so small that the effort to increase the coil packing
density by more coil insertion may not be always successful.
This situation requires modified coils to prevent compaction
and enhance aneurysm healing with same coil packing density.

Matrix coil system (Boston Scientific, Fremont, CA) was
the first modified coil of which the platinum coil surface was
coated with polyglycolic/lactide copolymer. This copolymer

promotes clot organization in the aneurysm sac and eventually
enhances aneurysm fibrosis and endothelialization over the
neck65,66). Cerecyte coil system (Micrus Endovascular, San
Jose, CA) was similar to Matrix in composition but the
copolymer was loaded inside the platinum coil loop.

Hydrogel is the another type of copolymer, which was
adopted in Hydrocoil (MicroVention, Aliso Viejo, CA).
This polymer was also coated on the surface of platiunum
coil and expands more than twofold in the blood increasing
packing density18,25).

These modified coils have not been used widely in spite of
several positive results because handling of these coils were
not easy as bare platinum coils and the polymers sometimes
caused chemical reaction such as aseptic meninigitis when
different type of copolymers were used in combination17,45,48).

On the contrary to recanalization of completely occluded
aneurysm, incompletely treated aneurysms having residual
sac or residual neck often show progressive thrombosis and
complete occlusion especially in very small aneurysms or
aneurysms treated with modified coils17,34,45,48).

Rebleeding rate after embolization with bare platinum
coils reported from 0.45% to 1.27% and the modified
coils assumed to have similar rate11,51,64,87). Therefore, image
follow up is necessary to detect recanalization, compaction,
and regrowth early before rebleeding.

Giant aneurysm has been treated by selective coil occlusion
of the aneurysm sac or parent artery occlusion with or
without aneurysm occlusion. Proximal artery occlusion
reverses the flow direction and decreases the stress to the
aneurysm sac. These hemodynamic chances finally induce
shrinkage of the sac or cease further growth or rupture of the
aneurysm54). Sometimes, severe stroke ocurrs after proximal
occlusion in spite of negative balloon occlusion test. Rarely,
rapid thrombosis in the sac after blood flow disruption
aggravates mass effect of giant aneurysm9).

Selective coil occlusion of the giant aneurysm usually
resulted coil compaction with the rate up to 70%27,86).
Some giant aneurysms located distal to the circle of Willis
show good results in occlusion, decreasing mass effect, and
less recurrence6). But, in general, coil embolization of giant
aneurysm is less effective in decreasing mass effect and instead
may aggravate the mass effect especially in vertebrobasilar
system. Proximal occlusion of giant aneurysm in vertebr-
obasilar system is effective in decreasing mass effect, but
rebleeding may occur unless the aneurysm is trapped55).
Trapping is the most effective method to decrease mass
effect and prevent rebleeding because it completely excludes
a aneurysm from blood flow72).

Temporary balloon occlusion of parent artery during
microsurgery may be useful as an adjunct of clipping80).
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Table 2. Results of aneurysm embolization

Author Mortality Morbidity Rebleeding Retreatment

Campi et al. 0.6% 17.4%

0.3%* 3.8%*

Pandey et al. 4.9%

Van Rooji et al. 1.3% 2.6% 14.3%

Higashida et al. 0.9% 6.6%

2.5%* 13.2%*

*Results of clipping



Stent graft has shown good result in some cases of giant
aneurysm but still experimental41,74).

Early detection of very small aneurysms has been increased
due to advancement of non-invasive imaging development
but treatment of these aneurysms is still controversial. Coil
embolization of small aneurysms less than 3 mm in diameter
is technically difficult. It is often difficult to achieve complete
occlusion because only one or two short coils can be inserted
in these aneurysms. But, progressive thrombosis and complete
occlusion have been reported with low recurrences34,52,92).

Oculomotor nerve palsy by posterior communicating
artery aneurysm usually recovers after successful embolization.
Some of them recover incompletely, but there is no difference
with clipping in recovery rate. Incomplete occlusion of the
aneurysm is the main reason of incomplete or no recovery.
Reappearance of resolved symptom indicates aneurysm
regrowth1,5,8,14,39,91,103). Visual field deficit caused by optic
nerve compression by the aneurysm did not recover well
whatever the treatment is. These aneurysms are usually very
large; therefore coil embolization may not decrease the mass
effect70,71).

Balloon assisted neck remodeling techniques is frequently
used after introduction of low profile balloon58,81). This
technique is useful in embolization of wide neck or complex
neck aneurysms, and also can avoid life-long use of antiplatelet
agents. Stenting after balloon assisted coiling was reported
to provide better long-term occlusion rate than only stent
assisted coil embolization21,57,68,82,93).

CEREBRAL ARTERIOVENOUS
MALFORMATIONS

Embolization of cerebral AVMs is now in transition due
to development of non-adhesive liquid embolic system.
There always have been significant complications related to
this procedure since when Luessenhop introduced AVM
embolization using spheres in 1960. Old data show high
morbidity varying from 1.4% to 50% and mortality from
0.9% to 4%. But, recent experiences using nBCA show
decreased morbidity from 6.5% to 18.3% and mortality
from 0.7% to 2%32,33,49,53,56,60,76,95).

These are still high because increasing complication rate
by this treatment in multidisciplinary treatment is rarely
tolerable (Table 3).

The nBCA, which has been the most useful liquid embolic
agent for a long time despite its awkward adhesiveness, is
now being replaced by non-adhesive liquid embolic materials,
the Onyx16).

Non-adhesiveness of the Onyx can be explained by its
precipitation reaction rather than polymerization of nBCA.

When the Onyx contacts with blood or arterial wall, outer
layer harden but the center still remains to be gel state for
a significant time. Therefore, it can be injected with time
without severe catheter gluing. It also solidifies like a sponge
to make a uniform cast in the artery, so it makes less recurrence
and is easy to cut with microsurgical instrument. The
Ethylen-co-Vinyl Alcohol (EVAL or EVOH), which is the
main material composing the Onyx, was first introduced in
cerebral AVM embolization in 1990 by Taki et al.94) EVAL
requires Dimethyl Sulfoxide (DMSO) as a solvent to solve
copolymer. DMSO has significant toxicity and induces
severe vasospasm when injected in artery. This toxicity can
be prevented when the DMSO injected less than the rate
of 0.1 ml/min. FDA approved the Onyx, which is composed
of EVAL in DMSO solution and Tantalum powder for
radiopacity for treatment of cerebral AVMs in 2005.

The Onyx still has a significant procedure related compli-
cation rate similar to nBCA23,35,42,99,100). But, it could decrease
the total number of procedures per a patient and increase
nidus occlusion rate significantly. The Onyx may increase the
number of AVMs that could be cured by embolization only
and may improve the result of postembolization microsurgery
and radiosurgery. Although the Oynx is close to the ideal
liquid embolic material, the risks related to the use of DMSO
should be improved.

Partial embolization of cerebral AVMs may increase or
decrease bleeding or rebleeding rate7,96). Rebleeding rate
after embolization varies from 2.0% to 8.7% and the volume
reduction less than two third or 90% was pointed as a cause
of rebleeding33,36,77,102). But these reports were based on the
nBCA experiences, and the Onyx is expected to decrease
rebleeding.

INTRACRANIAL STENOSIS

In Comparison of Warfarin and Aspirin for Symptomatic
Intracranial Arterial Stenosis (WASID) study, 19.7% patients
who had more than 50% of intracranial artery stenosis and
had been treated with aspirin had recurrent ischemic stroke
within 2 years15). As an alternative treatment for these patients,
warfarin had no superiority to aspirin. Clopidogrel for
High Atherothrombotic Risk and Ischemic Stabilization,
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Table 3. Results of AVM embolization

Period Materials Morbidity* Mortality

Old Before Mid Various 1.4-50% 0.9-4%

80’s and Early 90’s

Recent After Mid 80’s nBCA 6.5-18.3% 0.7-2%

New After 2000 Onyx 4-14.2% 0-2.3%
*Usually means permanent neurological deficits excluding transient deficit
and product related complications such as catheter gluing



Management and Avoidance (CHARISMA) study also
showed that combination of asprin and clopidogrel did not
significantly decrease ischemic stroke than aspirin only4).
Therefore, medically intractable patients need more effective
treatment. The intracranial arterial stenting with antiplatelet
agents can be another solution.

Intracranial stents have been applied to the medically
intractable intracranial artery stenosis in foreign country for
several years. There are many kinds of intracranial stents
and they are divided into two types; self-expandable, and
balloon-expandable.

The advantages of these stents have improved the safety
and stent delivery success rate.

The Gateway Balloon-Wingspan Stent System (Boston
Scientific, Natick, MA) deploys self-expandable stent after
predilatation with balloon. Procedure success rate has been
reported be 98.8% and the procedure related major compli-
cation and death rate 6.1% in US multicenter experiences,
in 82 lesions of 78 patients22). The 6 month follow up results
shows, ipsilateral stroke/death rates of 4.5%, 7% at 30 day,
6 month respectively, and overall mortality 2.3%10).

Apollo stent (MicroPort Medical, Shanghai, China) is a
balloon expandable intracranial stent and showed 91.7%
procedure success rate, 6.5% 30-day stroke rate, and 25%
restenosis43).

Stenting of Smptomatic Atherosclerotic Lesions in the
Vertebral or Intracranial Arteries (SSYLVIA) study enrolled
61 patients and treated their intracranial artery and extra-
cranial vertebral artery stenosis with balloon expandable
NEUROLINK intracranial stent system (Guidant, Santa
Clara, CA). SSYLVIA showed 95% procedure success rate,
6.6% and 7.3% of recurrent stroke rate at 30 days and 1 year
repectively, and 32.4% of restenosis of intracranial artery
(＞50% stenosis)90).

Some of these intracranial stents will be available in Korea
by 2008.

ENDOVASCULAR NEUROSURGERY IN KOREA

Currently, over 80 centers in Korea run endovascular
team for cerebrovascular disease. However, interventional
neuroradiology is still being dominant, despite increasing
number of neurosurgeons in their activities. About 10
hospitals run neurosurgical teams and in about 20 hospitals,
neurosurgical teams work with interventional neuroradiology.
Seven hospitals have endovascular fellowship program for
neurosurgeons and 6 neurosurgeons are currently in the
training course. The ratio of interventional neuroradiologist
to endovascular neurosurgeon is about 2.5 : 1. Out of 80
centers, 10% are not associated with universities. This ratio

will be increased because angiography equipment is now
easily available and properly trained physicians are increasing.

At the beginning of 1996, less than 100 cerebral aneurysms
were treated with coils, but this number increased to 2, 200
by 2006, more than 20 times increase within 10 years. Con-
sidering procedures performed to other cerebrovascular
disease, endovascular treatment has significantly contributed
to the modern neurosurgery.

The Korean Intravascular Neurosurgery Study Group met
in 1995 and later changed its name to KSIN (Korean Society
of Intravascular Neurosurgery). It hosts monthly and annual
scientific meetings. It also publishes the biannual magazine
“The Journal of Korean Society of Intravascular Neurosurgery”
(April and October).
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