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INTRODUCTION 

Cerebral vascular malformations comprise arteriovenous malformation (AVM), 
dural arteriovenous fistula (DAVF), cerebral cavernous malformation, develop-
mental venous anomaly, and capillary telangiectasia. DAVF is an acquired vascular 
malformation that is different from parenchymal AVM. DAVF comprises direct 
shunting between dural feeding arteries and venous sinuses without a nidus [1-3]. 
It is found in various locations, including the cavernous sinus (CS), transverse–sig-
moid sinus, tentorium/torcula, and cerebral convexity. Although endovascular 
embolization with transarterial or transvenous approach is the main treatment for 
the obliteration of DAVF and surgical resection is rarely used, stereotactic radio-
surgery (SRS) alone or SRS in combination with embolization has recently been 
used more frequently as a treatment modality [4-7]. 

SRS has emerged as an alternative treatment to improve symptoms and occlude 
DAVFs. This article reviews patient selection, radiosurgical technique, and clinical 
outcomes of SRS as well as the pathogenesis, clinical presentation, and treatment 
options of DAVF. 

PATHOGENESIS 

DAVF is an acquired lesion resulting from events such as trauma, sinus throm-
bosis. One of the main theories relates to the development of dural sinus thrombo-
sis and/or venous hypertension [8]. It is hypothesized that normal arteriovenous 
shunts in the dura enlarge following sinus thrombosis in response to venous hy-
pertension. Increased blood flow via these shunts causes further venous hyperten-
sion. However, not all patients with sinus thrombosis develop DAVF, and some 
DAVF are seen without evidence of sinus thrombosis. Another theory is that an-
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Stereotactic radiosurgery for dural 
arteriovenous fistula 
Seong-Hyun Park, MD 

Department of Neurosurgery, Kyungpook National University Hospital, Kyungpook 
National University School of Medicine, Daegu, Korea 

Dural arteriovenous fistula (DAVF) is an arteriovenous shunt in the dural wall that 
accounts for approximately 10% of cerebral arteriovenous malformations. Endovas-
cular embolization is the primary treatment for DAVF if surgical treatment is con-
traindicated in a high-risk patient. However, it is often difficult to completely oblit-
erate the fistula using endovascular embolization, and complications often arise 
from this procedure. Stereotactic radiosurgery has recently emerged as an effective 
and safe treatment option for DAVF and has demonstrated acceptable clinical out-
comes. 

KEY WORDS: Arteriovenous fistula, Arteriovenous malformations, Radiosurgery
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giogenic factors released from the brain or dura promote the devel-
opment of blood vessels in response to local factors, such as venous 
hypertension, resulting in the formation of DAVFs [9]. Hyperco-
agulability may also predispose patients to venous sinus thrombo-
sis and the development of DAVFs [10]. 

TREATMENT MODALITY 

The standard diagnostic test for DAVFs is digital subtraction an-
giography. It allows the identification of the feeders and venous 
drainage as well as determination of the location and size of the fis-
tulas. DAVFs are classified according to the Borden [11] and 
Cognard classification systems [12] (Table 1). The Borden classifi-
cation system has three groups based on venous drainage site and 
cortical venous drainage (CVD). Cognard’s classification system in-
cludes five groups based on venous drainage site, flow pattern in si-
nus, and CVD. Borden type 1 or Cognard type I or IIa are consid-
ered benign or low-risk DAVFs. Borden type 2 and 3 as well as 
Cognard type IIb, IIa+b, III, and IV are aggressive and high-risk 
DAVFs. 

DAVFs with an aggressive nature, such as cerebral hemorrhage 
or other severe symptoms, require active treatment. Some DAVFs 
without CVD follow a benign clinical course and respond to con-
servative therapy [13]. DAVF can cause cerebral hemorrhage, sei-
zure, and progressive neurological symptoms. Symptoms of 
DAVFs depend on their location, ranging from pulsatile tinnitus 
associated with DAVFs in the transverse–sigmoid sinus, to ocular 
pain and chemosis associated with DAVFs in the CS. The choice 

of treatment depends on factors related to the lesion or the patient, 
such as fistula location, flow profile, angiographic features, and 
clinical symptoms or signs [14]. CVD, venous ectasia, hemor-
rhage, and progressive clinical course are critical factors that indi-
cate the need for an active therapeutic intervention. To completely 
occlude fistulas, it is important to determine the treatment meth-
ods to be prioritized, the methods that can be used alone, and 
those that can be used in combination with others. Endovascular 
treatment is the main treatment method for DAVFs with venous 
hypertension or progressive neurological deficits [5,6]. Endovas-
cular embolization of DAVFs is often incomplete because of diffi-
cult vascular approach, accidental migration of embolic materials, 
insufficient embolization, or the complex angioarchitecture of 
these fistulas. Incomplete embolization can cause surrounding ves-
sels to pool, leading to an even more dangerous situation. SRS can 
be a suitable treatment modality for DAVFs without high-risk situ-
ations such as cerebral hemorrhage. SRS may be performed when 
a conventional approach is dangerous, or in case of incomplete re-
sults after previous treatments, and even when there are surgery or 
endovascular embolization-related risks. SRS alone has been rec-
ommended for asymptomatic patients or patients with minor 
symptoms and those without aggressive angiographic features 
such as CVD. 

STEREOTACTIC RADIOSURGERY 

Stereotactic radiosurgical technique is described in the Table 2. 
Stereotactic radiation targets both dural feeder arteries and fistulas, 
causing radiation-induced vessel hypertrophy, finally leading to oc-
clusion of the fistulas (Fig. 1). Recently, SRS was recommended as Table 1. Classification of dural arteriovenous fistulas

Borden classification

 1 Venous drainage directly into the dural venous sinus or 
meningeal vein

 2 Venous drainage into the dural venous sinus with CVD

 3 Venous drainage directly into subarachnoid veins (CVD 
only)

Cognard classification

 I Venous drainage into the dural venous sinus with  
antegrade flow

 IIa Venous drainage into the dural venous sinus with  
retrograde flow

 IIb Venous drainage into the dural venous sinus with  
antegrade flow and CVD

 IIa+IIb Venous drainage into the dural venous sinus with  
retrograde flow and CVD

 III Venous drainage directly into subarachnoid veins (CVD 
only)

 IV Type III with venous ectasias of the draining subarachnoid 
veins

 V Direct drainage into spinal perimedullary veins

CVD: cortical venous drainage.

Table 2. Stereotactic radiosurgical technique for DAVFs

Treatment course Comment

1. Patient selection All DAVFs were diagnosed us-
ing conventional cerebral an-
giography.

2. Head frame fixation Proper frame placement is im-
portant depending on the lo-
cation of the DAVF.

3. Stereotactic CT or MRI Identifying adjacent critical 
structures

4. Stereotactic cerebral angiography Targeting the DAVF

5. Dose planning Proper dose selection and de-
fining the DAVF in the wall of 
a venous sinus

6. Stereotactic radiosurgery Gamma Knife, etc.

7. Imaging follow-up Cerebral angiography 2 or 3 
years after radiosurgery

DAVF: dural arteriovenous fistula, CT: computed tomography, MRI: 
magnetic resonance imaging.
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SRS for DAVF

a non-invasive, low-risk treatment option for DAVFs if a risk asso-
ciated with conventional treatment exists or if the previous treat-
ment has failed. In terms of SRS, it is often difficult to define com-
plex fistulas in the venous sinus wall when planning treatment be-
cause DAVFs have a complicated angioarchitecture. Thus, selective 
angiography is required as part of treatment planning to account 
for multiple fistulas being fed by various arteries. Critical feeders 
may be missed if selective angiography is not performed. The ra-
diosurgical target should be limited to the arteriovenous shunt; 
however, the surrounding venous sinus is likely to be irradiated. 
Nevertheless, unlike AVM, venous sinus irradiation does not ap-
pear to be a major concern, and similar treatment effect in noted 
for DAVF with transvenous embolization. 

In high-risk patients with aggressive features, good treatment re-
sults are rarely reported in cases where SRS alone is performed ac-

cording to patient’s preference. This may be owing to the low flow 
pattern of DAVFs. Except for the latency period, active treatment 
with non-invasive SRS is often helpful in improving neurological 
symptoms because the time to improvement of symptoms after 
SRS is relatively short. SRS often results in a higher complete oc-
clusion rate with symptom improvement. Typically, DAVF occlu-
sion occurs within 1 to 3 years after SRS. The latency period be-
tween SRS and complete occlusion is one of the main drawbacks 
of SRS. Compared with AVMs, DAVFs seem to more promptly re-
act to SRS because the shunt size in DAVFs is smaller than that in 
AVMs [15,16]. Moreover, slow occlusion of DAVFs may reduce 
the likelihood of venous hypertension [17]. 

Complete occlusion was reported in 56% of DAVFs with CVD 
and in 75% of DAVFs without CVD [18]. DAVFs without CVD 
were associated with a significantly higher rate of complete occlu-

Fig. 1. (A) Magnetic resonance imaging (MRI) showed an intracerebral hemorrhage on the left basal ganglion. Before stereotactic ra-
diosurgery, (B) an anterior angiographic view of the right internal carotid artery and (C) lateral view of the right external carotid artery 
(ECA) show dural arteriovenous fistulas (DAVFs) involving the cavernous sinus with cortical venous drainage (B). (D) Dose planning 
shows the integration of stereotactic angiography and MRIs. The DAVF was treated with a radiation dose of 16 Gy at the 50% isodose 
line. (E) A lateral angiographic view of the right ECA obtained 2 years after stereotactic radiosurgery revealed complete obliteration of 
the fistulas.

A

D E

B C
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sion after SRS than DAVFs with CVD. DAVFs with CVD have a 
higher risk of hemorrhage and a lower occlusion rate than DAVFs 
without CVD. CS DAVFs were associated with higher rates of 
obliteration than transverse–sigmoid DAVFs, which have a com-
plex angioarchitecture [19,20]. A larger size, recanalization, and 
different shunting flow are associated with poor treatment out-
comes in transverse–sigmoid DAVFs. CS DAVFs were associated 
with better clinical outcomes than DAVFs of the transverse–sig-
moid sinus. 

Asymptomatic, low-risk DAVFs may be conservatively treated. 
However, several DAVFs progress gradually, with symptoms wors-
ening until a seizure or cerebral hemorrhage occurs. If they are lo-
cated in the transverse–sigmoid sinus, active therapeutic interven-
tion can be considered, even for DAVF with a benign course. 
DAVFs with CVD have a higher risk of hemorrhage and incom-
plete occlusion rate than those without CVD. Transverse–sigmoid 
sinus DAVF are more likely to be accompanied by CVD and have 
more aggressive angiographic features than CS DAVF. 

Endovascular embolization has a potential risk of ischemic com-
plications and migration of embolic material. Transvenous emboli-
zation affects patients at risk of cerebral hemorrhage owing to ve-
nous hypertension. CS embolization can cause cranial nerve dam-
age. Cranial nerve signs after embolization may be due to progres-
sive thrombosis of the CS, mass effect from the coils, or direct 
damage to the nerve by coils. Yoshida et al. [21] reported that 
complications such as cranial nerve palsy, brain stem infarction, 
and intracerebral hemorrhage were observed in the form of perma-
nent morbidity in 7% of the patients and transient morbidity in 
14% of the patients. There are few reports on radiosurgery-related 
complications after SRS for DAVFs. Cifarelli et al. [22] reported 
that T2-weighted radiation-induced changes were observed in 
12% of the patients. 

CONCLUSION 

Depending on the patient’s condition and the angiographic fea-
tures of DAVFs, SRS may be an alternative and safe treatment mo-
dality for DAVFs. SRS can be performed when it is difficult to treat 
DAVF endovascularly or surgically or when the patient prefer a 
non-invasive treatment. 
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INTRODUCTION 

Deep brain stimulation (DBS) is an effective surgical option for medically in-
tractable movement disorders, such as Parkinson’s disease, dystonia, and tremor 
[1]. Proper diagnosis, timing of surgery and precise targeting are important factors 
for good clinical outcome of DBS. Unlike other surgery, clinical course of the DBS 
is not only determined by operation itself, but also by how electrical stimulations 
are performed after the operation [2-4]. In this review, DBS programming indi-
cates adjusting parameters of electrical stimulation of DBS. 

Adjustment of DBS parameter is only a modifiable factor affecting clinical out-
come of DBS [2,4]. However, many clinicians have difficulties in adjusting DBS 
parameters. This is because DBS parameters are not adjusted in clinical term, but 
have to be controlled in electrical or electrophysiological language [5]. Further-
more, mechanism of action how DBS improves symptoms of movement disorders 
is yet to be elucidated [6,7]. Therefore, most clinicians manage their patients who 
underwent DBS by personal experiences or anecdotal evidences rather than by 
understanding mechanisms of actions [4]. 

It is important to understand the mechanism of DBS not only because of the de-
sire to know, but also because of future development of neuromodulation. In the 
future, DBS is highly likely to be developed as a surgical treatment for several func-
tional brain disorders, such as pain, obsessive compulsive disorder, memory im-
pairment, addiction, and depression [7]. If more complex brain network modula-
tion is attempted without clearing up the confusion about the effect of DBS, there 
is a possibility that it will only increase confusion about why DBS is effective for 
these diseases.  
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Review Article Deep brain stimulation (DBS) is an effective surgical option for medically intrac-
table movement disorders. Adjustment of DBS parameters is the only modifiable 
factor that affects the clinical outcomes of DBS. It is very important to understand 
the basic functions of the basal ganglia and thalamus for successful DBS program-
ming. The amplitude, frequency, and pulse width define the volume of tissue acti-
vated, the pattern of artificial action potentials, and the selectivity of activated 
neural elements, respectively. Based on this knowledge, it is possible to obtain the 
maximum clinical benefits and minimum side effects by appropriately adjusting 
the electrical stimulation to the target structure. 

KEY WORDS: Deep brain stimulation, Electrophysiology, Basal ganglia, Move-
ment disorders
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BASAL GANGLIA AND THALAMUS 

In most cases, the stimulation targets of DBS are located in the 
basal ganglia and thalamus. Although there are some studies of new 
targets other than basal ganglia and thalamus, the evidence so far is 
insufficient to accept new targets as a promising treatment. There-
fore, it is very important to find out the basic functions of the basal 
ganglia and thalamus, which are the principal targets of DBS. 

To put it very simply, the basal ganglia regulates the thalamus 
with inhibitory fashions, while the thalamus facilitates the basal 
ganglia and the cerebral cortex [8]. This difference is due to the pri-
mary neurotransmitters used by the two organs. The output neu-
rons of basal ganglia give off the inhibitory neurotransmitter, gam-
ma-aminobutyric acid (GABA), and the driver neurons of thalamus 
uses the stimulatory neurotransmitter, glutamate [8] (Fig. 1). 

Functional concept of basal ganglia includes the striatum and 
the subthalamic nucleus (STN), the globus pallidus externus 
(GPe), the globus pallidus internus (GPi) and substantia nigra pars 
reticulate (SNr) responsible for output, and the GPe that control 
the functions of the basal ganglia [9]. Neurosurgeons may be more 
familiar with the names caudate nucleus and putamen than the 
striatum. Functionally, however, the caudate nucleus and putamen 
play same role in the brain, and both belong to the striatum. In ad-

dition, a structure called the nucleus accumbens also belongs to 
the striatum [8]. Input structures of the basal ganglia are striatum 
and STN. In the basal ganglia, the striatum inhibits the other struc-
tures while the STN activates the other structures. Balance be-
tween the striatum (inhibitory) and the STN (stimulatory) de-
cides actions of the basal ganglia. Even though GPi and SNr are 
separated from each other, both play the same role; the output 
structures of the basal ganglia [10]. The putamen is generally re-
garded to perform sensorimotor functions, so it is also referred to 
as sensorimotor striatum. The sensorimotor striatum is directly re-
lated to abnormal involuntary movement, such as Parkinson’s dis-
ease, dystonia, and tremor, so that it would potentially be a target 
of neuromodulation. However, the sensorimotor striatum is too 
large to stimulation with a small array of electrode so that it was 
not used to be a stimulatory target of DBS. Unacceptably high cur-
rent should be needed to modulate such a large target. 

The striatum stores procedural memory, different form of mem-
ory distinct from episodic memory. Episodic memory is generated 
from neural network activities of the limbic circuit including the 
hippocampal complex, temporal lobe, and basal forebrain. In con-
trast, the striatum stores procedural memory by itself, inde-
pendently from the limbic circuit. Therefore, people cannot con-
sciously recognize whether they have had a procedural memory or 
not before they execute a process by themselves. This characteris-
tic makes manifestation of procedural memory appear to be invol-
untary or automatic like special skills or habits of athletes, so called 
memory of the body. 

This procedural memory is activated by input signals from cor-
tex and thalamus, and is output through the GPi and SNr. Among 
them, output of sensorimotor procedural memory is in charge of 
the GPi, which is the one of major target of DBS. Because the 
STN, another input structure, is much smaller than the striatum, it 
have been used as another major target of DBS as the input struc-
ture of the basal gangalia. Thalamic recipient nuclei of the basal 
ganglia, i.e., ventral anterior (VA), ventral lateral (VL), and centro-
median parafascicular (CM/PF), are the other major target of 
DBS as the recipient structures. An additional target called zona 
incerta is a region located in the passage output axons pass 
through, called ansa lenticularis and lenticular fasciculus, from the 
GPi and SNr to the thalamic recipients [11]. 

The VA/VL activates sensorimotor cortex, which forms the stri-
ato-pallido-thalamocortical circuit. The CM/PF facilitates the stri-
atum, so that the striato-pallido-thalamostriatal circuit, an import-
ant feedback loop of basal ganglia, is made. When a trained motion 
is executed, specific forms of synchronized neural oscillation are 
found within these circuits. It is presumed that neurons connected 
to each other through synapses in these circuits sequentially acti-

Fig. 1. Basal ganglia network related to deep brain stimulation. 
Lines with arrowheads indicate glutamatergic fibers. The di-
rection of the heads indicates the axonal terminal. Lines with a 
round head indicate projection fibers using gamma-aminobutyr-
ic acid (GABA) as their neurotransmitter. The subthalamic nucle-
us (STN) and striatum are the main input structures of the basal 
ganglia. The globus pallidus internus (GPi) is an output structure 
of the basal ganglia. The centromedian parafascicular (CM/PF) 
nucleus and ventral anterior ventral lateral (VA/VL) nucleus are 
thalamic structures that receive output signals from the basal 
ganglia and relay them to the cerebral cortex.
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vate/suppress each other to execute specific movements, which in 
turn synchronized neural firing pattern are appeared. Importantly, 
specific forms of synchronized neural firing patterns were found in 
patients with Parkinson’s disease and dystonia. Synchronized neu-
ronal activity occurring in Parkinson’s disease or dystonia is ob-
served in different patterns. From this point of view, it can be un-
derstood that the type of abnormal movements expressed in Par-
kinson’s disease or dystonia is a phenomenon caused by abnormal 
synchronization of these circuits.  

MECHANISM OF ACTION OF DEEP BRAIN 
STIMULATION 

The classic concept of mechanism of action of DBS is called “de-
polarization block theory,” which indicates high frequency electri-
cal stimulation at deep brain nucleus reversibly suppresses neurons 
around the target [12]. Actually, this classic theory had successful-
ly explained how DBS is effective in such a several kinds of move-
ment disorders [13]. However, a lot of clinical phenomena and ex-
perimental findings could not be interpreted using the classic the-
ory [6]. In reality, the mechanism of action of DBS is much more 
complex. Shortly, a recently believed mechanism of DBS is in ac-
cordance of an increase of neural output from the target region, 
which overrides pathological synchronized neuronal firing by im-
posing a more regular signal on downstream nuclei [6,14]. 

Fundamentally, DBS is an extracellular electrical stimulation, so 
that electrophysiological properties of the extracellular stimulation 
to the neural tissue have to be considered [15-18]. When a single 
impulse of electrical stimulation is applied to a neuron, a single ac-
tion potential impulse may be induced [17,18]. An important is-
sue is whether high-frequency electrical stimulation evokes corre-
sponding action potentials, or suppresses regional neural activities 
[6,15]. Both issues are seem to be mutually contradicting. 
High-frequency stimulation with the therapeutic range (1−4 V, 
60−250 μsec, and 60−180 Hz) found to evoke entrained action 
potentials corresponding to the stimulation, while simultaneously 
activating of suppressing neural activities near a target [6,13,19-
22]. Many stimulus-related adverse effects, such as visual flashing, 
paresthesia, and tetanic muscle contraction, are caused by neural 
activation rather than suppression [23,24]. Experimental studies 
addressing signals from the neurons during DBS shown that the 
neural output from the stimulated region is increased [20-22]. 
Meanwhile, regional neural firing near a stimulatory electrode were 
found to be increased, decreased, or blocked at the same time [25]. 

High-frequency DBS at the STN in primates or rats has been 
shown to activate the GPi [6,20,21]. Increased glutamate level in 
the GPi during stimulation indicates activation of the STN by DBS 

[6,16,26,27]. Stimulating GPi in the therapeutic range in human 
or primate subjects, GABAergic output from the GPi increased by 
DBS, which suppressed the VA/VL nuclei of the thalamus 
[6,9,15,22,28]. Moreover, STN DBS was shown to increase neuro-
nal activity in the motor cortex, antidromically [15,29,30]. Facili-
tation of afferent neurons via the antidromic conduction of a fre-
quency-locked induced signal is strongly indicative that DBS facili-
tates rather than suppress the targeted nucleus [7,29]. 

DBS potentially modulates brain networks, and brain network 
modulation is achieved by neural signal propagation via axonal 
conduction [7,15,26,31-33]. Many studies have revealed abnormal 
patterns of synchronized neural activity across the brain network 
in several diseases [15,30-32,34-36]. Increased beta oscillations in 
STN and GPi have been reported as a relevant factor for character-
istic symptoms of Parkinsonism [30,31]. This oscillatory neural 
activity is desynchronized by DBS, and this desynchronization is 
associated with symptomatic improvements [30,31,35]. Patients 
with dystonia also have an abnormal pattern of oscillatory activity; 
i.e., low-frequency oscillation in STN and GPi. GPi DBS for dysto-
nia patients has been demonstrated to desynchronize abnormal 
oscillatory activity with symptomatic improvement [30,31]. 

DBS mimics lesioning not by suppressing targeted neurons but 
by activating so that producing white noise signal in the networks 
of targeted neurons [32]. Spontaneous spikes of the target region 
disappeared and were replaced by spikes evoked by a locked to 
stimuli of DBS [32]. DBS would therefore lead to active axons and 
silent somas. Since extracellular microelectrode recordings are bi-
ased toward recording action potential from cell bodies rather than 
axons, this would result in the appearance of decreased activity 
within the stimulated structure though efferent axons are excited. 
From a wider perspective, signal locked to DBS stimuli propaga-
tion via the orthodromic and antidromic channels finally affect the 
brain network [6,7,22,29].  

ROLE OF EACH PARAMETER IN DEEP BRAIN 
STIMULATION 

After implantation of DBS into a subjected target, clinicians have 
to determine features of electrical stimulation. Classically modifi-
able parameters are the amplitude, frequency and pulse width [3]. 
In this section, how each parameter plays its role in modifying 
brain functions in DBS will be described. 

Amplitude 
The amplitude is the main determinant for volume of tissue ac-

tivated (VTA) [37]. 
The amplitude may be indicative of the current or the voltage of 
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electricity. The relationship between current and voltage is Ohm’s 
law, i.e., V (voltage) = I (current) × R (resistance). If the resistance 
is constant, the voltage is linearly correlated with the current. Em-
pirically normal range of the resistance of the brain tissue is mea-
sured between 500 and 1,500 Ω, and the mean resistance is con-
sidered to be 1,000 Ω. Therefore, electrical stimulation of 1 V is 
corresponded to 1 mA in general. Increasing amplitude increases 
VTA [17,37-40]. In the therapeutic amplitude range, the VTA 
margin is estimated approximately 3 mm from the surface of the 
electrode [17,37]. If a clinician want to stimulate more volume of 
brain tissue, raising the amplitude is the most intuitive and reason-
able choice. However, estimating VTA in DBS may be difficult be-
cause the target structure of DBS is very complicated in terms of 
anatomy and electrical conductivity [17,39,40]. 

Active STN contacts are located at the dorsolateral border of 
this nucleus, where VTA may influence not only the nucleus, but 
also neighboring fiber bundles [3,11,15,24,41,42]. The posterolat-
eral portion of the ventral GPi is generally believed to be the best 
GPi DBS target, where lies near a major output fiber tract of the 
GPi, the ansa lenticularis [39,43,44]. These preferred locations, 
which were empirically chosen, also indicate that myelinated axons 
are the principal target of DBS [11,16,41,42]. The white matter is 
not considered an ideal location for a DBS because the electrical 
resistance of the white matter is 2 to 3 times higher than that of the 
gray matter and electronically anisotrophic [3,17,38,40]. When an 
active contact is located in the white matter, the VTA should be 
distorted and shrunken according to the fiber directions. 

Frequency 
The frequency of DBS determines the waveform of the action 

potential in the brain networks [20,32]. 
There is an endogenous neural activities constituted of specific 

patterns of action potential created by neurons [45]. Neurons in a 
VTA of DBS may be forced to produce action potentials, which are 
considered to be artificial neural activities. DBS creates artificial 
neural activities independent of endogenous neural activities. The 
therapeutic effect of DBS is related to patterns of facilitation of the 
relaying neurons of the stimulated axon (orthodromic conduc-
tion) or the afferent neurons of the targeted nucleus (antidromic 
conduction) [32]. 

Below frequency of 50 Hz, endogenous neural activity is not 
completely suppressed. For this reason, the endogenous neural sig-
nals and the artificial action potentials produced by DBS are coex-
isted, and they travel through the network at the same time. It is 
presumed that this characteristic makes the low-frequency DBS be-
low 50 Hz appear to enhance the pathological signal. Endogenous 
neural activities are completely suppressed and are substituted by 

the artificial action potentials above frequencies of 50 Hz [20]. 
Between 50 Hz and 150 Hz, the numbers of artificial action po-

tentials increases as the stimulation frequency increases. Mean-
while, the number of action potentials does not increase after 150 
Hz, and it may decreases after 200 Hz. This induced neural activity 
presents the highest response at approximately 130 Hz 
[20,21,32,35,46,47]. Interestingly, a clinical benefit of the DBS ac-
cording to change of the frequency follows features of generation 
of artificial action potentials [32]. When DBS is activated at the re-
gion of pathologic signal existed, this pathologic signal will be sup-
pressed not because DBS suppresses regional neurons but because 
DBS generates artificial signals that totally replace pathologic sig-
nals. This is a phenomenon corresponding to the reversible sup-
pression of stimulated area mimicking lesioning effect described 
by Dr. Benabid [20,27,32,35,48-50]. 

In summary, frequency is a parameter that determines what type 
of signal the stimulated neuron will transmit to the receiver. For 
this reason, even if stimulation is performed at a value higher than 
the optimal frequency, it does not provide additional clinical bene-
fit to the patient. Therefore, it can be said that there is an optimal 
value of frequencies for each patient. 

Pulse width 
The pulse width determines selectivity of DBS. In other words, 

the pulse width is the critical determinant for selecting which ele-
ment of a neural component is stimulated by electrical stimulation 
[15,17,51]. 

The pulse width refers to durations of an uninterrupted electri-
cal stimulation [52]. Usually, it is decided between 30 and 200 
μsec. To explain roles of the pulse width in DBS, it has to introduce 
the concept of chronaxie. The chronaxie indicates the time of elec-
trical stimulation with twice of the intensity of the minimum cur-
rent (Rheobase) that needs to induce the activation potential of a 
neuron. More simply, a chronaxie indicates how much time is re-
quired for a neuron to be stimulated. Chronaxies of myelinated 
axon has been measured as 30 to 100 µsec whereas that of the cell 
body has been measured as 1 to 10 msec [15,17,18]. 

Which neural element is the principal target of DBS among the 
cell body, axon and dendrite? At lower pulse widths, myelinated 
axons with larger diameters are selectively stimulated. Electrophys-
iological studies have shown that large diameter-myelinated axon 
is most easily excitable element in the neuron [6,7,17,18]. On the 
other hand, smaller diameter axons and cell bodies are also stimu-
lated in accordance with increasing the pulse width. It results in re-
duction of the selectivity of electrical stimulation, so that various 
types of neural elements in VTA will be activated non-selectively. 
Data regarding chronaxies indicate that stimulus pulse width of 



64 https://doi.org/10.52662/jksfn.2021.00073

Moonyoung Chung

DBS within the therapeutic range (60−250 μsec) stimulate my-
elinated axons much more easily than the cell body [15,17,18]. 

A large volume of clinical studies reported that a higher pulse 
width narrows the therapeutic windows of DBS, indicating range 
between amplitudes for clinical benefits and amplitude for side ef-
fects [23,37,52,53]. As described above, DBS with lower pulse 
width would selectively stimulate myelinated axons. The relation-
ship between a higher pulse width and narrowed therapeutic win-
dows could indicate that selective stimulation of myelinated axon is 
associated with better therapeutic windows. Therefore, the clinical 
effect of DBS was found to be related to the axonal activities rather 
than activities of the cell body at the target [16,21,22,29,32]. It has 
been reported that neural signals from axons induced by DBS 
showed regular and predictable patterns [22,25,26]. In contrast, 
microelectrode recording near the DBS electrode showed irregular 
activities of cell bodies [25]. The stimulus-locked artificial action 
potential of the axon, rather than activities of the cell body, is rele-
vant component for the symptomatic benefit of DBS [29,32]. 
Shortly, the pulse width mainly used in clinical practice is a low 
pulse width, which may selectively stimulate the myelinated axon. 

STRATEGY OF DEEP BRAIN STIMULATION 
PROGRAMMING 

Based on the theoretical knowledge described so far, it is possi-
ble to establish a DBS programming strategy based on a deductive 
judgment rather than an empirical one [2,4,45]. However, before 
establishing such a deductive strategy, it is necessary to confirm the 
clinical effect of each electrode during the initial stimulation after 
DBS. The strategy of DBS programming can be divided as monop-
olar review, initial programming, and follow-up programming. 
Strategy of follow-up programming should be considered separate-
ly for each target.  

Monopolar review and initial programming 
The timing of the initiation of electrical stimulation may be dif-

ferent for each institution [4]. For the author’s institution, the test 
stimulation is used to conduct 1 to 3 days after the operation, de-
pending on the patient’s postoperative clinical condition. In other 
institutions, electrical stimulation is started several weeks after the 
DBS operation when patients visit clinics. There is no consensus 
as to which method is correct. No matter when the stimulations 
are executed, the most institutions perform initial stimulation test 
to identify clinical responses. A regular DBS electrode consists of 
four contacts, and the patient’s symptoms are checked while stim-
ulating in monopolar mode from the deepest to the shallowest 
electrodes. This process is called “monopolar review”, and it deter-

mines the therapeutic threshold and adverse effect threshold of 
each contact [2]. Usually, the pulse width and frequency in mo-
nopolar review were fixed at 60 µsec and 130 Hz, respectively. The 
stimulation amplitudes increased sequentially from 0.5 to 4.0 V, or 
from 0.5 to 4.0 mA. 

The goal of the initial programming of DBS is to find optimal 
stimulation parameters for maximal clinical benefit by increasing 
the stimulation amplitude slowly. When stimulation benefits could 
not be obtained without producing adverse effects, changing the 
frequency may be tried first. Patients may report which frequency 
is most comfortable to them. The pulse width can be changed after 
a preferred frequency is determined. Increasing pulse width reduc-
es amplitude that needs to obtain best clinical benefit, but it also 
reduces therapeutic window of amplitude. Changes in pulse width 
can be regarded as a trade-off between clinical benefit and thera-
peutic window. After determining preferred frequency and pulse 
width, clinician may try to change figures of active contacts, such 
as numbers of active contact, and monopolar or bipolar mode. 

The follow-up programming for subthalamic nucleus deep 
brain stimulation 

The follow-up adjustment is performed in the outpatient clinic. 
Optimal stimulation parameters for each patient may depend on 
the patient’s clinical condition over time. The order in which the 
parameters were adjusted depended on the patient’s response to 
stimulation, with changes in the amplitude, frequency, and pulse 
width being made first, while changes in the active contact or stim-
ulation mode (monopolar or bipolar) were reserved for adverse ef-
fects. The optimal stimulation benefits, an appropriate battery life 
(3–5 years) and the minimization of adverse effects should always 
be considered when determining follow-up stimulation parameters. 

In the STN, somatosensory, associated, and limbic systems are 
segregated in a relatively small volume, and the surrounding brain 
tissues are very complicated, so even a small change in DBS param-
eters may make a large difference in symptoms [54]. Activation of 
adjacent structure may result in side effects such as spastic muscle 
contractions, gaze deviation, automomic symptoms, gait impair-
ment, and paresthesia [2]. These side effects can be overcome by 
reducing the amplitude or pulse width. Activation of unwanted 
circuits may result in unwanted change of brain functions such as 
dysarthria, depression and other psychiatric symptoms. Then cli-
nicians have to try to change active contacts or mode of stimula-
tion. The side effects accompanying the stimulation of the unwant-
ed target can be adjusted by changing active contacts, but the side 
effects of the inevitably accompanying stimulation are often diffi-
cult to completely eliminate. 

STN DBS is mainly used in patients with Parkinson’s disease. 
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There are three circuits related to STN DBS, i.e., corticosubtha-
lamic (Fig. 2; a), subthalamostriatal (Fig. 2; b), and subthalamo-
pallidal (Fig. 2; c). All these three circuit use glutamate as their 
neurotransmitter, so that DBS of each circuit results in activation 
of cortex, striatum, and pallidum, respectively, with inhibition of 
abnormal synchronized signals [5]. Activation of corticosubtha-
lamic circuit (Fig. 2; a) was reported as an effective route for re-
duce bradykinesia in an animal parkinsonian model [29]. Activa-
tion of subthalamostriatal circuit (Fig. 2; b) may activate striatum 
by glutamatergic output, so that reduces levodopa equivalent dose. 
However, it also aggravates levodopa-induced dyskinesia. In this 
situation, clinicians may reduce the dyskinesia by changing active 

contact to modulate subthalamopallidal circuits (Fig. 2; c), which 
will increase pallidal output and reduce dyskinesia. 

There are long-standing debates about best therapeutic target 
for Parkinson’s disease, i.e., STN or GPi. Huge number of studies 
addressed this issue, and it can be said that both targets are effec-
tive for treatment of Parkinson’s disease [55,56]. However, there 
are some noteworthy differences (Table 1). STN DBS is generally 
better for off-drug motor performance, and for reduction of 
levodopa equivalent dose [57-59]. GPi DBS is principally better 
for dyskinesia, and for lower psychiatric side effects. Many litera-
tures addressed that early clinical effects were more significant in 
STN DBS [60-62]. However, long term follow-up studies showed 
equivocal outcome between two targets, or superior outcome in 
GPi DBS [63,64]. 

The follow-up programming for globus pallidus internus 
deep brain stimulation 

GPi DBS has been used to treat both Parkinson’s disease and 
dystonia. Related brain circuits are striatopallidal, pallidothalamic, 
and subthalamopallidal circuits. Because the pallidothalamic cir-
cuit uses GABAergic neurotransmitter, GPi DBS results in increase 
of GABAergic output from the GPi, so that it inhibits activity of 
the VA/VL and CM/PF [5]. 

The primary therapeutic target of GPi DBS is hyperkinesia 
caused by abnormal basal ganglia activities. Increasing amplitude 
may be correlated to suppression of hyperkinesia. Excessive stimu-
lation of GPi DBS results in over-activation of GABAergic output 
(Fig. 3; b) to recipient nucleus, so that it may renders impairments 
in sensorimotor function such as dysarthria, and gait disturbance 
[65]. In this situation, reductions in the amplitude or pulse width 
may ameliorate these side effects [66]. The most common side ef-
fect of GPi DBS is dysarthria. In spite of the occurrence of dysar-
thria, patients are often accompanied by improvement of motor 
symptoms. And if the amplitude is lowered to eliminate dysarthria, 
the improvement of motor symptoms also tends to decrease. 

Fig. 2. Circuits related to subthalamic nucleus (STN) deep brain 
stimulation (DBS). STN DBS is indicated by the lightning symbol. 
Circuits affected by STN DBS are shown with dotted lines. The 
corticosubthalamic circuit (a) is activated antidromically. The 
subthalamostriatal (b) and subthalamopallidal (c) circuits send 
increased glutamatergic output signals to the recipient struc-
tures. GPi: globus pallidus internus, GABA: gamma-aminobu-
tyric acid, CM/PF: centromedian parafascicular, VA/VL: ventral 
anterior ventral lateral.

Table 1. Comparison of STN DBS vs. GPi DBS in Parkinson’s disease

Component Preference Note

Short-term motor score STN STN is better in off-drug conditions.

Long-term motor score GPi GPi is better in on-drug conditions.

Levodopa dose STN Significant reduction of dose in the STN target.

Tremor Equivalent STN is better in early treatment, but both are the same in the long-term.

Gait Equivalent Both targets are good, with slightly better effects in GPi.

Dyskinesia GPi GPi is obviously a better target for dyskinesia.

Cognition GPi GPi is considered to be better.

Mood GPi GPi is considered to be better.

Swallowing GPi No swallowing problem has been reported in GPi.

STN: subthalamic nucleus, DBS: deep brain stimulation, GPi, globus pallidus internus.
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When the increase of amplitude is not related to improvement of 
hyperkinesia, the frequency is needed to be changed. Higher fre-
quencies between 100 and 150 Hz may be beneficial in most cases, 
but lower frequency can be also beneficial for some patients. It was 
reported that chronic electrical stimulation of the GPi at 60 Hz is 
at least as effective as stimulation at frequencies of 130 Hz or high-
er, and can enhance tolerability of GPi DBS [48,49]. 

In contrast to dystonia, Parkinson’s disease is not a hyperkinetic 
disorder but a hypokinetic disorder. However, similar to the STN 
DBS, GPi DBS reduce parkinsonian motor symptoms, such as bra-
dykinesia, akinesia, and tremor. Axial symptoms are also a chal-
lenging component like STN DBS. This similar effect of GPi DBS 
may be related to antidromic activation of the striatum via striato-
pallidal circuit (Fig. 3; a). The most significant difference between 
STN and GPi DBS on Parkinson’s disease is effectiveness on 
levodopa-induced dyskinesia. GPi DBS reduce dyskinesia by di-
rectly increase of GABAergic outflow via pallidothalamic circuit 
(Fig. 3; b). Therefore, increasing amplitude does not deteriorate 
dyskinesia in GPi DBS while dyskinesia can be worsened by in-
creasing amplitude in STN DBS. 

CONCLUSION 

Successful DBS programming can be achieved by understanding 

of physiology of basal ganglia and property of electricity. The am-
plitude, frequency, and pulse width define VTA, pattern of artifi-
cial action potential, and selectivity of neural elements activated, 
respectively. Based on this knowledge, it is possible to obtain the 
maximum clinical benefits and minimum side effects by appropri-
ately adjusting the electrical stimulation to the target structure. 

CONFLICTS OF INTEREST  

No potential conflict of interest relevant to this article was re-
ported.  

REFERENCES 

1. Fasano A, Lozano AM. Deep brain stimulation for movement 
disorders: 2015 and beyond. Curr Opin Neurol 2015;28:423-36 

2. Koeglsperger T, Palleis C, Hell F, Mehrkens JH, Bötzel K. Deep 
brain stimulation programming for movement disorders: cur-
rent concepts and evidence-based strategies. Front Neurol 
2019;10:410. doi: 10.3389/fneur.2019.00410 

3. Kuncel AM, Grill WM. Selection of stimulus parameters for 
deep brain stimulation. Clin Neurophysiol 2004;115:2431-41 

4. Picillo M, Lozano AM, Kou N, Puppi Munhoz R, Fasano A. 
Programming deep brain stimulation for Parkinson’s disease: the 
Toronto Western Hospital algorithms. Brain Stimul 2016;9:425-
37 

5. Neumann WJ, Turner RS, Blankertz B, Mitchell T, Kühn AA, 
Richardson RM. Toward electrophysiology-based intelligent 
adaptive deep brain stimulation for movement disorders. Neu-
rotherapeutics 2019;16:105-18 

6. Johnson MD, Miocinovic S, McIntyre CC, Vitek JL. Mecha-
nisms and targets of deep brain stimulation in movement disor-
ders. Neurotherapeutics 2008;5:294-308 

7. Udupa K, Chen R. The mechanisms of action of deep brain 
stimulation and ideas for the future development. Prog Neurobi-
ol 2015;133:27-49 

8. Eisinger RS, Cernera S, Gittis A, Gunduz A, Okun MS. A review 
of basal ganglia circuits and physiology: application to deep brain 
stimulation. Parkinsonism Relat Disord 2019;59:9-20 

9. Parent A, Hazrati LN. Functional anatomy of the basal ganglia. I. 
The cortico-basal ganglia-thalamo-cortical loop. Brain Res Brain 
Res Rev 1995;20:91-127 

10. Parent M, Parent A. The pallidofugal motor fiber system in pri-
mates. Parkinsonism Relat Disord 2004;10:203-11 

11. Plaha P, Ben-Shlomo Y, Patel NK, Gill SS. Stimulation of the 
caudal zona incerta is superior to stimulation of the subthalamic 
nucleus in improving contralateral parkinsonism. Brain 2006; 

Fig. 3. Circuits related to globus pallidus internus (GPi) deep 
brain stimulation (DBS). The circuits affected by GPi DBS are 
indicated by dotted lines. The output signal of the striatopallidal 
circuit (a) collides antidromically. The pallidothalamic circuit (b) 
increases GABAergic output to the recipient thalamic nuclei. 
The subthalamopallidal circuit (c) may be antidromically acti-
vated. STN: subthalamic nucleus, GABA: gamma-aminobutyric 
acid, CM/PF: centromedian parafascicular, VA/VL: ventral ante-
rior ventral lateral.

https://doi.org/10.3389/fneur.2019.00410
https://doi.org/10.3389/fneur.2019.00410
https://doi.org/10.1016/j.brs.2016.02.004
https://doi.org/10.1016/j.brs.2016.02.004
https://doi.org/10.1016/j.brs.2016.02.004
https://doi.org/10.1016/j.brs.2016.02.004
https://doi.org/10.1007/s13311-018-00705-0
https://doi.org/10.1007/s13311-018-00705-0
https://doi.org/10.1007/s13311-018-00705-0
https://doi.org/10.1007/s13311-018-00705-0
https://doi.org/10.1016/j.nurt.2008.01.010
https://doi.org/10.1016/j.nurt.2008.01.010
https://doi.org/10.1016/j.nurt.2008.01.010
https://doi.org/10.1016/j.pneurobio.2015.08.001
https://doi.org/10.1016/j.pneurobio.2015.08.001
https://doi.org/10.1016/j.parkreldis.2019.01.009
https://doi.org/10.1016/j.parkreldis.2019.01.009
https://doi.org/10.1016/j.parkreldis.2019.01.009
https://doi.org/10.1016/0165-0173(94)00007-c
https://doi.org/10.1016/0165-0173(94)00007-c
https://doi.org/10.1016/0165-0173(94)00007-c
https://doi.org/10.1016/j.parkreldis.2004.02.007
https://doi.org/10.1016/j.parkreldis.2004.02.007


https://doi.org/10.52662/jksfn.2021.00073 67 

Deep brain stimulation programming

129(Pt 7):1732-47 
12. Benabid AL, Pollak P, Louveau A, Henry S, de Rougemont J. 

Combined (thalamotomy and stimulation) stereotactic surgery 
of the VIM thalamic nucleus for bilateral Parkinson disease. Appl 
Neurophysiol 1987;50:344-6 

13. Beurrier C, Bioulac B, Audin J, Hammond C. High-frequency 
stimulation produces a transient blockade of voltage-gated cur-
rents in subthalamic neurons. J Neurophysiol 2001;85:1351-6 

14. Shimamoto SA, Ryapolova-Webb ES, Ostrem JL, Galifianakis 
NB, Miller KJ, Starr PA. Subthalamic nucleus neurons are syn-
chronized to primary motor cortex local field potentials in Par-
kinson’s disease. J Neurosci 2013;33:7220-33 

15. Hammond C, Ammari R, Bioulac B, Garcia L. Latest view on the 
mechanism of action of deep brain stimulation. Mov Disord 
2008;23:2111-21 

16. McIntyre CC, Savasta M, Walter BL, Vitek JL. How does deep 
brain stimulation work? Present understanding and future ques-
tions. J Clin Neurophysiol 2004;21:40-50 

17. Ranck JB Jr. Which elements are excited in electrical stimulation 
of mammalian central nervous system: a review. Brain Res 
1975;98:417-40 

18. Rattay F. The basic mechanism for the electrical stimulation of 
the nervous system. Neuroscience 1999;89:335-46 

19. Benazzouz A, Gao DM, Ni ZG, Piallat B, Bouali-Benazzouz R, 
Benabid AL. Effect of high-frequency stimulation of the subtha-
lamic nucleus on the neuronal activities of the substantia nigra 
pars reticulata and ventrolateral nucleus of the thalamus in the 
rat. Neuroscience 2000;99:289-95 

20. Garcia L, Audin J, D’Alessandro G, Bioulac B, Hammond C. 
Dual effect of high-frequency stimulation on subthalamic neu-
ron activity. J Neurosci 2003;23:8743-51 

21. Hashimoto T, Elder CM, Okun MS, Patrick SK, Vitek JL. Stimu-
lation of the subthalamic nucleus changes the firing pattern of 
pallidal neurons. J Neurosci 2003;23:1916-23 

22. Montgomery EB Jr. Effects of GPi stimulation on human thalam-
ic neuronal activity. Clin Neurophysiol 2006;117:2691-702 

23. Moro E, Esselink RJ, Xie J, Hommel M, Benabid AL, Pollak P. 
The impact on Parkinson’s disease of electrical parameter set-
tings in STN stimulation. Neurology 2002;59:706-13 

24. Starr PA, Christine CW, Theodosopoulos PV, Lindsey N, Byrd 
D, Mosley A, et al. Implantation of deep brain stimulators into 
the subthalamic nucleus: technical approach and magnetic reso-
nance imaging-verified lead locations. J Neurosurg 2002;97:370-
87 

25. Cleary DR, Raslan AM, Rubin JE, Bahgat D, Viswanathan A, 
Heinricher MM, et al. Deep brain stimulation entrains local neu-
ronal firing in human globus pallidus internus. J Neurophysiol 

2013;109:978-87 
26. Lozano AM, Lipsman N. Probing and regulating dysfunctional 

circuits using deep brain stimulation. Neuron 2013;77:406-24 
27. Windels F, Bruet N, Poupard A, Feuerstein C, Bertrand A, Savas-

ta M. Influence of the frequency parameter on extracellular glu-
tamate and gamma-aminobutyric acid in substantia nigra and 
globus pallidus during electrical stimulation of subthalamic nu-
cleus in rats. J Neurosci Res 2003;72:259-67 

28. Anderson ME, Postupna N, Ruffo M. Effects of high-frequency 
stimulation in the internal globus pallidus on the activity of tha-
lamic neurons in the awake monkey. J Neurophysiol 2003;89: 
1150-60 

29. Gradinaru V, Mogri M, Thompson KR, Henderson JM, Deisse-
roth K. Optical deconstruction of parkinsonian neural circuitry. 
Science 2009;324:354-9  

30. Li Q, Qian ZM, Arbuthnott GW, Ke Y, Yung WH. Cortical ef-
fects of deep brain stimulation: implications for pathogenesis 
and treatment of Parkinson disease. JAMA Neurol 2014;71:100-
3 

31. de Hemptinne C, Ryapolova-Webb ES, Air EL, Garcia PA, Miller 
KJ, Ojemann JG, et al. Exaggerated phase-amplitude coupling in 
the primary motor cortex in Parkinson disease. Proc Natl Acad 
Sci U S A 2013;110:4780-5 

32. Li Q, Ke Y, Chan DC, Qian ZM, Yung KK, Ko H, et al. Thera-
peutic deep brain stimulation in Parkinsonian rats directly influ-
ences motor cortex. Neuron 2012;76:1030-41 

33. Ostrem JL, Starr PA. Treatment of dystonia with deep brain 
stimulation. Neurotherapeutics 2008;5:320-30 

34. Brown P, Oliviero A, Mazzone P, Insola A, Tonali P, Di Lazzaro V. 
Dopamine dependency of oscillations between subthalamic nu-
cleus and pallidum in Parkinson’s disease. J Neurosci 2001;21: 
1033-8 

35. Kang G, Lowery MM. Effects of antidromic and orthodromic 
activation of STN afferent axons during DBS in Parkinson’s dis-
ease: a simulation study. Front Comput Neurosci 2014;8:32. 
doi: 10.3389/fncom.2014.00032 

36. Weinberger M, Hutchison WD, Alavi M, Hodaie M, Lozano 
AM, Moro E, et al. Oscillatory activity in the globus pallidus in-
ternus: comparison between Parkinson’s disease and dystonia. 
Clin Neurophysiol 2012;123:358-68 

37. Butson CR, McIntyre CC. Tissue and electrode capacitance re-
duce neural activation volumes during deep brain stimulation. 
Clin Neurophysiol 2005;116:2490-500 

38. Butson CR, Cooper SE, Henderson JM, McIntyre CC. Pa-
tient-specific analysis of the volume of tissue activated during 
deep brain stimulation. Neuroimage 2007;34:661-70 

39. Cheung T, Noecker AM, Alterman RL, McIntyre CC, Tagliati M. 

https://doi.org/10.1159/000100803
https://doi.org/10.1159/000100803
https://doi.org/10.1159/000100803
https://doi.org/10.1523/jneurosci.4676-12.2013
https://doi.org/10.1523/jneurosci.4676-12.2013
https://doi.org/10.1523/jneurosci.4676-12.2013
https://doi.org/10.1002/mds.22120
https://doi.org/10.1002/mds.22120
https://doi.org/10.1002/mds.22120
https://doi.org/10.1097/00004691-200401000-00006
https://doi.org/10.1097/00004691-200401000-00006
https://doi.org/10.1097/00004691-200401000-00006
https://doi.org/10.1016/0006-8993(75)90364-9
https://doi.org/10.1016/0006-8993(75)90364-9
https://doi.org/10.1016/s0306-4522(98)00330-3
https://doi.org/10.1016/s0306-4522(00)00199-8
https://doi.org/10.1016/s0306-4522(00)00199-8
https://doi.org/10.1523/jneurosci.23-25-08743.2003
https://doi.org/10.1523/jneurosci.23-25-08743.2003
https://doi.org/10.1523/jneurosci.23-25-08743.2003
https://doi.org/10.1523/jneurosci.23-05-01916.2003
https://doi.org/10.1523/jneurosci.23-05-01916.2003
https://doi.org/10.1523/jneurosci.23-05-01916.2003
https://doi.org/10.1016/j.clinph.2006.08.011
https://doi.org/10.1212/wnl.59.5.706
https://doi.org/10.1212/wnl.59.5.706
https://doi.org/10.1212/wnl.59.5.706
https://doi.org/10.3171/jns.2002.97.2.0370
https://doi.org/10.3171/jns.2002.97.2.0370
https://doi.org/10.3171/jns.2002.97.2.0370
https://doi.org/10.3171/jns.2002.97.2.0370
https://doi.org/10.1152/jn.00420.2012
https://doi.org/10.1152/jn.00420.2012
https://doi.org/10.1152/jn.00420.2012
https://doi.org/10.1152/jn.00420.2012
https://doi.org/10.1016/j.neuron.2013.01.020
https://doi.org/10.1002/jnr.10577
https://doi.org/10.1002/jnr.10577
https://doi.org/10.1002/jnr.10577
https://doi.org/10.1002/jnr.10577
https://doi.org/10.1152/jn.00475.2002
https://doi.org/10.1152/jn.00475.2002
https://doi.org/10.1152/jn.00475.2002
https://doi.org/10.1152/jn.00475.2002
https://doi.org/10.1126/science.1167093
https://doi.org/10.1126/science.1167093
https://doi.org/10.1126/science.1167093
https://doi.org/10.1016/j.neuron.2012.09.032
https://doi.org/10.1016/j.neuron.2012.09.032
https://doi.org/10.1016/j.neuron.2012.09.032
https://doi.org/10.1016/j.nurt.2008.01.002
https://doi.org/10.1016/j.nurt.2008.01.002
https://doi.org/10.1523/jneurosci.21-03-01033.2001
https://doi.org/10.1523/jneurosci.21-03-01033.2001
https://doi.org/10.1523/jneurosci.21-03-01033.2001
https://doi.org/10.1523/jneurosci.21-03-01033.2001
https://doi.org/10.3389/fncom.2014.00032
https://doi.org/10.3389/fncom.2014.00032
https://doi.org/10.3389/fncom.2014.00032
https://doi.org/10.3389/fncom.2014.00032
https://doi.org/10.1016/j.clinph.2011.07.029
https://doi.org/10.1016/j.clinph.2011.07.029
https://doi.org/10.1016/j.clinph.2011.07.029
https://doi.org/10.1016/j.clinph.2011.07.029
https://doi.org/10.1016/j.clinph.2005.06.023
https://doi.org/10.1016/j.clinph.2005.06.023
https://doi.org/10.1016/j.clinph.2005.06.023
https://doi.org/10.1016/j.neuroimage.2006.09.034
https://doi.org/10.1016/j.neuroimage.2006.09.034
https://doi.org/10.1016/j.neuroimage.2006.09.034
https://doi.org/10.1002/ana.24187


68 https://doi.org/10.52662/jksfn.2021.00073

Moonyoung Chung

Defining a therapeutic target for pallidal deep brain stimulation 
for dystonia. Ann Neurol 2014;76:22-30 

40. Miocinovic S, Lempka SF, Russo GS, Maks CB, Butson CR, 
Sakaie KE, et al. Experimental and theoretical characterization of 
the voltage distribution generated by deep brain stimulation. 
Exp Neurol 2009;216:166-76 

41. Godinho F, Thobois S, Magnin M, Guenot M, Polo G, Benatru I, 
et al. Subthalamic nucleus stimulation in Parkinson’s disease : an-
atomical and electrophysiological localization of active contacts. 
J Neurol 2006;253:1347-55 

42. Saint-Cyr JA, Hoque T, Pereira LC, Dostrovsky JO, Hutchison 
WD, Mikulis DJ, et al. Localization of clinically effective stimu-
lating electrodes in the human subthalamic nucleus on magnetic 
resonance imaging. J Neurosurg 2002;97:1152-66 

43. Molnar G, Barolat G. Principles of cord activation during spinal 
cord stimulation. Neuromodulation 2014;17 Suppl 1:12-21 

44. Tisch S, Zrinzo L, Limousin P, Bhatia KP, Quinn N, Ashkan K, et 
al. Effect of electrode contact location on clinical efficacy of palli-
dal deep brain stimulation in primary generalised dystonia. J 
Neurol Neurosurg Psychiatry 2007;78:1314-9 

45. Huh R, Chung M. Electrophysiological interpretations of the 
clinical response to stimulation parameters of pallidal deep brain 
stimulation for cervical dystonia. Acta Neurochir (Wien) 2016; 
158:2029-38 

46. Chung M, Huh R. Different clinical course of pallidal deep brain 
stimulation for phasic- and tonic-type cervical dystonia. Acta 
Neurochir (Wien) 2016;158:171-80; discussion 180 

47. Kiss ZH, Doig-Beyaert K, Eliasziw M, Tsui J, Haffenden A, 
Suchowersky O; Functional and Stereotactic Section of the Ca-
nadian Neurosurgical Society; Canadian Movement Disorders 
Group. The Canadian multicentre study of deep brain stimula-
tion for cervical dystonia. Brain 2007;130(Pt 11):2879-86 

48. Alterman RL, Miravite J, Weisz D, Shils JL, Bressman SB, Tagliati 
M. Sixty hertz pallidal deep brain stimulation for primary torsion 
dystonia. Neurology 2007;69:681-8 

49. Alterman RL, Shils JL, Miravite J, Tagliati M. Lower stimulation 
frequency can enhance tolerability and efficacy of pallidal deep 
brain stimulation for dystonia. Mov Disord 2007;22:366-8 

50. Khoo HM, Kishima H, Hosomi K, Maruo T, Tani N, Oshino S, 
et al. Low-frequency subthalamic nucleus stimulation in Parkin-
son’s disease: a randomized clinical trial. Mov Disord 2014;29: 
270-4 

51. Grill WM Jr, Mortimer JT. The effect of stimulus pulse duration 
on selectivity of neural stimulation. IEEE Trans Biomed Eng 
1996;43:161-6 

52. Kühn AA, Brandt SA, Kupsch A, Trottenberg T, Brocke J, Irl-
bacher K, et al. Comparison of motor effects following subcorti-

cal electrical stimulation through electrodes in the globus palli-
dus internus and cortical transcranial magnetic stimulation. Exp 
Brain Res 2004;155:48-55 

53. Vercueil L, Houeto JL, Krystkowiak P, Lagrange C, Cassim F, 
Benazzouz A, et al; Spidy GROUP (French Pallidal stimulation 
Group for dystonia). Effects of pulse width variations in pallidal 
stimulation for primary generalized dystonia. J Neurol 2007; 
254:1533-7 

54. DeLong MR, Wichmann T. Basal ganglia circuits as targets for 
neuromodulation in Parkinson disease. JAMA Neurol 2015;72: 
1354-60 

55. Follett KA, Weaver FM, Stern M, Hur K, Harris CL, Luo P, et al; 
CSP 468 Study Group. Pallidal versus subthalamic deep-brain 
stimulation for Parkinson’s disease. N Engl J Med 2010;362: 
2077-91 

56. Odekerken VJ, Boel JA, Schmand BA, de Haan RJ, Figee M, van 
den Munckhof P, et al; NSTAPS study group. GPi vs STN deep 
brain stimulation for Parkinson disease: three-year follow-up. 
Neurology 2016;86:755-61 

57. Collomb-Clerc A, Welter ML. Effects of deep brain stimulation 
on balance and gait in patients with Parkinson’s disease: a sys-
tematic neurophysiological review. Neurophysiol Clin 2015;45: 
371-88 

58. Troche MS, Brandimore AE, Foote KD, Okun MS. Swallowing 
and deep brain stimulation in Parkinson’s disease: a systematic 
review. Parkinsonism Relat Disord 2013;19:783-8 

59. Troche MS, Brandimore AE, Foote KD, Morishita T, Chen D, 
Hegland KW, et al. Swallowing outcomes following unilateral 
STN vs. GPi surgery: a retrospective analysis. Dysphagia 2014; 
29:425-31 

60. Follett KA, Torres-Russotto D. Deep brain stimulation of globus 
pallidus interna, subthalamic nucleus, and pedunculopontine 
nucleus for Parkinson’s disease: which target? Parkinsonism 
Relat Disord 2012;18 Suppl 1:S165-7 

61. Mei S, Eisinger RS, Hu W, Tsuboi T, Foote KD, Hass CJ, et al. 
Three-year gait and axial outcomes of bilateral STN and GPi 
Parkinson’s disease deep brain stimulation. Front Hum Neurosci 
2020;14:1. doi: 10.3389/fnhum.2020.00001  

62. Ramirez-Zamora A, Ostrem JL. Globus pallidus interna or sub-
thalamic nucleus deep brain stimulation for Parkinson disease: a 
review. JAMA Neurol 2018;75:367-72 

63.  Wong JK ,  Cauraugh JH,  Ho KWD, Broder ick M, 
Ramirez-Zamora A, Almeida L, et al. STN vs. GPi deep brain 
stimulation for tremor suppression in Parkinson disease: a sys-
tematic review and meta-analysis. Parkinsonism Relat Disord 
2019;58:56-62 

64. Wong JK, Viswanathan VT, Nozile-Firth KS, Eisinger RS, Leone 

https://doi.org/10.1002/ana.24187
https://doi.org/10.1002/ana.24187
https://doi.org/10.1016/j.expneurol.2008.11.024
https://doi.org/10.1016/j.expneurol.2008.11.024
https://doi.org/10.1016/j.expneurol.2008.11.024
https://doi.org/10.1016/j.expneurol.2008.11.024
https://doi.org/10.1007/s00415-006-0222-z
https://doi.org/10.1007/s00415-006-0222-z
https://doi.org/10.1007/s00415-006-0222-z
https://doi.org/10.1007/s00415-006-0222-z
https://doi.org/10.3171/jns.2002.97.5.1152
https://doi.org/10.3171/jns.2002.97.5.1152
https://doi.org/10.3171/jns.2002.97.5.1152
https://doi.org/10.3171/jns.2002.97.5.1152
https://doi.org/10.1111/ner.12171
https://doi.org/10.1111/ner.12171
https://doi.org/10.1136/jnnp.2006.109694
https://doi.org/10.1136/jnnp.2006.109694
https://doi.org/10.1136/jnnp.2006.109694
https://doi.org/10.1136/jnnp.2006.109694
https://doi.org/10.1007/s00701-016-2942-x
https://doi.org/10.1007/s00701-016-2942-x
https://doi.org/10.1007/s00701-016-2942-x
https://doi.org/10.1007/s00701-016-2942-x
https://doi.org/10.1007/s00701-015-2646-7
https://doi.org/10.1007/s00701-015-2646-7
https://doi.org/10.1007/s00701-015-2646-7
https://doi.org/10.1093/brain/awm229
https://doi.org/10.1093/brain/awm229
https://doi.org/10.1093/brain/awm229
https://doi.org/10.1093/brain/awm229
https://doi.org/10.1212/01.wnl.0000267430.95106.ff
https://doi.org/10.1212/01.wnl.0000267430.95106.ff
https://doi.org/10.1212/01.wnl.0000267430.95106.ff
https://doi.org/10.1002/mds.21274
https://doi.org/10.1002/mds.21274
https://doi.org/10.1002/mds.21274
https://doi.org/10.1002/mds.25810
https://doi.org/10.1002/mds.25810
https://doi.org/10.1002/mds.25810
https://doi.org/10.1002/mds.25810
https://doi.org/10.1109/10.481985
https://doi.org/10.1109/10.481985
https://doi.org/10.1109/10.481985
https://doi.org/10.1007/s00221-003-1707-y
https://doi.org/10.1007/s00221-003-1707-y
https://doi.org/10.1007/s00221-003-1707-y
https://doi.org/10.1007/s00221-003-1707-y
https://doi.org/10.1007/s00415-007-0578-8
https://doi.org/10.1007/s00415-007-0578-8
https://doi.org/10.1007/s00415-007-0578-8
https://doi.org/10.1007/s00415-007-0578-8
https://doi.org/10.1001/jamaneurol.2015.2397
https://doi.org/10.1001/jamaneurol.2015.2397
https://doi.org/10.1001/jamaneurol.2015.2397
https://doi.org/10.1056/nejmoa0907083
https://doi.org/10.1056/nejmoa0907083
https://doi.org/10.1056/nejmoa0907083
https://doi.org/10.1056/nejmoa0907083
https://doi.org/10.1212/wnl.0000000000002401
https://doi.org/10.1212/wnl.0000000000002401
https://doi.org/10.1212/wnl.0000000000002401
https://doi.org/10.1212/wnl.0000000000002401
https://doi.org/10.1016/j.neucli.2015.07.001
https://doi.org/10.1016/j.neucli.2015.07.001
https://doi.org/10.1016/j.neucli.2015.07.001
https://doi.org/10.1016/j.neucli.2015.07.001
https://doi.org/10.1016/j.parkreldis.2013.05.001
https://doi.org/10.1016/j.parkreldis.2013.05.001
https://doi.org/10.1016/j.parkreldis.2013.05.001
https://doi.org/10.1007/s00455-014-9522-0
https://doi.org/10.1007/s00455-014-9522-0
https://doi.org/10.1007/s00455-014-9522-0
https://doi.org/10.1007/s00455-014-9522-0
https://doi.org/10.1016/s1353-8020(11)70051-7
https://doi.org/10.1016/s1353-8020(11)70051-7
https://doi.org/10.1016/s1353-8020(11)70051-7
https://doi.org/10.1016/s1353-8020(11)70051-7
https://doi.org/10.3389/fnhum.2020.00001
https://doi.org/10.3389/fnhum.2020.00001
https://doi.org/10.3389/fnhum.2020.00001
https://doi.org/10.3389/fnhum.2020.00001
https://doi.org/10.1001/jamaneurol.2017.4321
https://doi.org/10.1001/jamaneurol.2017.4321
https://doi.org/10.1001/jamaneurol.2017.4321
https://doi.org/10.1016/j.parkreldis.2018.08.017
https://doi.org/10.1016/j.parkreldis.2018.08.017
https://doi.org/10.1016/j.parkreldis.2018.08.017
https://doi.org/10.1016/j.parkreldis.2018.08.017
https://doi.org/10.3389/fnhum.2020.578615


https://doi.org/10.52662/jksfn.2021.00073 69 

Deep brain stimulation programming

EL, Desai AM, et al. STN versus GPi deep brain stimulation for 
action and rest tremor in Parkinson’s disease. Front Hum Neuro-
sci 2020;14:578615. doi: 10.3389/fnhum.2020.578615 

65. Stefani A, Fedele E, Pierantozzi M, Galati S, Marzetti F, Peppe A, 
et al. Reduced GABA content in the motor thalamus during ef-

fective deep brain stimulation of the subthalamic nucleus. Front 
Syst Neurosci 2011;5:17. doi: 10.3389/fnsys.2011.00017 

66. Huh R, Song IU, Chung M. Neuropsychological consequences 
of pallidal deep brain stimulation altering brain networks. J Clin 
Neurosci 2018;54:50-6 

https://doi.org/10.3389/fnhum.2020.578615
https://doi.org/10.3389/fnhum.2020.578615
https://doi.org/10.3389/fnhum.2020.578615
https://doi.org/10.3389/fnsys.2011.00017
https://doi.org/10.3389/fnsys.2011.00017
https://doi.org/10.3389/fnsys.2011.00017
https://doi.org/10.3389/fnsys.2011.00017
https://doi.org/10.1016/j.jocn.2018.05.004
https://doi.org/10.1016/j.jocn.2018.05.004
https://doi.org/10.1016/j.jocn.2018.05.004


http://jksfn.org70

2021 The Korean Society of Stereotactic and 
Functional Neurosurgery

This is an Open Access article distributed under the  
terms of the Creative Commons Attribution Non- 
Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted 
non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is 
properly cited.

INTRODUCTION 

As the survival rate of cancer patients improved by the advancement of multi-
modal treatment, the incidence of spinal metastasis also increased [1]. Major spi-
nal metastasis symptoms include severe axial pain due to pathologic vertebral 
compression fracture (VCF) and neurological deterioration due to spinal cord 
compression. Accordingly, treatment of spinal metastasis aims to relieve pain and 
maintain neurologic function through local tumor control. In other words, the goal 
of treatment for spinal metastases is to improve the quality of life of the affected 
patients, not to cure cancer. 

It is occasionally difficult to determine the optimal treatment because the clini-
cal conditions of patients with spinal metastasis vary widely. Although several 
schemes have been developed to assist in treatment decision-making [1-7], there 
is controversy whether those are the optimal treatment because those could not 
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Review Article

Treatment for spinal metastasis aims to improve patients’ quality of life through 
specific goals that include improving neurological function, local tumor control, 
mechanical stabilization, and pain relief. However, various previous strategies 
have limitations in terms of the application of recent developments in stereotactic 
radiosurgery (SRS) and minimally invasive spine surgery (MISS), the safety and 
efficacy of which for spinal metastasis have been well established during the past 
decade. In this article, we review several previous strategies for the treatment of 
spinal metastasis and present a new treatment algorithm. This algorithm includes 
the use of single-fraction SRS and MISS for spinal metastasis. SRS currently of-
fers safe and effective local tumor control in a way that is convenient for patients. 
Furthermore, MISS (including vertebroplasty, percutaneous pedicle screw fixa-
tion, and mini-open decompression) leads to considerable improvements in pain 
and neurological symptoms with a lower complication rate than conventional 
open surgery. Based on this new algorithm, patients with spinal metastasis can 
achieve a better quality of life through fast pain relief, rapid recovery, and minimal 
discontinuation of chemotherapy. This novel algorithm will enhance patient-cen-
tered care in spinal metastasis and can ultimately serve as a simple guideline for 
spinal metastasis treatment. 

KEY WORDS: Neoplasm metastasis, Radiosurgery, Algorithms, Minimally inva-
sive surgical procedures
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keep up with recently advanced treatment techniques [8]. 
Stereotactic radiosurgery (SRS) is an advanced treatment tech-

nique that has revolutionized the treatment of spinal metastasis 
over the past decade due to its being less invasive, simple, and con-
venient to the patient. SRS has been established as a safe and effec-
tive treatment strategy for patients with metastatic spinal tumors 
owing to its proven therapeutic efficacy [9-11]. Also, there have 
been significant developments in minimally invasive spine surgery 
(MISS) since the 2000s. According to the recent literature, MISS 
for spinal metastasis, such as percutaneous cement augmentation, 
percutaneous pedicle screw fixation, or mini-open decompression, 
has demonstrated excellent outcomes of decreased morbidity, 
quick recovery, and durable pain control [12,13]. 

The treatment of spinal metastasis requires integrating multidisci-
plinary approaches involving chemotherapy, traditional surgery, ra-
diotherapy, and new technologies, such as SRS or MISS [8,14,15]. 
However, previous treatment strategies did not include these new 
technologies sufficiently. Accordingly, an updated new strategy in-
cluding advanced technology should be proposed. 

In this article, we have systematically summarized the previous 
treatment strategies for spinal metastasis and proposed a new algo-
rithm to determine the optimal treatment to improve patients’ 
quality of life. 

CLASSIFIED MODEL: TOMITA AND 
TOKUHASHI SCORING SYSTEM 

The treatment strategies for spinal metastasis based on Tomita 
scoring system [4], Tokuhashi scoring system [3], Baur scoring 
system [16], Rades scoring system [17], and Linden scoring sys-
tem [18] are designed to consider patient prognosis, such as life 
expectancy, and determine the scope of treatment. Classified mod-
els and scoring systems allow the physician to predict life expec-
tancy and decide the extent of surgery, but there is a limit to per-
sonalized treatment for spinal metastasis. Among these treatment 
systems, the Tomita and Tokuhashi scoring systems have been 
considered representative systems and reviewed here. 

Tomita scoring system 
The Tomita scoring system, introduced in 2001, includes three 

parameters based on tumor growth, visceral metastases, and the 
number of bone metastasis lesions (Table 1) [4]. This system in-
tends to help physicians develop an optimal treatment plan based 
on the predicted patient prognosis. Although the Tomita system 
helps determine the need or extent of surgery, determining when 
other treatment options, such as SRS or MISS, should be used is 
difficult. In addition, this system targets only survival-related prog-

nosis and does not address issues such as improving quality of life, 
including pain relief and neurological preservation. 

Tokuhashi scoring system 
The Tokuhashi scoring system, similar to the expanded Tomita 

system, was first introduced in 1990 and revised in 2005 [3]. It is 
based on six parameters, including the patient’s general condition, 
location of metastasis, the site of primary cancer, and neurological 
symptom (Table 2). This system is also designed to help deter-
mine the scope of surgical treatment based on the patient’s prog-
nosis. Although the Tokuhashi system provides better predictions 
than the Tomita system [19], it remains unclear whether it encour-
ages the application of other treatment options, such as SRS and 
MISS, which improve the quality of life of patients with cancer. 
Additionally, this system does not consider the contraindications 
of surgery, such as a cardiac problem or pulmonary dysfunction. 

MULTIDISCIPLINARY STRATEGIES: NOMS 
FRAMEWORK, LMNOP SYSTEM, GASBARRINI 
ALGORITHM, AND SUNNYBROOK PROTOCOL 

It has been widely accepted that spinal metastasis is a systemic 
disease, and its treatment requires the integration of multidisci-
plinary management. Based on this concept, several multidisci-
plinary strategies have been developed for optimal treatment. Un-
like classified models, these strategies provide a therapeutic meth-
od according to individualized patient conditions.  

Table 1. A score of characteristics includes parameters based 
on tumor growth, visceral metastases, and the number of bone 
metastasis lesions

Characteristic Score

Primary tumor

 Slow growth 1

 Moderate growth 2

 Rapid growth 4

Visceral metastases

 Treatable 2

 Untreatable 4

Bone metastases

 Solitary or isolated 1

 Multiple 2

Total score Treatment goal Surgical strategy
2–3 Long-term local control Wide or marginal  

excision
4–5 Mid-term local control Marginal or intrale-

sional excision
6–7 Short-term local control Palliative surgery
8–10 Terminal care Supportive care
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Table 2. The Tokuhashi  scoring system and surgical strategies

Characteristic Score

General condition

 Poor (performance status 10–40%) 0

 Moderate (performance status 50–70%) 1

 Good (performance status 80–100%) 2

Number of extraspinal bone metastases foci

 > 3 0

 1–2 1

 0 2

Number of metastases in the vertebral body

 > 3 0

 2 1

 1 2

Metastases to the major organs

 Unremovable 0

 Removable 1

 No metastases 2

Primary site of the cancer

 Lung, stomach, osteosarcoma, bladder, pancreas, esophagus 0

 Gallbladder, liver, unidentified 1

 Other 2

 Kidney or uterus 3

 Rectum 4

 Thyroid, prostate, breast, or carcinoid tumor 5

Palsy

 Complete (Frankel A, B) 0

 Incomplete (Frankel C, D) 1

 None (Frankel E) 2

Total score Predicted prognosis Surgical strategy
0–8 < 6 months Conservative treatment
9–11 ≥ 6 months Palliative surgery
12–15 ≤ 1 year Excisional surgery

NOMS framework  
The NOMS framework is a decision-making scheme developed 

by the multidisciplinary spine team at Memorial Sloan-Kettering 
Cancer Center and is designed to facilitate and guide therapeutic 
decisions [7]. NOMS consists of four fundamental assessments: 
Neurologic, Oncologic, Mechanical instability, and Systemic dis-
ease. The advantage of the NOMS framework is that it incorpo-
rates the optimal treatments of SRS, surgery, and systemic therapy. 
In this framework, the operability depends on the degree of epi-
dural spinal cord compression (ESCC) and the spine’s stability 
(Table 3). However, this framework does not provide MISS treat-
ment options, such as percutaneous cement augmentation or per-
cutaneous pedicle screw fixation that can improve patients’ quality 
of life. Also, the treatment tolerability and performance status of 
the patient is not included in this system. Moreover, the recently 

emerging chemotherapeutic strategies, such as target therapy and/
or immune checkpoint inhibitor treatment, have not been consid-
ered in this system; this, therefore, poses a limitation for the con-
tinuation of chemotherapy. 

LMNOP system 
Paton et al. [2] have proposed a novel decision-making model 

called LMNOP that considers critical factors for formulating a 
management plan while recognizing the individuality of each case. 
This model considers the tumor location level (L), mechanical in-
stability (M), neurology (N), oncology (O), patient fitness, prog-
nosis, and prior therapy (P) (Table 4). However, this system does 
not provide a clear therapeutic plan, such as surgery, radiotherapy, 
or radiosurgery. For spinal metastasis, this system merely lists the 
circumstances to be considered and does not provide the optimum 
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treatment to be used. 

Gasbarrini algorithm 
The Gasbarrini algorithm, which was proposed in 2002, was also 

developed considering a multidisciplinary approach for the treatment 
of spinal metastasis [5]. In this algorithm, operability is regarded as a 
critical factor in the American Society of Anesthesiology grade. The 
algorithm provides treatment options for emergency surgery depend-
ing on neurological dysfunction and suggests personalized treatment 
options based on the patient’s status. This algorithm can minimize 
neurological deterioration and improve local control of tumors (Fig. 
1) [20]. However, the major limitation of this algorithm is the lack of 
treatment options for radiotherapy or SRS. 

Sunnybrook protocol 
The Sunnybrook protocol actively utilizes stereotactic body ra-

diation therapy (SBRT) [21]. In this protocol, spinal instability 
and spinal cord compression determine whether surgery should be 
performed or whether SBRT or postoperative SBRT should be ad-
ministered. In the literature, the VCF rate after SBRT has been re-
ported to be 18% of cases, and SBRT > 20 Gy increases the inci-
dence of VCF [21]. Based on this concept, the most important 
step is to assess the risk of VCF after SBRT to avoid neurological 
deterioration (Fig. 2). However, this algorithm has not performed 
any oncological assessment, and only the surgical and SBRT as-
pects have been considered. In other words, multidisciplinary ap-
proaches for oncological management, such as tumor biology ex-
amination and chemotherapy, have not been made. 

NEW STRATEGY FOR SPINAL METASTASIS 

The most important considerations of our new strategy for spi-

Table 4. LMNOP* system

Abbreviation Key determinants Characteristic

L Location Extent of disease at symptomatic level(s):

involvement of anterior and/or posterior columns

Levels Solitary or multilevel

M Mechanical stability Stable (SINS: 0–6)

Potentially unstable (SINS 7–12)

Unstable (SINS: 13–18)

N Neurology Symptomatic epidural cord compression

O Oncology High radiosensitive

Radiosensitive

Radioresistant

P Patient fitness Medical fitness for surgery

Prognosis Mostly dependent on tumor type (O)

Prior therapy Previous radiation therapy at symptomatic levels

Failed multiple systemic treatments

SINS: spine instability neoplastic score. *This model considers the tumor location level (L), mechanical instability (M), neurology (N), oncology (O), 
patient fitness, prognosis, and prior therapy (P).

Table 3. NOMS* framework

Neurologic Oncologic Mechanical Systemic Decision

Low-grade ESCC without myelopathy Radiosensitive Stable EBRT

Radiosensitive Unstable Stabilization followed by EBRT

Radioresistant Stable SRS

Radioresistant Unstable Stabilization followed by SRS

High-grade ESCC with myelopathy Radiosensitive Stable EBRT

Radiosensitive Unstable Stabilization followed by EBRT

Radioresistant Stable Tolerable surgery Decompression/stabilization followed by SRS

Radioresistant Stable Intolerable surgery EBRT

Radioresistant Unstable Tolerable surgery Decompression/stabilization followed by SRS

Radioresistant Unstable Intolerable surgery Stabilization followed by EBRT

ESCC: epidural spinal cord compression, EBRT: external beam radiation therapy, SRS: stereotactic radiosurgery. *NOMS consists of four 
fundamental assessments: neurologic, oncologic, mechanical instability, and systemic disease.
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Fig. 1. Gasbarrini algorithm for surgical strategy selection. ASA: American Society of Anesthesiology.

Fig. 2. Sunnybrook Odette Cancer Center protocol for spinal metastasis treatment. SINS: spine instability neoplastic score, VCF: ver-
tebral compression fracture, SBRT: stereotactic body radiation therapy, EBRT: external beam radiation therapy, fx: fraction, Postop: 
postoperative.
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nal metastasis are as follows. 
1. Chemotherapy should be sought as soon as possible because 

spinal metastasis is a systemic disease. The chemotherapeutic 
schedule should not be interrupted, if possible.  

2. Through SRS and MISS, the patient burden after treatment 
should be minimized to promote rapid recovery and improve 
the quality of life. 

Our new algorithm is demonstrated briefly in Fig. 3. 
The first evaluation step in patients with spinal metastasis is to 

assess whether the tumor is progressing, is stable, or is regressing. 

To this end, we confirm that the tumor is well-controlled and that 
there is a single- or oligo-spinal metastasis. 

If the patient has oligo-metastasis with a well-controlled tumor, 
extensive curative surgery and/or postoperative radiotherapy of 
the remnant tumor is recommended. In contrast, neurological 
symptoms are assessed based on motor weakness and sensory 
functions if the patient has multiple spinal metastases. 

Patients with nerve compression with neurological symptoms 
may receive palliative MISS, such as percutaneous screw fixation 
and/or mini-open decompression, following SRS or only receive 

Fig. 3. New treatment algorithm for spinal metastasis treatment. Postop: postoperative, RT: radiotherapy, MISS: minimally invasive 
spine surgery, SRS: stereotactic radiosurgery.

Fig. 4. A 73-year-old woman with non-small cell lung cancer presented with severe neck pain and radiculopathy. Cervical magnetic 
resonance imaging demonstrated a tumor with cord compression at the C3 level. The patient underwent decompressive laminecto-
my and screw fixation for stability. After surgery, the patient received 18 Gy single-fraction stereotactic radiosurgery. Twelve months 
post-radiosurgery, she was neurologically intact, had well-controlled disease, and had no pain. (A) Preoperative magnetic resonance 
imaging demonstrating a C3 tumor with severe cord compression. (B) Radiosurgery was performed using an 18 Gy single fraction. (C) 
Postoperative magnetic resonance imaging showing circumferential decompression 3 months after radiosurgery.

Spine metastasis Yes No

Curative surgery ± postop RT Symptomatic epidural compression

Palliative surgery (MISS) + SRS

SRS onlyor

SRS onlyVertebroplasty + SRS

Vertebral body pain

Oligometastasis with controlled primary tumor

A B C
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SRS, depending on their preference or performance status (Fig. 4). 
By minimizing the scale of surgery, it is hoped that surgical mor-
bidity can be reduced. However, palliative surgery using MISS can 
be replaced with more extensive surgeries, such as corpectomy and 
fusion, in selected patients. 

If the patient does not have neurological symptoms, axial pain 
due to VCF is considered a criterion for treatment choice. Patients 
with axial pain and VCF receive vertebroplasty and SRS for rapid 
pain relief and local tumor control simultaneously. Vertebroplasty 
is necessary to reduce pain quickly and reduce the risk of progres-
sion of compression ratio after SRS. Patients with spinal cord com-
pression without axial pain and VCF can receive SRS only for local 
tumor control. 

The primary concern of single-fraction SRS is the progression of 
VCF. Some literature has insisted that SRS was correlated to a 
higher rate of VCF, which is up to 39% after single-fraction of ra-
diosurgery ranging from 18 to 24 Gy [10,22]. Whereas, another 
study has shown that single-fraction SRS has a similar VCF rate as 
that of fractionated SRS [23]. In this algorithm, SRS is recom-
mended for patients with ESCC regardless of the presence of axial 
pain and VCF because the benefits overwhelm the risks in terms 
of local tumor control and prevention of progression of spinal cord 
compression. 

In this algorithm, the SRS scheme is single-fraction radiosurgery 
to ensure continuous administration of chemotherapy. Chemo-
therapy is generally not administrated simultaneously during ra-
diotherapy or hypo-fractionated radiosurgery because of increas-
ing radiation-induced adverse effects. However, single-fraction 
SRS, high-precision radiosurgery, minimizes damage to normal tis-
sue and allows for simultaneous chemotherapy. 

SRS is an effective option in terms of pain and tumor control as 
53–95% of patients reported pain relief, and the local control rate 
was 84–90% [23-27]. Previous randomized trials have demon-
strated that SRS for spinal metastasis was associated with a quick 
improvement of pain than radiotherapy [14]. Furthermore, pa-
tients’ quality of life after SRS for spinal metastasis was not worse 
than that after conventional radiotherapy [28]. 

Recent advances in MISS have aimed to reduce surgical morbid-
ity while providing favorable neurological improvements in pa-
tients treated for spinal metastasis. In a previous study, the compli-
cation rate was lower in the MISS group than in the conventional 
surgery group (17% versus 26%) [15]. However, improvement of 
pain and the neurological symptom was similar in both groups 
[15]. Moreover, recently, percutaneous screw fixation without de-
compression has been suggested for ESCC grade 2 of spinal me-
tastasis as an alternative to conventional open surgery [27]. Re-
garding this evidence, the MISS is a promising and effective treat-

ment option for patients with spinal metastasis who need surgery. 
Of course, our proposed algorithm requires testing in various 

cases and required verification through clinical trials. Best of our 
knowledge, this new algorithm is the first to include advanced SRS 
and MISS in the treatment of patients with spinal metastasis.  

CONCLUSION 

In the era of prolonged survival among cancer patients owing to 
advances in chemotherapy, SRS and MISS may improve patients’ 
quality of life by minimizing the complication or morbidity and al-
lowing minimal chemotherapy delay after SRS or surgery. Al-
though further trial and verification are necessary, our simple strat-
egy may benefit patients who are either surgical candidates or need 
systemic treatment for their spinal metastasis. 
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서론 

코로나 바이러스로 인한 전 세계의 패닉 상태가 벌써 1년 반이 넘어가고 있다. 처

음 접하는 바이러스에 치료제도 백신도 없던 상태에서 전 의료진이 고군분투하여 이 

바이러스에 대한 많은 부분을 알아내고 백신도 개발되어 접종이 진행중에 있다. 호흡

기 증상이 주로 발생하는 바이러스 감염병이나 상당수의 환자에서 신경계 침범 증상

이 보고되고 있고 호흡기 증상이 없으면서 신경정신증상이나 후각 저하 등 신경 결손 

소견을 보이는 경우도 있어 이에 대한 연구의 필요성이 부각되었다. 이전에 유행했던 

코로나 19에서 나타나는 신경외과적 증상 
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Review Article

Humans have experienced several pandemics of infectious diseases in history; for 
instance, many deaths occurred due to smallpox, plague, and Spanish influenza. 
Unlike in the past, it is now possible to establish the causes of diseases medically, 
and many analytical and preventive methods have been developed. Humankind 
is striving to improve our collective understanding of infectious diseases and to 
resolve epidemics. During the coronavirus disease 2019 (COVID-19) pandemic, 
millions of people have suffered from this viral disease. Although COVID-19 is 
primarily a respiratory infection, neurological symptoms have appeared in many 
patients. The symptoms and sequelae of nervous system invasion by severe acute 
respiratory syndrome (SARS)-CoV-2, the causative agent of COVID-19, must be 
thoroughly investigated and dealt with. Although no studies have analyzed the ef-
fects of the Spanish influenza on the nervous system, research has been conduct-
ed on nervous system involvement in previous outbreaks of coronaviruses, in-
cluding SARS and Middle East respiratory syndrome (MERS). The route of virus 
invasion, the mechanism of damage to the nervous system, the occurrence of 
symptoms, and sequelae have been studied. SARS-CoV-2 invades the nervous 
system in a similar way and causes symptoms. Several research papers on this top-
ic are reviewed herein. 

KEY WORDS: COVID-19, Central nervous system, Cranial nerves



 https://doi.org/10.52662/jksfn.2021.00101 79 

Neurosurgical manifestations of COVID-19

같은 코로나 바이러스 계열인 사스나 메르스 때 신경학적 증상과 합

병증, 후유증 등이 많이 알려졌으며[1], 중추신경계 증상 환자가 전

체 환자의 30–60%까지 보고되는 연구들이 발표되고[2-5], 바이러스 

감염 시의 중추신경계, 말초신경계의 손상에 대한 관심이 높아지고 

있다. 저자의 병원의 경우 코로나 전담병원으로 코로나 확진자들을 

입원 치료 중이기는 하나 대부분 경증 환자들이 입원하여 두통, 저림 

등의 경한 증상 이외에는 큰 신경계 이상을 보인 환자는 없었다. 그

래서 여러 논문들을 참고하여 현재 코로나 바이러스 감염으로 신경

계 이상 소견을 나타낸 환자에 대해 신경계 침입경로, 임상 증상, 후

유증 등을 살펴보았다.

방법

2019년 12월 코로나 유행 이후부터 최근까지 연구된 논문들을 대

상으로 검색하여 고찰하였다. 본원의 경우 본과와 신경과에 의뢰된 

코로나 확진 환자의 신경계 증상을 조사하였고 2021년 1월부터 7월

까지 두통 8명, 저림 증상 1명으로 나타났다. 모든 두통 환자는 경미

한 경우로 큰 신경학적 결손 소견은 없었고 통증 조절 약물 치료 후 

호전되었다. 저림을 호소한 환자의 경우 경미한 증상이기는 하였으

나 호전되지는 않았다.

코로나 19의 신경계침입

코로나 19 유행이 시작되고 2020년 봄에 중국과 다른 여러 나라

에서 신경학적 증상에 대한 연구들이 나오기 시작하였다. 감염 후 처

음 호소하는 증상 중 후각과 미각의 저하가 있어 이에 대한 연구들이 

시작되었고 COVID-19 바이러스의 침범 경로에 대한 많은 사실을 

발견하였다[6-9]. COVID-19 바이러스는 이전 사스와 메르스 때와 

유사하게 중추신경계로 침범하며, 그 감염 경로는 여러 가지로 추정

된다. 사스와 마찬가지로 COVID-19도 안지오텐신 전환효소 2 

(angiotension converting enzyme 2, ACE2)가 결합수용체

(docking receptor)로 작용하며 2형 막관통 세린 프로테아즈

(transmembrane protease serine 2)가 필요하다[10]. COVID-19

는 바이러스 외피의 스파이크 단백질이 ACE2에 부착할 수 있다. 이

를 이용해서 숙주세포 안으로 들어간다[11,12]. 2형 막관통 세린 프

로테아즈를 이용해 스파이크 단백질이 단백질 분해를 진행하여 숙주

세포 안으로 들어갈 수 있다.

COVID-19는 cytokines, DAMPs (damage-associated mo-

lecular patterns), PAMPs (pathogen-associated molecular 

patterns)와 혈관내피세포(endothelial cells)에 영향을 주어 염증

을 일으키고 혈뇌장벽(blood-brain barrier, BBB)을 열리게 만드며

[10], 열린 BBB를 통과하여 중추신경계로 침범한다. 직접적인 뇌신

경세포 감염에 대해서는 정확한 입증이 되지 않은 상태이기는 하다. 

세포들 중에 외피뉴런(cortical neuron), 소교세포(microglia)에 대

한 감염 가능성은 아직 정답이 나오지 않았다. 뇌세포 중 다능성 줄

기세포(pluripotent stem cell)에서 분화한 것이며, 도파민 뉴런 등

은 COVID-19 감염에 민감하다고 보는 연구는 있다[13]. 

또 다른 침범 방법으로는 혈행 감염(hematogenous infection) 

또는 신경세포를 역행성 루트(neuronal retrograde routes)로 이용

하여 후각과 미각세포를 거꾸로 타고 올라가 감염시키는 경로, 창자 

신경 중 교감신경계 들신경(sympathetic afferent neurons of the 

enteric nervous system)을 이용한 경로 등이 있다[8,11,12,14]. 이

런 경로를 이용하여 치료제를 개발 중인 것으로 알려져 있다.

코로나 19에서의 신경외과적 증상

신경계 증상에 관한 여러 논문을 살펴보면 주로 두통, 어지럼증 등

의 경한 증상만 있는 경우[1,2,5,15,16], 뇌졸중 같이 위험한 뇌혈관 

질환이 발생하는 경우[17-19], 뇌염 등 감염의 진행이 보이는 경우

[5,20], 감염 이후 정신질환이 진단되는 경우[21,22], 혈전이 발생한 

경우[23], 치매, 파킨슨[24] 같은 질환이 발생한 경우로 나누어 볼 수 

있다. 또 시기에 따라 증상이 나뉘기도 하였다. 감염 초기 1–2일에는 

후각 이상 등이 발생하고 1–2주 후에는 뇌혈관 관련 질환이 생기는 

것을 알아냈다[25]. 시기에 대한 것은 각 연구마다 차이가 있어 객관

화시키기는 어렵다.

중추신경계 병발

대규모 연구들의 결과에는 약간의 차이가 보인다. 2020년 8월에 

발표된 연구에서는 212개의 논문을 고찰 후 신경학적 증상 중 가장 

많은 것은 후각 장애(31.4%), 미각 장애(29.2%), 두통(20.2%), 어지

럼증이라고 하였다[26]. 2020년 6월까지 143개의 논문을 정리한 연

구에 의하면 코로나 19와 관련된 신경학적 증상은 중추신경계의 경

우 뇌증(encephalopathy)이 990건(60.7%)으로 제일 많았으며 그 

외 비특이적 뇌졸중(unspecified stroke) 416명(25.5%), 허혈성 뇌

졸중(ischemic stroke) 159명(9.7%), 출혈성 뇌졸중(hemorrhagic 

stroke) 40명(2.4%) 순이었다. 뇌증은 뇌의 병변이나 질병뿐만 아니

라 전반적인 뇌의 기능이상을 의미하는 것으로 이 연구에서는 신경정

신학적 장애 발생, 두통, 어지럼증, 의식 저하, 섬망, 구토, 오심을 다 

포함한다. 이런 뇌증은 영상검사에서 특이 소견을 발견하지 못하는 

경우가 많다. 이외에도 가역후백질뇌병증(reversible posterior leu-

koencephalopathy syndrome)이나 뇌파검사에서 미만성 또는 국

소서파 활성도 패턴을 보이는 경우도 포함하여 언급하였다. 특별히 

발작이 발생한 경우도 346명이나 되었다[5]. 뇌졸중과 COVID-19에 

대해 연구한 논문에서 32개 나라의 136개 센터 자료를 모아 1개 사

례라도 코로나 확진자 중 뇌졸중이 발생한 곳을 조사하니 17개의 나

라 71개 센터에서 뇌졸중 환자가 432명이 나왔다. 323명(74.8%)에

서 급성기 허혈성 뇌졸중, 91명(21.1%)에서 두개내 출혈, 18명

(4.2%)에서 뇌정맥(동) 혈전증이 생겼다[27]. 평균 연령은 허혈성 뇌

졸중은 67.2세, 두개내출혈은 63세인 데 비해 뇌정맥혈전증 환자는 

48세로 상대적으로 젊은 환자이면서 여성에게 잘 발생하였다[27]. 
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증상을 살펴보면 17개 논문에서 7,919명의 환자 중 2,488명인 

31.4%에서 후각과 미각 기능이상을 나타냈다[26]. 후각 저하와 미각 

기능이상은 호흡기 증상이 나타내기 전에 미리 증상이 발현되는 것

으로 보고되고 있다. 시야결손은 급성 뇌경색이 있던 경우 발생하였

고, 시신경염이 발생한 경우도 있었다. 신경안과증상을 보인 사례도 

있는데 신경학적 증후군은 동반하고 있었으며 주로 밀러 휘셔 증후

군(Miller-Fisher syndrome), 길랑바레증후군(Guillain-Barre 

syndrome) 또는 뇌염 등과 연관되어 발생한 뇌신경마비 등을 나타

냈다[28]. 그 외에도 삼차신경통[29], 이명, 청력감소 등을 호소하는 

경우도 간혹 있었다. 후각 이상을 나타내는 환자의 57%에서 삼차신

경부위의 감각이상을 호소하였다[29]. 

발작 

코로나 감염은 안정적이었던 뇌전증 환자를 악화시킬 수 있는 것

으로 알려졌다[30]. 뇌전증 환자의 경우 더 감염될 가능성이 높아 한 

연구에서 1,573명의 코로나 환자를 대상으로 조사하였더니 뇌전증 

환자군이 일반인에 비해 감염확률도 높고 사망률도 더 높게 측정되

었다[31]. 

코로나 확진 후 임상적 심한 호흡기 증상이 있던 환자에서 초점 발

작을 발생하는 경우가 2명의 환자에서 발생했으며 이 연구의 저자는 

중환자실에서 호흡기 증상이 심한 코로나 확진 환자의 경우 연속적 

뇌파전위기록(continuous electroencephalography)을 유지할 필

요가 있다고 주장하였다[32]. 

말초 신경계 병발 

말초신경계의 경우 길랑바레증후군이 22명(51.2%), 기타 뇌신경 

장애 12명(27.9%), 안면마비 5명(11.6%) 순이었다. 그 외에도 피라

미드바깥길장애(extrapyramidal disorder) 279명, 겉질 척수로 장

애(cotricospinal tract impairment) 61명, 실조(ataxia) 18명으

로 조사되었다[5]. 

최근 3명의 환자의 말초신경병증(peripheral neuropthy)의 

magnetic resonance neurography 소견을 발표한 논문에 따르면 

건막염(synovitis), 근피신경의 부종과 두꺼워진 변화(thickening 

and oedema of the musculocutaneous nerve), 전반적 근육 부

종(diffuse muscle edema)을 나타냈다고 한다[33]. 이러한 경우들

은 COVID-19 감염 후 호흡기 증상을 앓았고 이후에 말초신경병증

이 생겼으며 이에 발생 원인은 정확히 알기 어려우나 길랑바레증후

군, 임계 병 다발신경병증(critical-illness polyneuropathy,CIP)/

임계 병 근병증(critical-illness myopathy), 독성 신경병증(toxic 

neuropathy) 등이 원인일 것으로 고려하고 있다[33]. 코로나 환자

들 중에 호흡기 증상 치료 후 퇴원하였으나 다발성신경병증이 생겨 

상지의 근력저하로 재활치료가 필요한 경우들도 보고되고 있다[34]. 

다른 연구에서 조사한 바에 의하면 말초신경이상 중에는 mixed 

neuropathy (247명)가 가장 많았으며 pure sensory impairment 

(31명), paresthesia (30명), pure motor impairment (40명) 순이

었다. 이 논문에서 전체 환자를 비교하면 중추신경계 침범이 86.3%

로 말초신경계 침범인 13.7%보다 월등히 높게 나왔다[5]. 

정신 증상 

COVID-19 감염 시 증상을 나타내는 8,129명 중 4,981명이 불안

장애(anxiety disorders), 기분장애(mood disorders), 정신증(psy-

chosis), 불면증(insomnia) 등의 정신증상(psychiatric symptom)

을 나타냈다. 의식장애(consciousness impairment)가 416명, 섬

망(delirium)이 340명이었다[5,35]. 급성 COVID 19 감염 후 4주 

이상 경과한 환자들의 후유증을 살펴본 연구에서는 두통, 근육통, 인

지기능 장애, 자율신경장애, 피로를 호소하는 일명 브레인 포그

(brain fog) 증상을 호소하는 경우가 많았다. 불안, 우울, 수면 장애

와 외상후 스트레스장애(posttraumatic stress disorder)는 30-

40% 정도에서 나타났으며 이런 후유증이 남는 것은 면역조절장애 

수반, 미세혈관 혈전의 영향, 염증 등을 원인으로 보고 있다[36]. 급

성 바이러스 감염은 장기간의 염증과 기능이상으로 추후 각각의 개

인에게 신경변성질환을 가져올 수 있을 것으로 보고 있다[37]. 6개월 

후에 정신질환, 치매, 파킨슨병을 진단받은 환자를 분석 발표한 연구

[24]를 보면 뇌손상이 영구적으로 남을 것인지 이로 인한 신경정신

과적 후유증이 얼마나 많이 발생할지에 대한 추가 연구가 계속 필요

할 것으로 생각된다.

소아의 경우에도 신경계 증상이 성인보다는 적은 빈도로 발생하였

다. 21개의 연구 결과를 분석한 자료에 3,707명의 소아 코로나 확진 

환자 중 581명(약 16%)에서 두통과 피로 같은 증상이 나타났으며 

42명(약 1%)의 환자에서 유효한 증상들, 즉 뇌병증(25명), 발작(12

명) 등이 있었다. 하지만 대부분 성인보다 발생 빈도나 증상이 경한 

것으로 대부분 알려지고 있어 다기관 염증증후군 같은 치명적인 경

우를 제외하고는 대부분 치료가 가능한 것으로 여겨진다[20]. 

코로나 팬데믹으로 인해 생겨난 것은 신경계 증상만이 아니다. 코

로나 유행 이후 신경외과분야의 변동 사항이 보고되고 있다. 6대륙 

37개 나라에서 지주막하출혈(subarachnoid haemorrhage) 입원 

환자 수가 코로나 전에 비해 22.5% 감소한 것으로 나타났다. 뇌동맥

류 파열 환자의 코일 시술 수도 11.5% 감소한 것으로 나타났다. 다

른 응급질환들 역시 감소한 것으로 조사되었다[38]. 이는 응급실, 중

환자실에 코로나 확진자가 먼저 치료받게 되면서 생긴 일로 결론을 

내고 있다. 

결론

코로나 유행이 1년 넘는 기간 동안 많은 연구가 진행되어 신경계 

침범 경로, 증상, 예후, 후유증 등을 알게 되었고 의료진이 잘 대처하

고 있으나 신경계 손상이 영구적 후유증을 가져올지에 대한 관심을 
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가지고 대단위 연구가 앞으로도 계속 이루어지기를 바란다.
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서론 

발작(seizure)은 뇌의 신경세포들이 비정상적으로 과잉 또는 동시 흥분되어 일어나

는 일시적인 징후와 증상이다. 뇌전증(epilepsy)은 이러한 발작이 지속적인 경향을 

보이는 질환을 말한다. 뇌전증은 연간 10만 명 중 50명이 진단되며 전 세계 인구의 

0.5-1%의 유병률을 보인다[1]. 

Valproic acid, phenytoin, carbamazepine, pirimidone, ethosuximide 등은 

오래 전부터 개발되어 사용되었고 현재까지 많은 임상의들이 사용하고 있다. Vapro-

ic acid는 여전히 전신뇌전증에서 일차 약제로 사용되고 있으며, phenytoin은 부분

발작, 전신발작 모두에서 사용되는 넓은 스펙트럼의 약제로 사용되고 있고, carba-

mazepine도 부분발작에서 단독요법으로 사용되고 있다. 이후 새롭게 다양한 항경련

제들이 개발되었고, 신경과, 신경외과 임상의들은 약제 선택에 있어 고민을 하게 되는 

경우가 많다.

American Association of Neurology (AAN)는 2018년 2, 3세대 항경련제들의 

사용에 대한 개정된 가이드라인을 발표하였다[2,3]. 본 리뷰에서는 valproic acid, 

새로운 항경련제의 사용과 부작용, 상호작용
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Valproic acid, phenytoin, carbamazepine, primidone, and ethosuximide are older 
antiepileptic drugs that have long been in use. However, many new drugs have 
been developed, and many clinicians often find it difficult to select appropriate 
drugs. We reviewed the usage, adverse effects, and interactions of new antiepilep-
tic drugs, referring to the 2018 guideline of the American Association of Neurol-
ogy. Lamotrigine should be considered for monotherapy in patients with new-on-
set focal epilepsy. For new-onset generalized epilepsy, valproic acid is still the first-
line treatment. Pregabalin and perampanel are effective as adjuvant therapy for re-
fractory adult focal epilepsy. Lamotrigine and levetiracetam should be considered 
as adjuvant therapy for generalized refractory epilepsy. Lamotrigine and levetirac-
etam are relatively safe for use during pregnancy. Gabapentin, pregabalin, lamo-
trigine, topiramate, levetiracetam, zonisamide, lacosamide, perampanel, rufin-
amide, eslicarbazepine acetate, and clobazam all have different indications for us-
age and adverse effects. Treatment must be individualized by selecting appropri-
ate drugs according to patients’ risk of complications.
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phenytoin, carbamazepine, pirimidone, ethosuximide 등의 초

기 약제에 대하여는 이미 널리 약제 사용에 대한 정보가 알려져 있기 

때문에 1980년대 이후에 출시된 새로운 항경련제(new drugs)에 대

하여 AAN의 가이드라인을 참고하여 각 약제의 특성, 부작용, 상호작

용을 정리하였으며, 끝으로 임산부의 항경련제 사용에 대한 최근의 

보고를 소개하려고 한다.

Gabapentin (뉴론틴, 가바펜틴) and pregabalin 
(리리카, 가바뉴로, 카발린, 프레가발린)

Gabapentin은 부분경련 치료의 보조요법으로 미국에서 1993년

에 승인되었다. 이후 40여 개국에서 뇌전증의 단독요법으로 승인되

었다. Gabapentin은 난치성 부분발작과 중심측두엽 극파를 동반한 

소아 양성 뇌전증에서 효과가 있다.

Saetre 등[4]의 연구에 따르면, 60세 이상에서 새롭게 발생한 부분

뇌전증 환자에서 gabapentin은 속효성 carbamazepine만큼의 효

과가 있을 수 있고, 내약성(tolerability)은 더 좋았다. 다만 carba-

mazepine을 대체하기엔 현재 근거가 부족하다.

Pregabalin은 gabapentin과 유사하나 생체이용도가 더 높다. 이

차적으로 전신화되는 부분발작에 대한 치료로 승인되었으나 prega-

balin과 gabapentin 두 항경련제는 현재 뇌전증보다는 통증치료에 

더 자주 사용된다.

속효성 pregabalin은 난치성 부분뇌전증의 보조요법으로 효과적

이며, 효과와 부작용은 용량이 높을수록 증가한다[5-8]. 반면 지속형 

pregabalin은 효과가 없었다. 2018년 개정된 AAN 가이드라인에서

는 난치성 부분뇌전증의 보조요법으로 속효성 pregabalin을 level A

로 강하게 권고하였다[3]. 

Kwan 등[9]의 연구에 따르면 새롭게 발생한 부분뇌전증의 단독치

료로서 pregabalin이 lamotrigine보다 효과가 떨어진다고 보고하

였다. 다만 이 연구에서의 pregabalin의 용량(150 mg/day)은 뇌전

증 환자에서 쓰는 일반적인 용량보다 낮았다.

부작용

흔한 부작용에는 졸림, 어지러움, 구강건조, 말단부종, 시야 흐림

이 있다. 약간의 체중증가와 소아의 행동에 부정적인 영향을 주는 것

이 보고되었다.

용법, 약동학 및 상호작용

Gabapentin의 초기용량은 하루 900-1,800 mg (30 mg/kg/

day)이다. 3,600 mg/day까지 증량 가능하며 하루 3회로 나누어 투

여해야 한다. Pregabalin의 일반적인 성인 용량은 첫 주에 150 mg/

day, 두 번째 주에 300 mg/day, 세 번째 주에 450 mg/day까지 증

량하고 이후 600 mg/day로 증량한다.

Gabapentin과 pregabalin은 다른 항경련제들과는 달리 전적으

로 신장으로만 배설되고 단백질결합을 하지 않는다. 따라서 약물의 

청소율은 크레아티닌 청소율과 비례하고 약물상호작용이 없다.

Lamotrigine (라믹탈)

Lamotrigine은 부분발작, 전신강직간대발작, 그리고 Len-

nox-Gastaut 증후군과 관련된 전신발작의 보조치료로 사용된다. 또

한 결신발작과 청소년 근간대 뇌전증에 효과가 있다.

Lamotrigine은 새롭게 발생한 부분뇌전증과 분류되지 않은 전신

강직간대발작의 단독치료로 고려한다[9-12]. 2018 AAN 가이드라인

에서는 level B로 권고하고 있다. 2, 3세대 항경련제 중 새롭게 진단

된 부분뇌전증의 단독치료로서 level A인 약제는 없으며, level B도 

lamotrigine이 유일하다[2]. 난치성 전신뇌전증의 경우에도 lamo-

trigine을 보조치료로 추가할 수 있다 [13]. 

Marson 등[14]은 소아와 성인에서 새롭게 진단된 특발성 전신뇌

전증이나 미분류 전신강직간대발작에 대해 lamotrigine, topira-

mate를 valproic acid와 비교연구하였다. Lamotrigine은 효과가 

상대적으로 낮고, topiramate는 부작용으로 인한 내약성이 상대적

으로 낮아 valproate가 여전히 일차 약제이다. 다만 임상적으로 각각

의 부작용이나 임신 등의 상황을 고려하여 lamotrigine이나 topira-

mate 사용을 고려할 수 있다.

소아의 결신뇌전증에 대해서는 lamotrigine이 ethosuximide와 

valproic acid보다 효과가 떨어질 수 있다[15]. 따라서 ethosuximide

와 valproic acid를 먼저 고려해야 하나 ethosuximide는 전신강직간

대발작이 없는 결신뇌전증에서만 사용해야 하고, valproic acid는 주

의력 결핍이 나타날 수 있어 임상적인 상황을 고려해야 한다.

Lamotrigine은 골밀도, 호르몬농도에 대한 영향이 적고, 임신중 

복용하였을 때 태아기형의 위험이 상대적으로 낮아 여성에게 중요한 

항경련제이다.

부작용

가장 흔한 부작용은 어지러움, 구역감, 두통이다. 주의를 기울여야 

할 부작용으로는 Steven-Johnson 증후군과 같은 심한 발진이 있으

며, 주로 처음부터 고용량으로 시작하거나 용량을 빠르게 증량하는 

경우에 흔하게 발생한다[16]. Valproic acid와 lamotrigine을 병용

할 경우 lamotrigine 농도가 높아지게 되어 심각한 발진이 잘 발생

할 수 있다. 또한 carbamazepine과 phenytoin에 알레르기 반응이 

있는 환자의 경우 발진이 발생할 가능성이 더 높다.

이런 부작용과는 별개로 lamotrigine은 여러 긍정적인 효과들을 

가지고 있다. 기분을 개선하고 다른 항경련제가 일으키는 기분저하의 

부작용을 예방하는 등 정신적으로 긍정적인 효과를 나타낸다[17]. 

용법, 약동학 및 상호작용

일반적으로 처음 2주는 25 mg/day로 시작하며, 하루 평균 용량은 
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200–400 mg이다. 1–2주 간격으로 용량을 서서히 올리는 것이 중요

하다. 그렇지 않으면 Steven-Johnson 증후군을 포함한 심각한 발진

이 발생할 수 있다.

Lamotrigine은 간에서 glucuronic acid와 결합되어 대사되며, 

투여량의 90%는 신장으로 배설된다. 약 55%는 혈중 단백질과 결합

한다. 반감기는 12–14시간으로 긴 편으로, 하루 두 번 투여할 수 있

다. Valproic acid와 병용했을 때 반감기는 60시간까지 증가하는 반

면 효소유도 항경련제과 함께 사용하면 혈중농도가 현저히 감소한다.

Topiramate (토파맥스, 큐덱시)

Topiramate는 처음에는 부분발작과 이차적 전신발작의 보조요법

으로 승인되었고, 점차 일차적 전신강직간대발작, Lennox-Gastaut 

증후군과 관련된 다양한 발작들에 대해서도 승인되었다.

지속형 topiramate는 성인의 난치성 부분뇌전증의 보조요법으로 

효과가 있을 수 있다[18]. 2018년 AAN 가이드라인에서 lacos-

amide, eslicarbazepine과 함께 level B로 권고하였다[3]. 

Ramsay 등[19]은 새롭게 진단된 뇌전증에 대한 단독치료로 topi-

ramate가 phenytoin에 비해 비열등하지 않다는 결과를 보여주었

다. 하지만 28일간의 단기간 연구로, 두 약제가 동일한 효과를 나타

낸다고 하기는 힘들다. 또한 부분뇌전증의 단독치료로서도 topira-

mate의 효과는 carbamazepine에 비교할 만큼의 근거가 부족하다. 

Marson 등[14]은 lamotrigine, gabapentin, topiramate와 car-

bamazepine을 비교연구하였는데, topiramate가 나머지 3개 약제

에 비해 우위를 보이지 못했으며, 부작용으로 인한 약제중단은 gab-

apentin과 lamotrigine보다 많았다.

부작용

졸림, 집중력 저하, 혼란, 언어기억 및 낱말찾기 장애 등을 보일 수 

있고 용량을 조금씩 증량하면 부작용을 최소화할 수 있다. 또 다른 부

작용으로는 식욕저하, 체중감소, 신장결석, 대사성산증, 소아의 땀감

소증 등이 있다.

용법, 약동학 및 상호작용

초기용량은 25–50 mg/day (0.5–1.0 mg/kg/day)로 시작하고, 1

주 간격으로 점차 증량하여 200–400 mg/day까지 도달하게 한다.

Topiramate의 대사와 배설은 cytochrome P450 유도 약물들에 

의해 증가하고, 신장을 통해 제거된다. 19–23시간의 상대적으로 긴 

반감기를 가지고 있다. 흡수 속도가 빨라 하루 100-400 mg 복용 시 

1-4시간 내에 최고 혈중농도에 도달한다. Topiramate는 하루 200 

mg 이상 복용 시 경구피임제의 효과를 떨어뜨릴 수 있다.

Levetiracetam (케프라, 에필라탐, 레비티람)

Levetiracetam은 부분발작에 대한 보조치료로서 2000년에 미국

에서 승인되었다. 현재 부분발작 및 이차성 전신발작, 일차성 전신강

직간대발작, 청소년 근간대 뇌전증에서의 근간대 발작에서 사용된다.

난치성 강직간대발작과 난치성 청소년 근간대 뇌전증에서 leveti-

racetam을 보조요법으로 고려해야 한다[20,21]. 해당치료를 AAN 

가이드라인에서 level B로 권고하고 있다. 또한 levetiracetam은 1

개월–16세 소아의 난치성 부분뇌전증에서 보조요법으로 level B로 

권고하고 있다.

Brodie 등[22]의 연구에 따르면 새롭게 발생한 부분뇌전증의 단독

치료로서 levetiracetam은 지속형 carbamazepine만큼의 효과를 

보였고, 부작용의 빈도도 비슷했다. Levetiracetam에서는 우울, 불

면이 상대적으로 자주 나타난 반면, 지속형 carbamazepine에서는 

요통과 체중증가가 더 자주 나타났다(level C).

Trinka 등[23]은 16세 이상의 환자에서 새롭게 진단된 전신뇌전

증과 미분류 전신강직간대발작의 단독치료로서 지속형 valproic 

acid와 지속형 carbamazepine에 비해 비열등한 것으로 보고했으

나 levetiracetam으로 대체할 근거가 충분하지는 않다.

부작용

Levetiracetam은 생명을 위협하는 부작용은 적다. 흔한 부작용은 졸

림, 어지러움이며, 그 외에 정서불안, 우울, 불안, 초조, 적대감, 공격성 

등의 행동 이상을 보일 수 있다. 알레르기 반응은 거의 일으키지 않는다.

용량, 약동학 및 상호작용

일반적으로 초기용량으로 성인에서 250–500 mg을 하루 두 번 투

여하고, 소아에서는 20 mg/kg/day로 시작한다. 유지용량은 성인은 

하루 1,000–3,000 mg, 소아는 30–40 mg/kg/day이다. 경구복용 

외에 정맥주사로도 사용 가능하다.

Levetiracetam은 안정적인 약물이다. 선형적인 약동학적 특성을 

보이며 단백질결합을 하지 않는다. 약제의 대사부산물은 약리학적으

로 활동적이지 않으며 신장으로 배설된다. 흡수가 빨라서 경구투여 

후 1시간 내에 혈중 최고농도에 도달한다. 반감기는 6–8시간이므로 

약제는 보통 하루 두 번 투여한다. 일반적으로 초기용량으로 성인에

서 250–500 mg을 하루 두 번 투여하고, 소아에서는 20 mg/kg/day

로 시작한다. 유지용량은 성인은 하루 1,000–3,000 mg, 소아는 30–

40 mg/kg/day이다. 

Zonisamide (엑세그란)

Zonisamide는 미국에서 2000년에 승인되었다. Zonisamide는 

부분발작 및 이차성 전신발작, 일차성 전신강직간대발작, Len-

nox-Gastaut 증후군, 청소년 근간대 뇌전증, 결신발작, 영아 연축, 
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근간대 불안정 뇌전증(Doose 증후군), 그리고 진행성 근간대 뇌전증

에 효과가 있다.

Zonisamide는 6–17세 소아의 난치성 부분뇌전증의 보조치료로

서 고려해야 한다(level B) [3].  

Baulac 등[24]의 연구에 따르면, zonisamide는 새롭게 진단된 부

분뇌전증에서 지속형 carbamazepine만큼의 효과가 있고 부작용은 

비슷했다. 두 항경련제 모두 두통, 어지럼증, 졸림 증상이 가장 흔한 

부작용이었고, zonisamide에서는 식욕저하와 체중감소가, 지속형 

carbamazepine에서는 어지러움이 더 흔했다. AAN 가이드라인에

서는 zonisamide는 새롭게 진단된 부분뇌전증의 단독요법으로 lev-

el C로 권고하였다[2]. 

부작용

Zonisamide는 기면, 피로, 운동실조, 정신운동 완서증, 행동 혹은 

정신적 교란, 식욕부진, 체중감소 등을 일으킬 수 있다. Zonisamide

는 sulfonamide 유도체 계열 약제로 알레르기 반응을 일으킬 수 있

어 sulfonamide에 과민반응을 일으키는 환자에서는 사용을 피해야 

한다. 이외에 topiramate와 비슷하게 대사성산증, 땀감소증, 신장결

석, 이상감각 등이 나타날 수 있다.

용법, 약동학 및 상호작용

초기 권장용량은 성인에서 하루 100 mg, 소아에서 1.0–2.0 mg/

kg/day이다. 성인에서 100–400 mg/day까지 점차 증량한다.

반감기는 50–69시간으로 하루에 한 번 투여하고 간에서 대사된

다. 경구투여 후 2–5시간 내에 최고 혈중농도에 도달한다. 선형적인 

약동학적 특성이 있으며 50% 이상의 단백질결합을 보인다. Zonis-

amide는 다른 항경련제에는 영향을 주지 않지만 약물의 대사는 

phenytoin, carbamazepine, phenobarbital, primidone, val-

proic acid에 의해 가속화된다.

Lacosamide (빔스크, 빔펫)

Lacosamide는 성인에서 복합부분발작의 보조요법으로 2008년

에 미국에서 승인되었다.

3개의 randomized controlled trial (RCT) 연구에서[25-27] 성

인의 난치성 부분 뇌전증의 보조요법으로 효과를 보였다. AAN 가이

드라인에서 level B로 권고하고 있다[3]. 

부작용

Lacosamide의 부작용으로는 어지러움, 구역, 구토, 두통, 운동실

조, 피로, 복시 등이 있다.

용법, 약동학 및 상호작용

초기용량은 100 mg/day로 시작하고 1주 간격으로 100 mg씩 증

량하여 200–400 mg/day까지 도달하게 한다. 다만 난치성 뇌전증 

환자 중에는 경련조절을 위해 400–600 mg/day의 고용량이 필요할 

수도 있다.

Lacosamide는 흡수가 빠르고 CYP 효소에 의해 최소한으로 대사

되며, 낮은 단백질결합을 보이며 약물 상호작용은 적다. 40%는 변형

되지 않고 신장으로 배설된다. Lacosamide의 반감기는 대략 13시

간으로 하루 2회 투여하며 경구투여 후 30분–4시간 내에 혈중 최고 

농도에 도달한다. Lacosamide는 정맥주사로도 이용할 수 있다.

Felbamate (펠바메이트)

Felbamate는 14세 이상의 부분경련 환자에서 단독치료 또는 보

조요법으로 사용하도록 1993년 미국에서 승인되었다. 또한 전 연령

의 Lennox-Gastaut 증후군에서 보조요법으로도 승인되었다. Fel-

bamate는 재생불량성 빈혈 및 간독성을 포함한 심각한 부작용 때문

에 제한적으로 사용되었고, 다른 약제에 효과가 없는 난치성 경련에 

주로 사용되었다.

부작용

전형적인 부작용으로는 구역, 구토, 식욕부진, 체중감소, 졸림, 불

면 등이 있다. 혈중 농도 감시에 대한 지침이 나오기 전에는 5,000명 

중 1명에서 재생불량성 빈혈이 발생하였고, 7,000명~22,000명 중 1

명에서 간 괴사가 발생하였다[28]. 혈구검사와 간기능검사를 통한 감

시로 위와 같은 심각한 부작용을 피할 수 있다. 생명을 위협하는 부작

용은 대부분 치료시작 후 6–12개월에서 발생한다. 많은 임상의들은 

치료 첫 6개월 동안은 2개월에 한 번 혈액검사를 하고, 다음 6개월 

동안에는 매달 검사를 시행할 것을 권고한다. 이후엔 6–12개월 간격

의 검사가 권고된다. 이와 같은 혈액검사를 통한 감시를 시행하자 

felbamate를 새롭게 시작한 35,000명 중 재생불량성 빈혈과 간부전 

환자가 1건도 보고되지 않았다[29]. 

용법, 약동학 및 상호작용

Felbamate의 권장 복용량은 첫 주엔 하루 1,200 mg이며, 1주일 

간격으로 필요시 2배, 3배로 용량을 증량할 수 있다.

Felbamate는 경구투여로 잘 흡수되며 간에서 대사되고 신장을 통

해 배설된다. 단독요법으로 사용했을 때 반감기는 20시간이지만 효

소유도 항경련제와 함께 사용하면 반감기가 13–14시간으로 감소한

다. 또한 CYP 효소 억제제로 작용하여 phenytoin과 valproic acid

의 혈중농도를 증가시킨다. 따라서 felbamate를 사용할 때는 다른 

항경련제의 농도를 줄여야 할 수 있다.

Perampanel (파이콤파)

Perampanel은 12세 이상 환자에서 부분발작 및 이차성 전신발작
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의 보조요법으로 사용된다. Perampanel은 잘 설계된 3개의 RCT 연

구[30-32]를 토대로 성인의 난치성 부분 뇌전증에 대해 그 효과가 입

증되었고, 일차약제로 사용되어야 한다. AAN 가이드라인은 pre-

gabalin과 함께 level A로 강하게 권고하고 있다[3]. 

흔한 부작용은 어지럼증, 졸림, 피로, 과민, 낙상, 구역감, 운동실

조, 체중증가 등이며, 공격적인 행동과 연관되어 있어 정신건강의학

적 부작용이 발생하는지 행동을 잘 관찰하며 사용해야 한다. 보통 성

인에서 4-12 mg/day를 사용한다.

Rufinamide (이노베론)

Rufinamide는 Lennox-Gastaut 증후군과 관련된 발작의 치료에 

사용된다. 2018년 AAN 가이드라인에서 성인과 소아의 Len-

nox-Gastaut 증후군에서 보조치료로서 level A로 권고되었다. 다만 

난치성 뇌전증에 있어서 효용성은 근거가 높으나 효과의 크기가 미미

하여 일차약제로 사용하기 힘들다[33-35]. 

흔한 부작용은 피로, 졸림, 구역, 두통, 어지러움, 식욕감소, 발진 

등이다. 심각하지만 희귀한 부작용으로 과민반응, 간기능저하, 혈구

감소 등이 있다. 50-70 kg 성인에서 권장량은 최대 2,400 mg/day

이며 70 kg 이상에서는 최대 3,200 mg/day까지 복용한다.

Eslicarbazepine acetate (제비닉스)

Eslicarbazepine acetate는 부분발작과 이차성 전신발작의 보조

요법으로 Food and Drug Administration (FDA) 승인되었다. 성인

의 난치성 부분 뇌전증에 대한 3개의 RCT 연구[36-38]를 종합하면 

400 mg/day 용량에서는 효과가 없었고, 800 mg/day와 1,200 

mg/day 용량에서 효과가 있었다. AAN 가이드라인에서 level B로 

권고하고 있다. 또한 성인의 난치성 부분 뇌전증의 단독치료로서도 

유일하게 level C로 권고된다. Eslicarbazepine 외의 다른 2, 3세대 

항경련제들은 난치성 경련의 단독치료로서 근거가 없다.

흔한 부작용은 어지러움, 운동실조, 피로, 집중력저하, 시력저하, 

간기능 저하 등이 있고, 저나트륨혈증과 관련이 있을 수 있다. 성인 

용량은 800-1,200 mg/day이다.

Clobazam (센틸)

Clobazam은 2세 이상의 Lennox-Gastaut 증후군과 연관된 발작

치료의 보조요법으로 FDA 승인되었다.

성인과 소아의 Lennox-Gastaut 증후군에 대해 AAN 가이드라인

은 clobazam을 rufinamide보다 낮은 level B로 권고하고 있다. 또

한 성인의 난치성 부분 뇌전증의 대해 3개의 RCT 연구를 토대로 보

조요법으로 효과가 있을 수 있다는 것이 보여졌지만 2개의 연구

[39,40]는 연구대상이 작고, 1개[41]는 부분발작과 전신발작을 구분

하지 않아 근거가 부족하다(level C).

흔한 부작용으로는 졸림, 변비, 기침, 배뇨통, 발열, 공격성, 불면, 

분명하지 않은 말투, 호흡곤란 등이 있다. 어지럼증과 인지능력이 느

려지는 부작용이 발생할 수 있으나 시간이 지나면서 호전될 수 있다. 

다른 benzodiazepine 계열 약물과 같이 갑자기 중단하면 금단증상

이 발생할 수 있다. 용량은 성인에서 20-40 mg/day이다.

임신과 항경련제

태아 때 항경련제에 노출되면 주요 선천성 기형이 생길 위험이 

1-2%에서 높게는 4-9%까지 높아진다[42]. 오래 전에 출시된 val-

proic acid, phenytoin, carbamazepine, phenobarbital의 임신 

중 복용과 연관된 선천성 기형에 대하여는 비교적 널리 알려져 있다

[43]. 이 중에서 특히 valproic acid는 신경관결손과 연관되어 있어

서 가임기 여성에게는 피해야 할 약물로 간주된다. 신세대 약물 중에

서는 lamotrigine, levetiracetam, lacosamide 등의 약제가 임신 

중에 처방되고 있으며 몇몇 연구가 보고되어 있다.

Veroniki 등[43]의 항경련제와 선천성 기형 발병에 대한 체계적 

문헌고찰에 의하면 ethosuximide (odds ratio [OR] 3.04), val-

proic acid (OR 2.93), topiramate (OR 1.9), phenobarbital (OR 

1.83), phenytoin (OR 1.67), carbamazepine (OR 1.37)은 유의

하게 위험을 증가시켰으나 lamotrigine과 levetiracetam은 그렇지 

않다고 하였다.

10가지 항경련제의 태아 노출을 비교한 코호트 연구에서는 val-

proic acid 노출군에서 이분척추의 위험이 높고, topiramate 노출

군에서 구개열의 위험이 높았으나 lamotrigine, levetiracetam, 

carbamazepine, oxcarbazepine, gabapentin 노출군에서는 유의

한 연관성을 발견할 수 없었다고 보고하였다[44]. Lamotrigine의 태

아 노출에 대한 연구에서는 임신 첫 삼분기 동안 lamotrigine 단독

투여에 노출되었을 경우 2.9%의 주요 선천결함 발생 가능성이 있었

지만 일반 인구군과 차이가 유의하지 않았다고 하였다[45]. 임신 중 

levetiracetam 단독투여와 다른 항경련제와 함께 사용한 경우 le-

vetiracetam 단독투여군 28명의 임신에서는 선천성 기형이 발견되

지 않았다고 하였다. 이들에게서 하루 투약 용량은 250-3,000 mg으

로 평균 1,087 mg이었다. 반면 levetiracetam을 포함한 다약제를 

복용한 임신군 37명 중에서는 2명에서 주요 선천성 기형이 발견되었

다. 이 그룹에서 levetiracetam의 하루 평균 용량은 1,283 mg이었

다. 추가로도 사용된 항경련제는 carbamazepine, topiramate, 

valproic acid였다[46].  

671명의 임신부를 대상으로 한 연구에서는 304명의 levetirace-

tam 단독투여군에서 2명(0.7%)의 주요 선천성 기형이 있었고, 다약

제 사용군 367명 중에서는 19명의 주요 선천성 기형이 있었다고 하

며, 단독투여군에서 평균 용량은 1,670 mg, 다약제 투여군에서 평균

용량은 1,827 mg이었다[42]. 
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덴마크에서 진행된 임신 첫 삼분기 동안 노출된 항경련제와 출생 

시 결함을 인구집단을 대상으로 한 코호트 연구에서 1,532명의 신생

아가 항경련제 노출이 되었고, 49명에서 선천성 결함이 발견되었는데

(3.2%), 이 중에서 주요 선천성 결함은 lamotrigine 38/1,019 (3.7%, 

prevalent OR 1.18), oxcarbazepine 11/393 (2.8%), topiramte 

5/108 (4.6%), gabapentin 1/59 (1.7%), levetiracetam 0/58으로 

보고하였다. 그렇지만 항경련제에 노출되지 않았던 836,263명의 신

생아에서 19,911명의 결함을 가진 신생아 발생(2.4%)이 통계적으로 

유의한 차이를 보이지 않았다고 보고하였다[47]. 

다른 연구에서는 39명의 levetiracetam 단독 투여군에서 주요, 또

는 가벼운 선천기형이 발생하지 않았고, levetiracetam이 포함된 다

약제 투여군 78명 중에서는 3명의 주요 결손이 있었다고 하였다[48]. 

태생기에 lacosamide에 노출된 실험쥐들이 정신분열증상을 보인 것

과 연관되었을 것이라고 보고가 있다[49]. 

미국의 상급 뇌전증치료 센터에서 2012년부터 2016년 사이에 임

산부에게 처방된 항경련제를 보고한 문헌에 의하면, 단독 약제로 가

장 흔하게 처방된 것은 lamotrigine과 levetiracetam이었으며, 다

약제 조합으로 가장 많은 것은 lamotrigine과 levetiracetam 동시

투여 처방이었다[50]. 

새로운 항경련제 사용 가이드라인

앞서 언급한 약제들의 실제 사용을 위해 가이드라인을 정리하였

다. 근거수준이 높은 약제들부터 고려하되 환자 개개인의 상황에 맞

게 약제를 선택하는 노력이 필요하다.

새롭게 진단된 뇌전증에 대해 단독요법으로서 2, 3세대 항경련제

들은 기존 약제에 비해 대체로 근거가 부족하다. 부분 뇌전증의 경우 

carbamazepine 등의 기존 약제에 비해 강한 근거를 지닌 2, 3세대 

항경련제는 없으나 lamotrigine이 level B의 근거수준을 보여 고려

할 수 있다. Level C의 약제들에는 levetiracetam, zonisamide, 그

리고 60세 이상에서 gabapentin이 있다. 전신발작의 단독치료로서 

valproic acid, phenytoin 등의 기존 약제만큼의 근거를 지닌 새로

운 항경련제는 없다. 다만 각각의 부작용이나 임신 등의 상황을 고려

하여 lamotrigine, topiramate를 사용할 수 있다. 또한 levetirace-

tam이 valproic acid와 carbamazepine에 비해 효과가 떨어지지 

않는다는 보고도 있다. 소아의 결신뇌전증에 대해 특별한 부작용이 

없다면 lamotrigine보다 ethosuximide나 valproic acid를 먼저 고

려한다. 다만 ethosuximide는 전신강직간대발작이 없는 결신뇌전

증에서만 사용해야 하고, valproic acid는 주의력 결핍이 다른 약보

다 흔하다.

치료 중 발작이 재발하여 추가요법이 필요한 경우 새로운 항경련

제가 도움이 될 수 있다. 재발한 부분뇌전증의 경우 속효성 pregab-

alin과 perampanel이 근거수준 level A로 고려해야 한다. Level B

의 약제에는 lacosamide, eslicarbazepine acetate, 지속형 topi-

ramate가 있다. 재발한 전신간대발작의 추가요법으로서 lamotrigi-

ne, levetiracetam이 level B로 고려할 수 있다. 난치성 Len-

nox-Gastaut 증후군에서는 rufinamide를 추가해야 한다(level A). 

소아의 경우 재발한 부분뇌전증의 추가요법으로서 levetiracetam을 

1개월-16세에서 고려할 수 있고, zonisamide는 6-17세에서, ox-

carbamazepine은 1개월-4세에서 고려할 수 있다.

임산부에서는 아직 확립된 가이드라인이 없다. 따라서 기존의 보

고된 결과와 부작용을 참고하여 약제를 선택해야 할 것 같다.

결론

비교적 최근에 개발된 항경련제에 대한 연구는 아직 진행중이다. 

Lacosamide의 지속성 경련에 대한 연구나 연구대상이 불충분하여 

아직 근거수준이 낮은 약제들에 대한 추가적인 연구가 진행되면 현재

의 항경련제 가이드라인이 달라질 수 있다.

모든 환자에게 적용 가능한 완벽한 약제는 없으며 전통적인 항경

련제 역시 그 부작용에 따라 2차 약제를 고려해야 하는 경우가 많다. 

2, 3세대 항경련제들의 작용, 부작용, 그리고 상호작용을 잘 파악하

고 예상되는 부작용들을 잘 감시하며, 각 환자에 맞는 개인화된 치료

를 추구해야 할 것이다.
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Clinical Article

Objective: Gamma Knife radiosurgery (GKRS) has been established as an effec-
tive treatment modality for arteriovenous malformations (AVMs). A study on the 
angiographic features of AVMs revealed that a diffuse-type nidus could impede 
complete obliteration after GKRS. In this study, we evaluated the long-term out-
comes of GKRS for diffuse-type nidi and investigated other factors that could af-
fect the prognosis. 

Methods: Among 598 patients who underwent GKRS for AVM at our institu-
tion, 75 patients who were diagnosed with diffuse-type nidi using angiographic 
imaging were followed. Postoperative outcomes were assessed using magnetic 
resonance imaging and digital subtraction angiography. Additionally, the patients’ 
demographic characteristics, GKRS profiles, and relevant angiographic features 
were analyzed to determine other factors that could influence the prognosis. 

Results: Patients’ mean age was 27.9±17.5 years (range: 4–70 years) and the 
mean follow-up period was 67.8±46.3 months (range: 12–206 months). Com-
plete obliteration of the nidus was seen in 34 patients. Obliteration was observed, 
on average, 66 months after GKRS. Complications, including postprocedural 
bleeding and adverse radiation-induced changes, occurred in four patients. A high 
prescription dose (>23 Gy) was a significant factor for complete obliteration 
(p=0.032). Age, target volume, and the number of feeding vessels did not have 
statistically significant impacts on outcomes. 

Conclusion: The complete obliteration rate of GKRS for AVMs with dif-
fuse-type nidi was 45%. The average time to complete obliteration was over 5 
years. Long-term follow-up after GKRS with an appropriate dose is needed for 
patients with diffuse-type nidi. 

KEY WORDS: Arteriovenous malformations, Radiosurgery

INTRODUCTION 

A typical arteriovenous malformation (AVM) is characterized by abnormal arter-
ies and veins without an intervening capillary bed [1,2]. The resulting hemodynam-
ic instability can often lead to various clinical symptoms, including hemorrhage [3]. 
Previously, the most appropriate treatment for this condition was surgical removal. 
However, surgery for AVM was associated with a high risk of postoperative compli-
cations. 

Following the proven effectiveness of the vascular occlusion mechanism of Gam-



https://doi.org/10.52662/jksfn.2021.00067 93 

Outcome of GKRS for diffuse-type nidus AVM

ma Knife radiosurgery (GKRS), the use of GKRS for AVM was in-
troduced at various centers [4,5]. As research progressed, GKRS 
was established as an effective treatment modality for AVM [6-8]. 
Subsequent studies also reported on factors that contribute to fa-
vorable GKRS outcomes in AVM [9,10]. 

In particular, several studies have focused on the angiographic 
features of AVMs. Among these features, the structure of the nidus 
has been well studied, and the diffuse type nidus was found to be an 
impeding factor for complete obliteration after GKRS [11,12]. 
However, the definition of a diffuse type nidus is ambiguous and 
only a few studies have reported any clarifications. Therefore, fur-
ther studies are required to determine the effectiveness of GKRS 
for AVM with diffuse type nidus. 

Herein, we analyzed the long-term follow-up results of GKRS for 
AVM with diffuse type nidus and investigated other factors that 
may have affected patient outcomes. 

MATERIALS AND METHODS 

We analyzed 598 patients who underwent GKRS for AVM at our 
hospital from October 1999 to December 2018. The definition of 
diffuse type nidus is as follows ‘A lesion with a very unclear margin 
that diffusely spreads through normal adjacent brain tissue’, refer-
ring to previously published study [13] (Fig. 1). Two neurosur-
geons examined the patients’ magnetic resonance imaging (MRI) 
and digital subtraction angiography (DSA) images to make a diag-
nosis. Any cases of prior surgical treatment were excluded as it may 
have caused nidus deformation. In total, 75 patients with a diffuse 
type nidus were included in the study. 

Complete obliteration was defined as the absence of a nidus and 
no venous shunting observable in the patient’s DSA. Age, target vol-

ume, prescription dose, and the difference in the feeder vessel (sin-
gle/multiple) were analyzed as factors that could affect obliteration. 

For analysis of the nidus, the location was divided into eloquent 
and non-eloquent areas, and the venous drainage system was divid-
ed into either superficial or deep vein. The diameter of the nidus 
was calculated using MRI T2/time of flight imaging. The volume of 
the nidus was measured using the GammaPlan 10.1 program. 

The linear mixed model test and Student’s t-test were used for 
the statistical analysis. The Statistical Package for Social Sciences 
(IBM SPSS ver. 21.0; IBM Corp., Armonk, NY, USA) was used for 
all calculations, considering a p-value less than 0.05 statistically sig-
nificant. 

Ethical statements
This study was exempted from the Institutional Review Board 

approval from Kyung Hee University Hospital as a retrospective 
study.

RESULTS 

Patient demographics 
A total of 75 patients were included in the analysis. The mean age 

of patients was 27.9 ± 17.5 years (range: 4–70 years). The patient 
group included 38 males and 37 females. The mean follow-up peri-
od after GKRS was 67.8 ± 46.3 months (range: 12–206 months). In 
the initial presentation related to AVM, 50 patients had intracere-
bral hemorrhage due to AVM rupture (Table 1).  

Arteriovenous malformation characteristics  
In 18 patients, the nidus was located in eloquent areas, such as 

the motor cortex and basal ganglia. In 35 cases, the nidus feeder 

Fig. 1. Images of diffuse-type nidi. (A) T2 magnetic resonance image. (B) Time of flight image. A lesion diffusely spreads through the 
adjacent brain tissue. (C) A digital subtraction angiographic image of a diffuse-type nidus. The lesion had an unclear margin.
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presented with single vessels; two or more feeders were present in 
the other 40. In 42 patients, the drainage vein in the nidus was the 
superficial vein, and in 33 patients it was the deep vein. The mean 
nidus diameter was 20.3 ± 9.8 mm, and the mean nidus volume was 
3.3 ± 6.02 cm3 (Table 2). 

Gamma Knife radiosurgery profile 
The mean target volume was 2.4 ± 2.6 cm3, and the mean pre-

scription dose was 22.9 ± 2.2 Gy. Five patients underwent pre-
GKRS embolization. We used a Leksell KULA system (Elekta In-
strument, Stockholm, Sweden) until January 2002, after which we 
used a Leksell Gamma Plan system 10.1. 

Clinical outcomes 
Among all patients, 34 showed complete obliteration, and the 

mean time to obliteration was approximately 66 months. Among 
those with unsatisfactory results after the first GKRS, 28 underwent 

a second round of GKRS. The mean interval duration to the second 
GKRS was 51.7 months. Complications included post-gamma 
bleeding in 3 patients (mean time after GKRS was 12.1 months) 
and adverse radiation effects in 1 patient (Table 3). 

Statistical analysis: complete obliteration rate 
Factors affecting the complete obliteration of the diffuse type ni-

dus were analyzed. We analyzed 34 patients with complete oblitera-
tion and 41 patients with incomplete obliteration. There was no 
statistically significant difference between the age profiles of the 
two groups. The target volume and number of feeders were also not 
significantly different. The prescription dose for the incomplete 
obliteration group was 22.1 Gy and for the complete obliteration 
group was 23.8 Gy, which was statistically significant (Table 4). 

The Kaplan–Meier survival curve for the complete obliteration 
rate over time showed an overall 5-year obliteration rate of 40% and 
a 10-year obliteration rate of 70% (Fig. 2). 

Table 1. Patients’ demographics

Variable Value

Age (yr) 27.9±17.5 (4–70)

Sex (male/female) 38/37

Follow-up period (mo) 67.8±46.3 (12–206)

Presentation (hemorrhage/non-hemorrhage) 50/25

Values are presented as mean±standard deviation (range) or number 
only.

Table 2. Arteriovenous malformation characteristics

Variable Value

Location (eloquent*/non-eloquent) 18/57

Feeder (single/multiple) 35/40

Drainage vein (superficial/deep) 42/33

Nidus diameter (mm) 20.3±9.8

Nidus volume (cm3) 3.3±6.02 

Values are presented as number only or mean±standard deviation. 
*Sensorimotor area, language area, visual cortex, hypothalamus, 
internal capsule, brainstem, cerebellar peduncles, or cerebellar 
nuclei.

Table 3. GKRS outcomes

Variable Value

Complete obliteration (n) 35

Mean time to obliteration (mo) 66

Secondary GKRS (n) 28

Mean interval from first to second GKRS (mo) 51.7

Complications (n) -

Post-GKRS hemorrhage (n) 3

Adverse radiation effect (n) 1

GKRS: Gamma Knife radiosurgery.

Table 4. Univariate analysis for complete obliteration

Variable
Incomplete
obliteration 

(n=41)

Complete
obliteration 

(n=34)
p-value

Age (yr) 27.9±18.9 27.8±15.8 0.987

Target volume (cm3) 2.8±2.6 1.9±2.6 0.145

Prescription dose (Gy) 22.1±2.3 23.8±2.6 0.001*

Feeder (single/multiple) 21/20 14/20 0.487

Values are presented as mean±standard deviation or number only.
*p<0.05.

Fig. 2. Kaplan–Meier survival analysis of Gamma Knife radio-
surgery outcomes for arteriovenous malformations with dif-
fuse-type nidi. The 5-year obliteration rate was 40% and the 10-
year obliteration rate was 70%.
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DISCUSSION 

Several previous studies have established the effectiveness of 
GKRS for AVM [5-7]. In addition, some studies have reported on 
factors that affect complete obliteration after GKRS. Since AVM is 
a vascular disease, studies on hemodynamic factors, particularly an-
giographic features, have also been published [9,10,12]. 

Zipfel et al. [13] reported that a diffuse type nidus was a risk 
factor for incomplete obliteration. (Odds ratio = 0.25). Further, 
Chang et al. [14] analyzed the obliteration rate according to the 
shape of the nidus. These findings indicated that a compact nidus 
was a favorable factor for complete obliteration. Difficulty in tar-
geting of a diffuse-type nidus is not the only reported reason for a 
low obliteration rate. According to Meder et al. [15], a diffuse 
type nidus (sometimes called a non-plexiform nidus) may be in-
susceptible to complete obliteration due to vascular occlusion be-
cause there is a direct arteriovenous fistula in the nidus and an in-
tranidal draining vein. This suggests that even the histological 
characteristics of a diffuse type nidus affect obliteration. 

Another factor that can affect results is the difficulty in targeting a 
diffuse type nidus [16]. The histopathological structure of a diffuse 
type nidus is characterized by diffuse lesions around the cortical 
surface. It also has concurrent focal leptomeningeal angiodysplasia 
and leptomeningeal vessels with abnormally thickened walls [17]. 
Therefore, it is difficult to observe a clear nidus using MRI, which is 
the basis of targeting during GKRS. This ultimately reduces the effi-
ciency of GKRS.  

Despite the aforementioned issues, radiosurgery is the preferred 
treatment for AVM with diffuse type nidus because surgical remov-
al is difficult. Owing to limited treatment options, it is important to 
develop mechanisms that ensure complete obliteration even in such 
cases. An appropriate prescription dose was required for complete 
obliteration in case of the diffuse type nidus. To minimize issues re-
lated to GKRS for these cases and to determine an appropriate radi-
ation dose, we ensured the following: 1) The target volume was 
minimized; staining of the nidus was performed early and angiogra-
phy was mainly used to target the nidus. Therefore, a sufficient dose 
of radiation was delivered to the targeted area. 2) The venous struc-
ture was excluded when planning the GKRS. This not only reduces 
the volume of the target, but also helps prevent complications. 3) A 
treatment plan was prepared using a small collimator with a high 
isodose profile. Thus, it was possible to minimize the amount of ra-
diation affecting the surrounding brain tissue. 

This study has several limitations. First, the definition of a diffuse 
type nidus is not clear. In this study, the analysis was performed us-
ing the radiology classification method, but the diagnosis may have 
varied depending on the judgement of the examiner. To minimize 

this bias, a blinded test was conducted by the two radiologists, but 
no objective classification criteria has been developed yet. Second, 
complete obliteration was evaluated using only angiography. Al-
though this method is helpful in accurately assessing complete 
obliteration, there is potential for false negatives in patients who do 
not undergo angiography. 

CONCLUSION 

GKRS for AVM with diffuse type nidus seems to be effective. 
However, an appropriate prescription dose should be determined 
for the procedure. Further, if target setting is performed carefully, 
good results can be obtained. 
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INTRODUCTION 

Hemifacial spasm (HFS) is a neuromuscular movement disorder characterized 
by brief or persistent involuntary contractions of the muscles innervated by the fa-
cial nerve [1]. The exact pathophysiology of HFS remains unclear, but two hy-
potheses have been discussed. In the peripheral hypothesis, the compression of 
nerve fibers by adjacent vessels may transmit abnormal nerve signals and cause 
HFS [2]. The central hypothesis explains that HFS is created by vessel compres-
sion to the facial nucleus on the brainstem; then, the backfiring signal (antidromic 
nerve conduction) might stimulate the facial nerve to cause spasm [3]. Except in 
cases of secondary HFS caused by trauma, demyelinating disorders, tumors, and 
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Clinical Article

Objective: The average age of hemifacial spasm (HFS) onset is mostly between 
the fifth and sixth decades of life, with a relatively low incidence in younger age 
groups. The objective of this study was to analyze the characteristics and clinical 
outcomes of young-onset hemifacial spasm (YOHFS).

Methods: Between April 1997 and March 2021, 151 HFS patients aged 30 years 
or younger at the time of microvascular decompression (MVD) were selected. 
We analyzed their epidemiological characteristics, intraoperative findings, im-
provements, and postoperative complications by reviewing medical records. 

Results: This study included 151 patients who underwent MVD. The average 
age of the patients was 26 years. The mean symptom duration was 36.5 months. 
The male-to-female sex ratio was 1:1.5. The most common offending vessel was 
the anterior inferior cerebellar artery, and the most common compression type 
was the arachnoid type. Improvements in spasm after MVD were seen in 96.7% 
of patients. No permanent facial palsy was noted after MVD. Changes in brain-
stem auditory-evoked potentials were recorded in 11 patients; however, no per-
manent hearing loss was observed. 

Conclusion: The characteristics and clinical outcomes of YOHFS in this study 
were similar to those of patients with HFS in the general population. Based on the 
clinical outcomes, MVD for YOHFS is effective and safe. Therefore, MVD should 
be considered in patients with YOHFS. 

KEY WORDS: Hemifacial spasm, Microvascular decompression surgery, Preva-
lence
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infections [4], it is believed that the cause of HFS is chronic com-
pression of adjacent vessel to the root exit zone (REZ) of the facial 
nerve [5]. The average age of HFS is mostly between the 5th and 
6th decades of life [1,6] but a lower incidence is reported in those 
aged 30 years and under [7-9]. Since only a few studies on 
young-onset hemifacial spasm (YOHFS) have been reported, little 
is known. Because chronic nerve influences may cause HFS, the 
pathophysiology of YOHFS may be different from that of typical 
HFS. We analyzed the characteristics of 151 patients with YOHFS, 
which is, to the best of our knowledge, the largest cohort reported 
to date. 

MATERIALS AND METHODS 

A total of 4,363 patients underwent microvascular decompres-
sion (MVD) surgery for HFS between April 1997 and March 2021. 
Among them, 151 patients were aged 30 years or younger at the 
time of surgery (3.5%). The diagnosis was made based on clinical 
history, physical examination, and radiologic findings. All patients 
underwent magnetic resonance imaging to identify vessel compres-
sion at the facial nerve REZ. 

The assessment was performed by reviewing the medical records. 
The present study protocol was reviewed and approved by the In-
stitutional Review Board of Konkuk University Medical Center 
(approval No. 2021-08-002). The patients’ sex, age, duration of 
symptoms at the time of surgery, past medical history, severity of 
the symptoms, improvement of spasms, changes in lateral spread 
response (LSR) during surgery, type of compression, changes in 
brainstem auditory-evoked potential (BAEP), facial nerve indenta-
tion, and offending vessels were analyzed. Postoperative complica-
tions were also analyzed. 

The severity of HFS was categorized into four different groups, 
as described in a previous report [10]. Grade 1 patients complained 
of localized spasms around the periocular area. Grade 2 patients 
showed involuntary movement spreading to other parts of the ipsi-
lateral face and with the orbicularis oris, zygomaticus, frontalis, or 
platysma muscle affected. Grade 3 patients experienced interfer-
ence with vision because of frequent tonic spasms. Grade 4 patients 
had disfiguring asymmetry and continuous contraction of the orbi-
cularis oculi muscles affecting the opening of the eye. 

Facial electromyography and BAEP were monitored throughout 
the surgery to detect injury to the 7th and 8th nerves. The changes 
in the amplitude and latency of BAEP were continuously reported 
to the operator by an expert neurophysiologist. The LSR was moni-
tored to evaluate successful MVD. We categorized the LSR changes 
into five types: Type 1A (disappearance of the LSR after opening of 
the dura), 1B (LSR loss after cerebrospinal fluid [CSF] drainage), 

2A (LSR loss immediately after MVD), 2B (delayed LSR loss after 
MVD), or 3 (no signal change after MVD). 

Compression types were categorized into six groups. In the 
arachnoid type, arachnoid trabeculae between the vessel and the 
brainstem cause the vessel to be tightly tethered to the facial nerve. 
In the branched type, the facial nerve is caught between the com-
pressing vessel and its branch. In the perforator type, perforating ar-
teries from the compressing vessel cause compression by tethering 
the vessel to the brainstem. In the loop type, the vascular loop of the 
offending vessel compresses the facial nerve. In the sandwich type, 
the facial nerve is sandwiched between two different vessels. In the 
tandem type, one vessel compresses another vessel, which in turn 
compresses the nerve [5,11]. 

The indentation of the facial nerve compression by the offending 
vessels was analyzed under a microscope and categorized into three 
groups: grade 1 (minimal or no indentation of the facial nerve), 
grade 2 (moderate indentation), or grade 3 (severe indentation 
causing discoloration of the facial nerve) [5]. 

The improvement in spasm after MVD was categorized into 
three groups by the degree of the disappearance of spasm and was 
evaluated immediately post-operation, at a 1-month follow-up, and 
at a 1-year follow-up. Group 1 comprised patients with complete 
disappearance of spasm, group 2 comprised those whose symp-
toms remained under 50% compared to the preoperative state, and 
group 3 comprised those who remained ≥ 50% symptomatic or 
even had aggravation of symptoms after surgery. 

RESULTS 

Demographics of young-onset hemifacial spasm 
The mean patient age was 26 ± 3.6 years (range, 7–30 years). The 

average duration of symptoms before surgery was 36.5 ± 24.9 
months (range, 5–174 months). The male-to-female ratio was 1:1.5 
(n = 61 [40.4%]:n = 90 [59.6%]). Right-sided HFS was observed in 
81 patients (53.6%) and left-sided in 70 patients (46.4%). Grade 2 
spasm was most frequent (n = 94; 62.3%), followed by grade 3 
(n = 42; 27.8%), grade 1 (n = 11; 7.3%), and grade 4 (n = 4; 2.6%). 
Seven patients had a history of hypertension (4.6%), and one pa-
tient had diabetes mellitus. These demographic data is summarized 
at Table 1. 

Intraoperative findings in young-onset hemifacial spasm 
Every patient had a clear offender compressing the facial nerve 

REZ. The offending vessels and their compression type and facial 
nerve indentation grades were confirmed under a microscope. 
There were 107 cases (70.9%) with only the anterior inferior cere-
bellar artery (AICA) as the offender, 20 cases (13.2%) with only 
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the posterior inferior cerebellar artery (PICA), 1 case (0.7%) with 
only the vertebral artery (VA). Multiple offenders were seen in 23 
cases (15.2%), including the AICA and PICA in 3 cases, the AICA 
and VA in 8 cases, the PICA and VA together in 4 cases, multiple 
vessels including veins in 7 cases, and the AICA, PICA, and VA to-
gether in 1 case. 

The arachnoid type was the most common type (n = 57; 37.7%), 
followed by perforator type (n = 42; 27.8%), tandem type (n = 20; 
13.2%), branched type and sandwich type (both n = 12; 7.9% 
each), and loop type (n = 8; 5.3%). Grade 1 indentations were ob-
served in 20 patients (13.2%), grade 2 in 59 patients (39.1%), and 
grade 3 in 72 patients (47.7%). 

BAEP changes were found in 11 patients of whom 8 had full re-
covery and 3 showed recovery under 50% during surgery. However, 
no postoperative hearing loss was observed. 

Disappearance of LSR after decompression of the offender from 
the facial nerve, type 2A disappearance of spasm was the most com-
mon type (n = 105; 69.5%). Type 1A was observed in 25 patients 
(16.6%), type 2B in 14 patients (9.3%), type 1B in 5 patients 
(3.3%), and type 3 in 2 patients (1.3%). These intraoperative find-
ings are organized at Table 2. 

Improvement of spasms after the surgery 
In the immediate postoperative period, there were 103 patients 

(68.2%) in group 1, 45 (29.8%) in group 2, and 3 (2.0%) in group 
3. One month after surgery, group 1 increased to 118 patients 
(78.1%), group 2 decreased to 23 (15.2%), and group 3 increased 
to 10 (6.6%). At the 1-year follow-up, there were 146 patients 
(96.7%) in group 1, 3 (2.0%) in group 2, and 2 (1.3%) in group 3. 
This gradual increase of improvement is depicted at Fig. 1. 

Among patients with spasm relief at immediate postoperative, 7 
aggravated to grade 2 and 3 after a month. However, they all be-
came spasm free at 1 year follow-up. Forty-three patients who 

showed grade 2 outcome immediately, 39 patients were improved 
to grade 1 at the 1 year follow-up whereas the three patients re-
mained as grade 2 and one patient aggravated to grade 3 at 1 year 
follow-up. Among 3 who were grade 3 immediate postoperative, 
one patient stayed as grade 3 at 1 year follow-up and the other 2 
patients improved to grade 1 at 1 year follow-up. Finally, 146 pa-
tients were spasm free (96.7%) at one year follow-up visit.  

Forty-three patients visited the outpatient clinic even one year 
after the surgery. The follow-up period was from 3 years to 16 
years after the surgery. The longest follow-up period patient was 

Table 1. Demographic data of patients with young-onset hemifacial spasm

Characteristic of young patient Subheading Value

Age at surgery (yr) 26± 3.6 (7–30)

Symptom duration before surgery (mo) 36.5± 24.9 (5–174)

Sex Male 61 (40.4)

Female 90 (59.6)

Left:right (ratio) 70 (46.4):81 (53.6)

Severity of spasm Grade 1 11 (7.3)

Grade 2 94 (62.3)

Grade 3 42 (27.8)

Grade 4 4 (2.6)

Past medical history Diabetes mellitus 1 (0.7)

Hypertension 7 (4.6)

Values are presented as mean±standard deviation (range) or number (%).

Table 2. Intraoperative findings of YOHFS patients

Intraoperative finding of YOHFS Subheading Value

Offending vessels AICA 107 (70.9)

PICA 20 (13.2)

VA 1 (0.7)

Multiple offenders 23 (15.2)

Compression type Arachnoid 57 (37.7)

Branched 12 (7.9)

Perforator 42 (27.8)

Loop 8 (5.3)

Sandwich 12 (7.9)

Tandem 20 (13.2)

Indentation Grade 1 20 (13.2)

Grade 2 59 (39.1)

Grade 3 72 (47.7)

LSR changes 1A 25 (16.6)
1B 5 (3.3)
2A 105 (69.5)
2B 14 (9.3)
3 2 (1.3)

Values are presented as number (%). YOHFS: young-onset hemifacial 
spasm, AICA: anterior inferior cerebellar artery, PICA: posterior 
inferior cerebellar artery, VA: vertebral artery, LSR: lateral spread 
response.
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28-year-old female at the time of the surgery and she did not show 
any recurrence at the last follow-up. 

Forty-two patients were patients who had grade 1 spasm one 
year after the surgery. Most patients had no recurrence. Although 
few patients had minimal recurrence, they showed improvements 
at the next follow-up. One patient was the patient who had grade 2 
spasm one year after the surgery. The patient showed improve-
ment of the spasm at 2 year follow-up. While the other two grade 2 
patients and the two grade 3 spasm patients did not visit the outpa-
tient clinic after one year. We have analyzed multiple factors such 
as duration of symptom, age of surgery, indentation grades with 
prognosis. However there was no significant factor. 

We have analyzed multiple factors such as duration of symptom, 
age of surgery, indentation grades to evaluate the prognosis of the 
MVD. However, there was no significant factor. 

Complications 
There were 3 patients with CSF leak, 2 with meningitis, and 18 

with facial palsy immediately after surgery. Excluding 2 patients 
who already had facial palsy before MVD, 18 patients had facial pal-
sy after surgery (12.1%). There were 9 patients with House-Brack-
mann grade 2 facial palsy, 8 with grade 3, and 1 with grade 4. All pa-
tients with facial palsy recovered to normal by the last follow-up. 
Transient hearing loss was found in 1 patient but recovered after 3 
days. 

DISCUSSION 

We find five previous studies in the literature of patients with 
YOHFS who underwent MVD in PubMed search [7,8,12-14]. 
Two studies included 10 or less than 10 patients and largest cohort 
reported by Chang et al. [8] included 33 patients. All five studies 
examined the number of patients, sex, age of onset or age at sur-
gery, sides of HFS, surgical outcome and the most common of-
fending vessels. Those previous reported literatures are summa-
rized in Table 3. 

We have found some common features of YOHFS through 
comparison with these other studies. Female predominance was 
found in three published studies and in our study (male-to-female 
ratio, 1:1.5). However, Jho and Jannetta [7] showed an equal male-
to-female ratio, and Karki et al. [13] showed male predominance. 
Their studies had small patient groups of 10 and 6, respectively. 
Regarding the size of the patient groups, we could assume that 
YOHFS has female predominance as well as HFS in the general 
population. However, the overall male-to-female ratio reported in 
other studies shows a more definite female predominance (1:1.9–
2.4) [5,15,16] but YOHFS shows a more balanced male-to-female 
ratio. These sex differences in YOHFS and HFS in the general 
population might be because HFS is a facial muscle disorder relat-
ed to facial expressions and cosmetic issues; as women tend to be 
more interested in their cosmetic appearance, they may be more 
likely to visit a clinic regarding facial muscle disorders than men. 

Fig. 1. Improvement of spasms after microvascular decompression (MVD) in young-onset hemifacial spasm. The number of group 1 
patients gradually increased. In the immediate postoperative (post OP) period, there were 105 patients (69.5%) in group 1. Group 1 in-
creased to 118 patients (78.1%) at 1 month after MVD and to 146 patients (96.7%) at the 1-year follow-up. The number of group 2 pa-
tients declined. In the immediate postoperative period, it included 43 patients (28.5%). The number of group 2 patients decreased to 
23 (15.2%) at the 1-month follow-up and 3 (2.0%) at the 1-year follow-up. Only 3 patients were classified as group 3 in the immediate 
postoperative period. However, at 1 month after MVD, the number of group 3 patients increased to 10 (6.6%). At the 1-year follow-up, 
the number of group 3 patients decreased to 2 (1.3%).
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Characteristics of young-onset hemifacial spasm

According to Singh et al. [17], the decline in estrogen and pro-
gesterone levels is related to peripheral neuropathy. Postmeno-
pausal patients with peripheral neuropathy had lower estrogen and 
progesterone levels than postmenopausal patients without periph-
eral neuropathy. In addition, Suzuki et al. [18] reported that estro-
gen plays a role in neuroprotection. Estrogen protects against cell 
death during cerebral ischemia and influences cell proliferation. 
Thus, the role of hormone changes in aging females can also in-
crease the incidence of female patients with HFS in the general 
population compared to YOHFS. In other words, hormonal de-
crease in post-menopausal patients could be the related with the 
fact that female prevalence of YOHFS patients is lower than the 
general population. 

The results of MVD for HFS in the general population were 
similar to those for YOHFS. In a meta-analysis by Holste et al. 
[19], 39 studies and 6,249 patients were meta-analyzed with an 
overall cure rate of 90.5% at a mean follow-up of 1.25 years. This is 
similar to the outcomes of YOHFS studies. Therefore, we could 
infer that MVD is an effective treatment in young patients as well 
as in the general population. 

Jo et al. [20] reported that 7 out of 331 patients (2.1%) experi-
enced intraoperative BAEP changes and 2 patients had permanent 
hearing loss after MVD (0.6%). In our study, 11 patients had intra-
operative BAEP changes (7.3%). However, none of the patients ex-
perienced hearing loss after surgery, regardless of BAEP improve-
ment during surgery. One patient who had transient hearing loss 
without intraoperative BAEP changes fully recovered 3 days after 
surgery. There were more frequent BAEP changes in YOHFS than 
in previous studies, which might be related to the fact that the brain 
volume of younger patients is larger than that in older patients, and 
the CSF space is relatively small [21]. Therefore, more retraction of 
the cerebellum might be needed in young patients, and consequent-

ly, BAEP changes can be more frequently found. Nevertheless, 
nerve fibers might be more durable in younger patients and no 
hearing loss was found in younger patients, even though there were 
more BAEP changes. This might be related with the previous stud-
ies which showed that neuroplasticity of young population is more 
active compared with older population [22,23]. 

The incidence of postoperative facial palsy can be explained in 
the same fashion. According to a systematic review of 5,685 pa-
tients by Miller and Miller [24], permanent postoperative facial 
palsy occurred in 0.9% of patients after MVD. However, the young 
patients in our group showed no permanent facial palsy and 
showed only transient facial palsy. Although hearing loss or facial 
palsy after MVD is infrequent, the results of this study may be bi-
ased; further studies are needed to confirm these hypotheses. 

The offending vessels and the type of compression in YOHFS 
were similar with the general population. As we previously report-
ed that AICA (53.2%) was the most common offender and the 
PICA (30.9%) as the second most common offending vessel [5]. 
For type of compression, YOHFS as well as previous reported 
studies showed dominant ratio of arachnoid type. 

The limitations of our study are that it included data from only 
patients with YOHFS and lacked data from patients in the general 
population with HFS. The comparative study of our group and the 
general population relies on a comparison with previous reports. 
Therefore, statistical analysis between patients with YOHFS and 
those in the general population with HFS should be performed to 
confirm our conclusions. 

CONCLUSION 

The pathophysiology of HFS remains unclear. However, the 
pathophysiology of YOHFS seems to be similar to HFS in the gen-

Table 3. The epidemiology of young-onset hemifacial spasm

Study Patient (n) Sex (M:F) Age (yr)* Side of HFS 
(L:R) Mean duration† Outcome Offending 

vessel

Jho and Jannetta (1987) [7] 10 1:1 16.5 (2–20): age of onset 1:0.67 N/A 90% PICA
26.5 (13–57): age at surgery

Chang et al. (2001) [8] 33 1:2.3 21.5± 0.6 (11–25): age of onset 1:1.2 5.5± 0.6 yr 90.9%
(good and fair)

PICA

27.1± 0.5 (21–30): age at surgery

Tan and Chan (2006) [12] 15 1:4 31.6± 4.9 (21–36): age of onset 1:0.5 4± 2.4 yr - AICA

Liang et al. (2014) [14] 16 1:3 16.3 (11–18): age of onset 1:1.3 8.2 yr (1–18 yr) AICA
24.4 (13–36): age at surgery

Karki et al. (2019) [13] 6 1:0.5 27.8± 1.8 (23–30): age at surgery 1:5 100% PICA

Our study 151 1:1.5 26± 3.6 (7–30): age at surgery 1:1.2 36.5± 24.9 mo 96.7% AICA

M: male, F: female, HFS: hemifacial spasm, L: left, R: right, N/A: not available, PICA: posterior inferior cerebellar artery, AICA: anterior inferior 
cerebellar artery. *Values are presented as median (range) or mean±etandard deviation (range). †Values are presented as mean±standard 
deviation or median (range).
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eral population, considering that there was no significant differ-
ence between YOHFS and the general population. The clinical 
outcomes of MVD for YOHFS were satisfactory. In addition, com-
plications such as facial palsy and hearing loss are relatively rare. 
Therefore, MVD should be considered as the treatment of choice 
for YOHFS. 
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INTRODUCTION 

Radiotherapy and radiosurgery play important roles in the treatment of brain tu-
mors. However, radiation is closely related to several long-term complications, in-
cluding leukoencephalopathy, vascular injury, arteritis, neuritis, hypothalamic- pi-
tuitary axis insufficiency, and radiation-induced neoplasia [1,2]. Among radia-
tion-induced neoplasias, meningioma is the second most common tumor that can 
occur after cranial radiotherapy [3]. Radiosurgery is also not an exception to radia-
tion-induced tumors [4,5]. 

Various cases of radiation-induced meningioma (RIM) have been reported 
since the first report of RIM in the radiotherapy field after radiotherapy for optic 
nerve glioma was reported in 1953. Additionally, RIM is known to have different 
histological characteristics and a poorer prognosis than sporadic meningiomas 
[6,7]. In this paper, we report a case of RIM with different pathologies that oc-
curred consecutively after radiotherapy. 
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Case Report

Meningioma is the second most common type of radiation-induced neoplasia 
that occurs after cranial radiotherapy. In this paper, we report a case of multiple 
radiation-induced meningiomas (RIMs) with different pathologies. A 23-year-old 
woman had a medical history of medulloblastoma at 2 years of age, for which she 
received chemotherapy and radiotherapy after operation. On follow-up magnetic 
resonance imaging (MRI) performed at the age of 13 years, RIM was observed in 
the left sphenoid ridge. The meningioma was treated with surgery and Gamma 
Knife radiosurgery. On follow-up MRI performed at 21 years of age, another RIM 
was found in the right temporal dura. The second RIM was stable after Gamma 
Knife surgery, but a third RIM occurred in front of the second. We removed the 
second and third RIMs in one operation. The pathological diagnoses of the first, 
second, and third RIMs were transitional, meningothelial, and atypical meningo-
thelial meningioma, respectively. As shown in this case, RIM can develop several 
decades after exposure to radiation, and various grades of meningioma can occur 
at multiple sites. Therefore, patients who have undergone radiotherapy should re-
ceive long-term follow-up to check for RIM, and the appropriate treatment 
should be administered for the expected grade. 

KEY WORDS: Meningioma, Radiation-induced neoplasms, Gamma knife ra-
diosurgery, Radiotherapy
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Ethical statements 
This study was conducted in accordance with the Declaration of 

Helsinki and was approved by the Institutional Review Board of 
Yonsei University College of Medicine (No. 2021-2692-001), and 
the requirement for the patient’s written consent was waived as it 
was a retrospective study.  

CASE REPORT 

A 23-year-old woman presented with a growing mass in the right 
frontal dura. The patient had a medical record of medulloblastoma at 

2 years of age. She had received a chemotherapy regimen consisting 
of vincristine, dactinomycin, cyclophosphamide, and doxorubicin af-
ter surgical resection, as well as whole-brain radiotherapy, with a total 
dose of 5,520 cGy. On follow-up magnetic resonance imaging (MRI) 
performed at 13 years of age, 11 years after combined treatment, me-
dulloblastoma had not recurred (Fig. 1A). However, a left sphenoid 
ridge meningioma was observed (Fig. 1B). The meningioma present-
ed as a large enhancing calcified mass invading the cavernous sinus 
and foramen ovale. The sphenoid meningioma was surgically re-
moved. The pathological diagnosis was transitional meningioma, and 
2–3% of tumor cells expressed Ki-67 (Fig. 2A, B). Gamma Knife sur-

Fig. 1. Magnetic resonance imaging performed at 11 years of age, after surgical and radiation therapy for medulloblastoma. (A) 
There was no recurrence of medulloblastoma on a gadolinium-enhanced T1 image (arrow). (A, B) However, radiation-induced menin-
gioma was observed on the left sphenoid ridge. (C, D) The sphenoid meningioma was surgically removed, but a remnant tumor in the 
cavernous sinus was observed on a postoperative gadolinium-enhanced T1 image. Gamma Knife surgery was performed to remove 
the cavernous sinus remnant tumor.

A

C

B

D



https://doi.org/10.52662/jksfn.2021.00046 105 

RIMs with various pathologic diagnoses

gery (GKS) was performed for the cavernous sinus remnant tumor 
(Fig. 3; marginal dose of 14 Gy at 50% isodose level). 

On follow-up MRI performed at 21 years of age, another RIM 
with a size of 22 mm was found in the right temporal dura. For 
temporal meningiomas, only GKS was performed (Fig. 4; margin-
al dose of 14 Gy at the 50% isodose level). 

On follow-up MRI performed 1 year after GKS, the treated right 
temporal dura meningioma was stable, but a newly developed me-
ningioma was observed in the right frontal dura (Fig. 5). Since the 
growth rate of the right frontal meningioma was very high in the 
follow-up MRI performed 3 months later, surgery was performed 
instead of GKS. The right temporal meningioma was stable with 
GKS, but it was decided to be removed because it was very close to 
the right frontal meningioma and could therefore be removed at 
the same time. Tumors were extensively removed with the origin 
dura (Fig. 6; Simpson grade 1). The pathological diagnosis of a 

right frontal tumor was atypical meningothelial meningioma. His-
topathological examination revealed frequent mitoses (6–8/10 
high-power fields [HPFs]), and immunohistochemical analysis re-
vealed Ki-67 expression in 15–20% of tumor cells (Fig. 2C, D). 
The pathological diagnosis of a right temporal tumor was a menin-
gothelial meningioma. Histopathological examination revealed 
frequent mitoses (1/10 HPFs), and immunohistochemical analy-
sis revealed Ki-67 expression in 1–2% of tumor cells (Fig. 2E, F). 
The postoperative clinical course was uneventful, and the patient 
showed no neurological deterioration. Approximately 3 months 
after the first surgery, a follow-up MRI showed that the right tem-
poral and frontal meningiomas were well removed. 

The history of the patient’s disease, treatment, and outcomes are 
summarized in Table 1. The histopathological analyses of the re-
moved RIM are summarized in Table 2. 

Fig. 2. Hematoxylin and eosin (H&E) staining (A) and MIB-1 immunostaining (B) of the sphenoid meningioma at ×200 magnification. 
The pathological diagnosis was transitional meningioma, and 2–3% of tumor cells expressed Ki-67. H&E staining (C) and CD45-Ki67 
dual staining (D) of the right frontal meningioma at ×200 magnification. The pathological diagnosis was atypical meningothelial me-
ningioma. Histopathological examination revealed frequent mitoses (6–8/10 high-power fields [HPFs]), and immunohistochemical 
analysis revealed Ki-67 expression in 15–20% of tumor cells. H&E staining (E) and CD45-Ki67 dual staining (F) of the right temporal 
meningioma at ×200 magnification. The pathological diagnosis was meningothelial meningioma. Histopathological examination re-
vealed frequent mitoses (1/10 HPFs), and immunohistochemical analysis revealed Ki-67 expression in 1–2% of tumor cells.
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Fig. 4. Magnetic resonance imaging performed 19 years after surgical and radiation therapy for medulloblastoma. There was no 
recurrence of medulloblastoma, and the left sphenoid meningioma was also stable (C; arrows). However, another radiation-induced 
meningioma was observed in the right temporal dura on a gadolinium-enhanced T1 image (A, B). Gamma Knife surgery was per-
formed for the right temporal meningioma (D, E; marginal dose of 14 Gy at a 50% isodose).

Fig. 3. Gamma Knife surgery was performed on the remaining cavernous sinus remnant tumor after surgical removal of the left 
sphenoid meningioma (marginal dose of 14 Gy at a 50% isodose).
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Fig. 5. Magnetic resonance imaging performed 1 year after Gamma Knife surgery for right temporal radiation-induced meningioma 
(RIM). (A, B) The treated right temporal meningioma was stable, but a third RIM occurred in front of the second one (arrows). We 
removed the second and the third RIMs in one operation. Postoperative gadolinium-enhanced T1 images confirmed total removal 
(Simpson grade 1) of both RIMs (C, D).

DISCUSSION 

The etiology of RIM cannot be clearly distinguished with spo-
radic meningioma, Cahan’s criteria may help define RIM. Cahan’s 
criteria were suggested in 1948, which were used to define a radia-
tion-induced sarcoma [8,9]. And the modified Cahan’s standard 
used as the standard for RIM demonstration is as follows. (1) The 
lesion must be located an irradiated field. (2) A reasonable time in-
terval, preferably longer than 4 years, must have elapsed between 
the initial irradiation and the new lesion. (3) The lesion must be 
histologically different from the previously original neoplasm. (4) 
The patient does not have a genetic predisposition for tumorigen-
esis. The patient should not have a genetic predisposition for tu-
mor formation. 

In this case, there were no medical record on the original radia-
tion field of meningioma since the patient received radiation thera-

Fig. 6. Both the right temporal meningioma and the right frontal 
meningioma were removed in one operation. The tumors were 
extensively removed with their area of origin in the dura (Simpson 
grade 1).
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py 21 years ago. However, we believe that meningiomas could be 
included in the radiation field for medulloblastoma because the 
medulloblastoma of the patient was located in the high infratento-
rial area and the meningiomas were located in the low supratento-
rial area. Therefore, the authors judged that the meningiomas in 
this patient satisfies all four conditions required for RIM. 

Since Mann et al. [10] first reported RIM in 1953, a large num-
ber of RIMs have been reported. According to reports, RIM has 
characteristics different from sporadic meningioma. 

Histopathologic grade  
The World Health Organization (WHO) classification divides 

meningiomas into three grades, according to histopathological di-
agnosis. It was previously reported that 84–91% of sporadic me-
ningiomas were WHO grade I, 7–17% were WHO grade II, and 
1–9% were WHO grade III meningiomas [11,12]. 

However, RIM has been reported to have a higher histopatho-
logical grade than sporadic meningiomas. Al-Mefty et al. [13] re-
ported that 38% of patients who fulfilled the criteria for RIMs had 
atypical or malignant histopathological findings with a high recur-
rence rate. Yamanaka et al. [14] reported that out of 251 RIMs, 
68.3% were WHO grade I, 26.8% were WHO grade II, and 4.9% 
were WHO grade III. 

Due to its high histopathologic grade, RIM has a more aggres-
sive clinical behavior and a higher recurrence rate than sporadic 
meningiomas. 

Incidence rate according to age and gender 
Most studies have shown a predominance of sporadic meningio-

mas in women. The incidence in females is approximately 2–3 times 
more than that in males. The incidence rate of sporadic meningioma 
progressively increases with age, peaking at 75–89 years [15,16]. 

The average age of patients who developed RIM after high-dose 
radiation was reported to be 30–38 years, and the average age of 
patients who developed RIM after low-dose radiation was report-
ed to be 45–58 years [17,18]. However, unlike sporadic meningio-
mas, RIM has a clear exposure age of radiation, so it is reasonable 
to measure the latency period from radiotherapy rather than the 
average age of tumor diagnosis. Yamanaka et al. [14] reported, af-
ter the analysis of 251 cases of RIM, that the latency period be-
tween radiotherapy for primary lesions and the onset of meningio-
mas was 22.9 ± 11.4 years. The latency period was shorter for pa-
tients who received high-dose radiation than for those who re-
ceived low-dose radiation. They also found that systemic chemo-
therapy shortened the latency period of the RIM. 

Multiplicity 
RIM has an increased incidence of multiplicity. Strojan et al. [19] 

reported that 8% of 126 secondary meningiomas had multiple le-
sions after irradiation. Lillehei et al. [20] reported that multiple le-
sions were found in 16% of RIM cases. 

There is no consensus regarding the treatment of RIM. We con-
sidered the tumor growth rate and expected pathological diagnosis 
when determining the treatment method for RIM in the patient. 
Through this case report, we can see that when multiple RIMs oc-
cur in the same patient, each RIM can have various pathological 
findings. Therefore, when deciding how to treat RIM, we should 
consider the fact that the characteristics of RIM differ from those of 
sporadic meningiomas. 

CONCLUSION 

As shown in this case, RIM can develop several decades after ex-
posure to radiation, and various grades of meningiomas can occur 

Table 1. Diseases, treatments, and outcomes of the patient

Age (yr) Initial diagnosis date Disease Location Initial treatment Outcome
2 2000-04-27 Medulloblastoma Cerebellum Surgery, RTx, CTx Stable

13 2011-04-20 Meningioma Lt. sphenoid Surgery, GKS Stable
21 2019-11-04 Meningioma Rt. temporal GKS Stable
23 2020-11-27 Meningioma Rt. frontal Surgery, RTx Stable

Lt: left, Rt: right, RTx: radiotherapy, CTx: chemotherapy, GKS: Gamma Knife surgery.

Table 2. Pathological diagnoses of radiation-induced meningiomas

Age (yr) Operation date Location Size (mm) Pathologic diagnosis Ki-67 Mitose
13 2011-05-13 Lt. sphenoid 34 Transitional meningioma 2–3% -
23 2021-02-04 Rt. temporal 25 Meningothelial meningioma 1–2% 1/10 HPFs
23 2021-02-04 Rt. frontal 23 Atypical meningothelial meningioma 15–20% 6–8/10 HPFs

Lt: left, Rt: right, HPFs: high-power fields.
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at various sites. Therefore, patients who have undergone radiother-
apy need follow-up for RIM for a long time, and appropriate treat-
ment for the expected grade should be applied. 
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Post-traumatic calcified epidermoid 
cyst in the posterior fossa: a case 
report 
Seungseob Park, MD, Il Young Shin, MD 

Department of Neurological Surgery, Hallym University Dongtan Sacred Heart Hospital, 
Hwaseong, Korea 

INTRODUCTION 

Intracranial epidermoid cysts (IECs) are uncommon, with an incidence of 0.1–
0.8% of all intracranial tumors [1,2]. Most are typically observed as congenital dis-
eases in children and are due to remaining ectodermal tissues from the disruption 
of neural tube closure [1]. Although acquired epidermoid cysts rarely occur, trau-
ma can lead to implantation of epidermal cells in the intracranial space [3]. 

Herein, we present a case in which trauma led to a large epidermoid cyst in the 
posterior fossa, causing cortical dysfunction, and where surgical resection im-
proved symptoms. 

CASE REPORT 

A 72-year-old man with a history of diabetes mellitus and hyperlipidemia visited 
the outpatient clinic of Department of Neurology to improve his gradual decrease 
in cortical function. He had a history of head trauma in a motorcycle accident 20 
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Case Report
In rare cases, head trauma can cause epidermal cell invasion into the intracranial 
space. A 72-year-old man visited our outpatient clinic with abnormal brain mag-
netic resonance imaging findings. The patient experienced head trauma 20 years 
ago and complained of progressive cortical impairment 1 year previously. Radio-
logic findings revealed an 8-cm lobulated tumor in the right occipital convexity 
with inner calcification and invasion in the dura mater and bone tissue, causing a 
mass effect. The tumor was assumed to be an atypical meningioma or bone mass. 
We planned craniectomy, tumor removal, and bone reconstruction. The intraop-
erative findings included a cystic capsulated tumor with dura mater and skull in-
vasion. After capsule removal, we observed liquified tumor contents with kera-
tin-like material. After surgery, the pathologic report confirmed that the tumor 
was an epidermoid cyst. On follow-up magnetic resonance imaging, there was no 
evidence of a remnant tumor. At an outpatient follow-up visit, it was confirmed 
that the patient had improved performance (modified Rankin scale=2), a mini 
mental state examination score of 17/30, and physical location awareness. In 
post-traumatic calcified epidermoid cysts, surgery can be helpful for recovering 
patients’ neurological deficits by decreasing the mass effect. 

KEY WORDS: Epidermal cyst, Cranial fossa, posterior, Craniocerebral trauma, 
Spatial processing, Ataxia
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years ago with deep laceration of occipital area but suffered no 
hemorrhage at the time, and of penetrating trauma in the left eye 
and blindness 15 years ago. 

The patient complained of a lack of time and place orientation 
and memory impairment, especially recent memory. Cortical im-
pairment was confirmed with a modified Rankin scale (mRs) 
score of 3 and Korean mini mental state examination (K-MMSE) 
score of 16/30. He also showed incapacity for calculation and writ-
ing so was subjected to magnetic resonance imaging (MRI) for 
further evaluation. 

On MRI (Fig. 1), an 8 cm multi-lobulated tumor with inner cal-

cification was observed lining the right occipital convexity, around 
the site of the previous accident. It caused parenchymal compres-
sion due to mass effects. The heterogeneous mass with hypo-in-
tensity at T1 and high-intensity at T2 showed direct dura mater in-
vasion and destruction of bone structures. 

The patient visited our outpatient clinic to determine whether 
surgical treatment was required. On computed tomography find-
ings (Fig. 2), both a low-density fluid pattern and some soft tissue 
density were observed with calcification at the border. Perilesional 
swelling was not visible, and contrast not enhanced. 

We speculated that the tumor was an atypical or malignant me-

Fig. 1. Preoperative magnetic resonance imaging (MRI) findings. (A) T1, (B) T2, and (C) enhanced MRI. A large lobulated extra-axial 
tumor was observed in the right occipital convexity, with an isointense to hyperintense signal on T2 and an isointense to hypointense 
signal on T1. Adjacent dural thickening, direct invasion of the bone tissue, and bone destruction were observed. Inner calcification 
and peripheral cerebrospinal fluid cleft findings were visible, and the midline had shifted to the left due to the mass effect.

Fig. 2. Preoperative computed tomography (CT) findings. (A) Axial view, (B) sagittal view, and (C) enhanced CT. (A, B) Note the large 
mass in the right occipital convexity, which was most likely the original bone mass. Fluid density was mainly visible, and soft tissue 
density was partially visible. (C) There were no obvious findings of enhancement.
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ningioma or an epidermoid cyst and planned surgical treatment. 
We used the previous laceration site as an incision site for craniec-
tomy. After the right parieto-occipital craniectomy, destructed 
fragments of bone, muscles and fascia were observed. A mass in 
the form of an encapsulated cyst was observed with signs of inva-
sion in the dura mater and bone. After opening the capsule mem-
brane, the content appeared to be liquefied, and keratin-like sub-
stances were observed. After taking a frozen biopsy, nearly total tu-
mor resection was achieved and a bone cement flap put in place. 

Pathologic examination of the biopsy (Fig. 3) confirmed the 
mass to be an epidermoid cyst. It was lined with stratified squa-
mous epithelium and accumulated epithelial cell fragments and 
keratin were observed. No other skin adnexa were visible. 

The patient was followed-up at an outpatient clinic, and no rem-
nant tumor observed on follow-up MRI at 8-month (Fig. 4). De-
spite the lack of significant differences in overall cortical functions, 
such as memory and cognitive ability, but spatial recognition and 
motor coordination improved after surgery. In addition, the pa-
tient could perform some activities of daily life independently and 
without gait disturbance. Improvement was confirmed on fol-
low-up examination, with an mRs: 2, and a K-MMSE score: 
17/30. 

DISCUSSION 

IECs can occur anywhere in the skull and at any time during life-
time, but usually appear around the 4th decade [4,5]. As the tumor 
gradually proliferates, it compresses the surrounding parenchymal 
and vascular structures, leading to the appearance of symptoms [6]. 

Post-traumatic calcified epidermoid cysts are rarely reported [7]. 
We hypothesized that after head trauma with deep laceration and 
bone contusion some epidermal cells invased in the intracranial 
space and slowly developed into an IEC over a long time. As the 
occipital lobe acts as a center of processing, integration, and inter-
pretation of visual stimuli [8], these functions can deteriorate due 
to the mass effect of the tumor compressing this area found in our 
case. As reported here, surgical treatment can be helpful for im-
proving the neurological deficits by decreasing the mass effect [9]. 
Complete resection, which sometimes includes dura mater remov-
al and repair, is important to prevent progression and bone ero-
sion, and to reduce the risk of infection and aseptic meningitis 
[10]. However, if the capsule strongly adheres to the surrounding 

Fig. 4. Follow-up magnetic resonance imaging (MRI) findings. (A) T1, (B) T2, and (C) enhanced MRI. No definite evidence of a rem-
nant tumor was noted. A small amount of extra-axial fluid collection and epidural fluid collection was observed at the tumor resection 
site, and the mass effect had resolved compared to the previous MRI.

Fig. 3. Biopsy findings. The margin was lined with stratified 
squamous epithelium, along with visible epithelial cell and kera-
tin debris. No other skin adnexa was observed (H&E, ×100).

A B C



https://doi.org/10.52662/jksfn.2021.00060 113 

Post-traumatic epidermoid cyst in the posterior fossa

neurovascular structure, it is better to avoid complete removal and 
perform a conservative surgery instead [11]. 

CONCLUSION 

The results of this case suggest that resection of an epidermoid 
cyst with parenchymal compression would help improve cortical 
function. However, it is only a result of one case, and it is difficult 
to derive statistically significant results, so it is thought that re-
search through many cases is necessary. 
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INTRODUCTION 

Primary central nervous system lymphoma (PCNSL) is an uncommon type of 
extranodal non-Hodgkin’s lymphoma, which involves the brain, leptomeninges, 
eyes, or spinal cord without evidence of systemic disease [1]. It accounts for 1.5% 
of non-Hodgkin’s lymphomas, and lymphoma of the brain stem and spinal cord is 
extremely rare, accounting for 1–3% of PCNSLs [2-4]. The very low incidence of 
this tumor and its diverse imaging presentation makes its diagnosis difficult. 

Here, we report a case of primary lymphoma occurring from the medulla oblon-
gata to the cervical spinal cord, which was considered inflammation before the 
pathologic report was revealed. 

CASE REPORT 

A 56-year-old male, with no medical history, presented with disequilibrium and 
sensory changes in the arm and leg, which was more severe in the left hemibody, 1 
month previously. He had felt left-sided weakness 10 days prior to his visit to our 
hospital. On physical examination, sensations of touch on the left side were dimin-
ished and motor weakness was grade 4+. The deep tendon reflex of the left leg was 
hyperactive and the other limbs were normoactive. He tested positive for the Rom-
berg test. Magnetic resonance imaging (MRI) of the cervical spine at the time 
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Case Report
Primary central nervous system lymphoma is an uncommon type of extranodal 
non-Hodgkin’s lymphoma, and lymphoma in the brain stem and spinal cord is rare. 
We report a case of primary lymphoma that developed from the medulla oblongata 
to the cervical spinal cord, which was considered inflammation or glioma before the 
pathologic report enabled the correct diagnosis. A 56-year-old male presented with 
decreased light touch sensation on the left hemibody and disequilibrium that had 
lasted for a month. On imaging, a T2-hyperintense lesion mimicking a glioma was 
found extending from the medulla oblongata to the spinal cord at C2. Open biopsy 
at the posterior column of the C1 area was performed and histopathology indicated 
a diffuse large B-cell lymphoma. After a complete staging evaluation, chemotherapy 
was administered. Equivocal lesions on imaging should be diagnosed pathologically 
to provide sufficient information for proper management.

KEY WORDS: Brain neoplasms, Non-Hodgkin lymphoma, Spinal cord neoplasms, 
Medulla oblongata lymphoma
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showed a diffuse T2/fluid attenuated inversion recovery hyperin-
tense infiltrative lesion in the medulla oblongata to C2 spinal cord 
with multifocal patchy enhancement in the periphery of the lesion, 
and mild diffusion restriction in the anterior aspect of the medulla 
(Fig. 1). The initial suspicion was a tumorous condition including 
high-grade glioma and diffuse midline glioma or demyelinating 
disease. Laboratory tests including infection markers and peripher-
al blood cell counts were within the normal range. A serologic test 
for human immunodeficiency virus was negative. A cerebrospinal 
fluid (CSF) exam showed white blood cell count 5/μL, red blood 
cell count 5/μL, protein 76 mg/dL, glucose 75 mg/dL, and lactate 
dehydrogenase 17 IU/L, which had a non-specific pattern. CSF 
culture revealed no growth of tuberculosis, bacteria, or virus, and 
there were no malignant cells in the cytology of CSF. The patient 
underwent open biopsy of the lesion under general anesthesia. 
The spinal cord was swollen from the central region to the left, so 
the posterior median sulcus was not clear. There were black, dif-
fuse, and minute pigmentations on the pial membrane similar to 
finely-spread pepper. Small pieces of the spinal cord were obtained 
on the left side of the C1 area, which was enhanced in the MRI 
and thought to correspond to the posterior column. 

In the biopsy report, hematoxylin and eosin staining showed the 
diffuse proliferation of round cells with a hyperchromatic nucleus 

that was larger than that of a normal histiocyte nucleus. Immuno-
histochemistry was positive for cluster differentiation (CD) 20, 
CD79a, B-cell lymphoma 2, and CD10, and 40% of tumor cells 
were Ki-67 positive. The confirmatory result of the biopsy was dif-
fuse large B-cell lymphoma (Fig. 2). The patient had an enhanced 
computerized tomography scan of the chest, abdomen and pelvis, 
and a positron emission tomography scan to assess the presence of 
a lymphoid tumor. There was no malignancy in other organs, 
which confirmed primary intramedullary lymphoma in the brain-
stem to high cervical spinal cord. He was started on chemotherapy. 
Five 14-day cycles of induction chemotherapy with rituximab, 
methotrexate, procarbazine, and vincristine were given as follows: 
day 1, rituximab 500 mg/m2; day 2, methotrexate 3.5 mg/m2 (over 
2 hours), vincristine 1.4 mg/m2; day 1–7, procarbazine 100 mg/
m2/d (odd cycles only). After the 2nd cycle, there was a partial re-
sponse on c-spine MRI (Fig. 3). He received a 3rd cycle of chemo-
therapy, and is going to receive reduced-dose whole brain radio-
therapy. After radiotherapy, he is going to receive two consolida-
tion high-dose cytarabine cycles (one cycle = 28 days). Currently, 
he is alive 20 months after his neurologic symptoms presented. 

Ethical statements 
Informed consent was waived by the Board. 

Fig. 1. Initial brainstem and cervical spinal cord magnetic resonance imaging. (A) A diffuse infiltrative lesion from the medulla oblon-
gata to the C2 spinal cord with high signal intensity on a T2-weighted image. (B) Multifocal patchy enhancement in the periphery of 
the lesion on a T1-weighted enhanced image.
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DISCUSSION 

We reviewed recent case reports of PCNSL in the brain stem 
(Table 1) [5-9] and spinal cord (Table 2) [10-28]. For brain stem 
lesions, patients developed diplopia and dysarthria suggesting cra-

nial nerve dysfunction as well as hemibody weakness. Symptom 
progression tended to be fast from 2 weeks to 2 months. 

For spinal cord PCNSL (Table 2), various ages, sex, and loca-
tions were noted. Locations of PCNSL were evenly distributed 
throughout all levels of the spinal cord from the cervical spine to 

Fig. 2. Pathology. (A) Immunohistochemistry shows positive CD20 staining suggesting B-cell lymphoma (×200). (B) Hematoxylin 
and eosin (H&E) staining shows the diffuse proliferation of round cells with hyperchromatic nuclei that are larger than the nuclei of 
normal histiocytes (×400).

Fig. 3. Follow-up magnetic resonance imaging after the second cycle of chemotherapy. (A) The hyperintense lesion had changed to 
an isointense lesion on a T2-weighted image. (B) Decreased extent of the known lymphoma on a T1-weighted enhanced image.

A B

A B
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the cauda equina (9 cases of cervical spine, 8 cases of thoracic 
spine, and 6 cases of lumbar spine and cauda equina). The patients 
developed various myelopathy symptoms depending on the loca-
tion of the lesions. 

In an immunocompetent patient, lymphoma is classically de-
scribed as a solitary mass with intense homogeneous enhancement. 
MRI typically reveals low signal intensity on T1-weighted images 
and an isointense or hypointense signal on T2-weighted images 
[29]. However, in an immunocompromised patient, the proportion 
of rim enhancement or hyperintense signal on T2-weighted images 
is higher than that of an immunocompetent patient [29-31], and 
lymphomas tend to present as multiple lesions. In the literature, 
most cases showed typical radiological findings, but there were 
quite a few different images. For example, no enhancement, inho-
mogeneous enhancement, and leptomeningeal enhancement were 
presented and inhomogeneous signal intensity in T2-weighted im-
age, or syringomyelia [18] was reported. Because of these various 
radiologic findings of brain stem or spinal cord lymphoma and its 
rarity, misdiagnosis at the initial state is common. 

The lesion in our case showed scattered enhancement, diffuse 
swelling, and enlargement in the lower brain stem and cervical spi-
nal cord. Because the patient had no evidence of human immuno-
deficiency virus or other immune deficiency, the heterogenous en-
hancement was thought not related to lymphoma. In addition, the 
incidence of intramedullary spinal cord lymphoma is very rare and 
he did not present with ‘B-symptoms’ such as sweating, fever, and 
weight loss; therefore, the first differential diagnosis included glio-
ma rather than lymphoma. When we reviewed several articles of 
PCNSL, various imaging patterns emerged indicating radiology 
findings are not typical or specific for differential diagnosis from 
other central nervous system diseases. 

It is important to confirm the diagnosis histologically. In many 
cases, steroids were used to relieve symptoms without biopsy. Pa-
tients using steroids presented with symptom relief initially but de-
teriorated again for a few days or weeks [6,7,10,15,24]. This can 
induce disease progression and delay the diagnosis and proper 
treatment. There have been three reported cases of initial misdiag-
nosis including ependymoma, tuberculosis, and demyelinating 
disease [10,13,18]. Lymphocytic pleocytosis in a CSF exam is 
likely to lead many physicians to consider tuberculosis, and high 
protein levels in the CSF suggest a demyelinating disease. Malig-
nant cells were only found in 2 cases of the reports we reviewed. In 
all cases, diagnoses were obtained through biopsy or CSF cytology. 
In many cases, CSF examination showed inconclusive results, sug-
gesting that the specificity of CSF cytology is low and therefore is 
of low diagnostic value. Therefore, unless a biopsy is performed 
and pathologic results are checked, the specific diagnosis for 

PCNSL is difficult. Early biopsy should be considered for brain 
stem or spinal cord lesions that might be primary cancer. 

The optimal treatment for PCNSL has not been established. 
High-dose methotrexate (HD-MTX) and rituximab is used as ba-
sic regimen for induction therapy. Combined chemical treatment 
with vincristine, procabazine, temozolomide, or cytarabine could 
be added. Reduced-dose whole brain radiation (WBRT) for mini-
mizing neurologic side effects could be added [32]. For consolida-
tion, radiation and conventional chemotherapy (cytarabine, 
etoposide) is used. High dose chemotherapy and autologous stem 
cell transplantation can be considered for the patients who are 
younger and have no organ failure [32-34]. 

The median survival of untreated patients with PCNSL is 3 
months, and the patient who treated with methotrexate-based che-
motherapy and WBRT have a median survival of 36 months to 60 
months [33,35]. Prognosis of patients with primary refractory or 
recurrent PCNSL is poorer with median survival of 2 months 
without additional treatment. There is no consensus about the op-
timal treatment of recurrent PCNSL, however WBRT and HD-
MTX rechallenge seems to be effective in small studies [32]. The 
patients who were treated with MTX rechallenge had median 
overall survival of 41 to 62 months, and the patients with WBRT 
had median overall survival of 10 to 16 months [32,36,37]. There 
is a large difference in prognosis between untreated and treated 
PCNSL patients, and this is another reason why early diagnosis 
through biopsy is important. 

CONCLUSION 

For lesions that might be primary cancer, early biopsy can help 
achieve a correct diagnosis, avoiding progression of the disease, 
and improving its prognosis. 
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INTRODUCTION 

Meningioma is the most common primary central nervous system tumor, ac-
counting for 37.6% of cases [1]. With the advent of neuroimaging techniques, the 
prevalence of meningioma is increasing in patients with non-specific neurologic 
symptoms. More than 80% of meningioma cases are histologically benign World 
Health Organization grade I tumors that have an indolent natural course. Asymp-
tomatic and small ( < 2 cm) meningiomas are managed with observation and ac-
tive surveillance [2]. During serial clinical follow-up, most meningiomas become 
larger with time, and nearly one-third of patients eventually require surgical resec-
tion or stereotactic radiosurgery [3]. 

The treatment options for intracranial meningioma include surgical resection, 
stereotactic radiosurgery, and watchful observation; the choice is made consider-
ing the patient’s medical history and symptoms, the tumor’s location, and the risk/ 
benefit ratio. In recent studies, primary Gamma Knife radiosurgery (GKS) has 
shown long-lasting tumor control outcomes compared with Simpson grade I sur-
gical resection for meningiomas < 3.5 cm [4,5]. However, with single-fraction ste-
reotactic radiosurgery, a large tumor volume is associated with poorer local control 
and a higher radiation-related complication rate [6]. The most appropriate patient 
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Case Report

Meningioma is the most common asymptomatic lesion detected on brain mag-
netic resonance imaging, and it is usually benign. Because of its generally indolent 
clinical nature, watchful observation is the preferred primary treatment option in 
the majority of cases. However, in rare cases, meningioma progresses with expo-
nential growth exceeding the usual expectations, resulting in a very difficult situa-
tion for clinical management. Herein, we report a case of small asymptomatic me-
ningioma diagnosed incidentally during the treatment of hemorrhagic stroke. It 
was left without treatment or regular follow-up and became a huge mass over 7 
years. It was then treated with fractionated Gamma Knife radiosurgery and 
showed significant volume reduction. This case demonstrates the efficacy of frac-
tionated radiosurgery for large meningiomas and simultaneously emphasizes the 
importance of regular imaging follow-up or proactive treatment upon the initial 
diagnosis of asymptomatic meningioma, so that we may not miss the optimal 
timing for treatment. 

KEY WORDS: Meningioma, Radiosurgery
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growth (plateau phase) [8]. The meningioma growth pattern 
changes according to volume expansion. In our case, during an 
83-month period, the asymptomatic meningioma grew from 1.1 
to 53.6 cm3. The tumor growth rate during the initial 16-month 
follow-up period was 1.1 cm3/year (lag phase). During the period 
when the patient was lost to follow-up, the tumor growth rate was 
9.2 cm3/year (exponential growth phase). The tumor growth rate 
in the last 9 months before GKS was 3.2 cm3/year (plateau phase) 
(Fig. 2). As many asymptomatic meningiomas pass the inflection 
point and display a self-limiting growth pattern, the overall consen-
sus is that observation with serial imaging follow-up is safe [9]. 
Several studies have revealed that the appearance of calcification 
and radiocarbon retrospective birth dating analysis help to predict 

selection, target volume, radiation dose, and fractionation schedule 
have not yet been studied in prospective trials [7]. 

In this report, we describe a case of a rapidly growing, very large 
meningioma that showed a radiologic response after GKS.  

CASE REPORT 

A 58-year-old woman was incidentally diagnosed with a small 
meningioma located in the left anterior clinoid process (1.1 ×  
1.1 × 1.1 cm3; Fig. 1A) during treatment for hypertensive intrace-
rebral hemorrhage, which caused permanent left-side hemiplegia. 
The meningioma was not treated owing to her poor general condi-
tion and slow tumor growth for the first 16 months on radiologic 
follow-up (2.0 × 1.8 × 2.0 cm3; Fig. 1B). The tumor grew rapidly 
during a 67-month period after the last follow-up (4.7 × 4.7 × 5.0 
cm3; Fig. 1C); however, the patient complained of no tumor-relat-
ed symptoms. 

Considering the patient’s impaired self-awareness and depen-
dency on activities of daily living, as well as the risk of surgical in-
tervention and the patient’s and caregivers’ preferences, she under-
went fractionated GKS (5 Gy at the 50% isodose line, 4 fractions, 
prescription isodose volume of 58.6 cm3) with no treatment-relat-
ed adverse events. The tumor size had decreased at 3 years after ra-
diosurgery, with no radiation-induced changes in adjacent brain 
tissue (4.2 × 4.2 × 4.5 cm3; Fig. 1C). She complained of neither tu-
mor-related symptoms nor treatment-related complications. 

DISCUSSION 

Meningioma is expected to grow in three phases: pre-exponen-
tial growth (lag phase), exponential growth, and post-exponential 

Fig. 1. Contrast-enhanced axial T1 magnetic resonance imaging (MRI) (A) shows a small meningioma in the left anterior clinoid pro-
cess. With serial follow-up, MRI scans (B) showed tumor progression. The patient underwent fractionated Gamma Knife radiosurgery 
(GKS) for the lesion in 4 sessions. During follow-up after GKS, MRI scans (C) showed that tumor regression was achieved. No new 
symptoms developed during the follow-up period.

Fig. 2. Volumetric changes over time during observation and 
after Gamma Knife radiosurgery (GKS). The tumor growth rate 
during the initial 16-month follow-up period was 1.1 cm3/year. 
During the period when the patient was lost to follow-up, the tu-
mor growth rate was 9.2 cm3/year. The tumor growth rate in the 
last 9 months before GKS was 3.2 cm3/year.
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the growth pattern and guide clinical decisions [8,10]. 
In a retrospective study investigating the volumetric growth rate 

of meningioma, the growth rates of grade I and II meningiomas 
were 0.07–3.26 cm3/year and 3.61–13.29 cm3/year, respectively. A 
volumetric growth rate of 3.05 cm3/year was suggested as a thresh-
old for grade II meningioma [11]. Another large-cohort retrospec-
tive study on the natural history of meningioma that used volumet-
ric assessments suggested a cutoff point of 2 cm3/year as a standard 
for rapid growth and designed a scoring system, the Asan Intracra-
nial Meningioma Scoring System (AIMSS), for rapid meningioma 
growth based on a patient’s individual factors [12]. According to 
AIMSS, our case would receive an intermediate-risk score of 4, 
which is expected to show a 10–50% risk of rapid tumor growth 
( ≥ 2 cm3/year). However, in our case, during a total of 7.8 years of 
follow-up, the tumor volume increased by about 53.6 cm3, corre-
sponding to a growth rate of 6.87 cm3/year, and eventually re-
quired an intervention. Therefore, regardless of the rapid tumor 
growth risk at the time of initial diagnosis, if treatment is not per-
formed immediately, regular follow-up is the only alternative. 

Observation is an appropriate choice for asymptomatic small 
meningiomas (less than 2.5 cm in size) [13]. Annual or biennial 
follow-up with serial imaging is recommended [9]. During the fol-
low-up period, the risk of accelerated growth and progression with 
a tendency for malignancy and parenchymal invasion should be 
considered. 

GKS has proven to be a viable option for achieving tumor con-
trol in the management of meningioma and also has become a 
first-line treatment for some meningiomas, especially skull base le-
sions involving the petroclival region, the cavernous sinus, or cra-
nial nerves [14]. As GKS delivers localized irradiation, a lower vol-
ume of the surrounding normal tissue is exposed to radiation, re-
sulting in reduced normal brain toxicity. GKS for meningioma has 
traditionally been performed in a single session; however, reports 
of hypofractionated GKS are emerging [15,16]. Fractionated GKS 
provides an improved balance of tumor control and adjacent nor-
mal brain toxicity. Unlike several studies reporting poor outcomes 
of single fraction radiosurgery for large meningiomas [6,17], we 
could achieve a satisfactory result using fractionated GKS for this 
large, rapidly growing meningioma located near critical neurovas-
cular structures. 

CONCLUSION 

This case demonstrates the efficacy of fractionated radiosurgery 
for large meningiomas and underscores the importance of regular 
imaging follow-up or proactive treatment upon the initial diagnosis 
of asymptomatic meningioma in order to avoid missing the opti-

mal timing of treatment. 
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How to use neuronavigation for 
the brain 
Sanghoon Kim, MD, Ki Hong Kim, MD 

Department of Neurosurgery, Daegu Catholic University School of Medicine, Daegu, 
Korea 

INTRODUCTION 

Navigation refers to a device that indicates the location of an individual and the 
direction where the individual wants to go. Neuronavigation is the application of 
navigation to neurosurgery, as information on the location of the lesion and the di-
rection to safely approach the lesion is necessary to improve the surgical outcome. 
Neuronavigation systems have continued to advance in accuracy and convenience 
and are now standardized and essential. Neuronavigation provides information on 
the precise localization and delineation of lesions during surgery using registered 
images. Such devices are most useful in brain tumor surgery and used in almost all 
neurosurgical operations. However, since preoperative images are used, neuronavi-
gation does not consider real-time information, and errors may occur during or af-
ter the registration step [1,2]. Moreover, if surgeons rely too much on neuronavi-
gation and lack understanding of the system’s principles and errors, surgery may 
become more difficult. There are two systems of neuronavigation: frame-based 
system and frameless system. We describe the principles, methods of use, pitfalls, 
and errors of the widely used frameless neuronavigation system. 

CASE REPORT 

System (frame-based and frameless system) 
The Leksell frame, which is one of the frame-based systems and is commonly 

used in neurosurgery, was first introduced in 1949. As frame-based systems have 
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Technical Report Neuronavigation is a guidance system that identifies lesions and plans the trajec-
tory to the lesion to improve surgical outcomes. Frame-based systems, which in-
volve head fixation by means of framing before imaging, are highly accurate. 
However, due to some limitations of frame-based systems, frameless systems that 
do not require frame fixation of the head have become popular and are widely 
used. Frameless systems require a registration step to establish the spatial relation-
ship between the patient’s head and the image. Multiple types of registration 
methods and device tracking systems have been developed. Frameless systems 
are technically advanced and have demonstrated reliable accuracy, but these sys-
tems still have many occurrences of error and inherent limitations. Therefore, it is 
important to understand the principles and pitfalls of frameless systems to use 
them effectively and safely during surgical operations. 

KEY WORDS: Neuronavigation, Stereotaxic techniques, Brain, Surgery
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high accuracy due to the introduction of computed tomography 
(CT) and magnetic resonance imaging (MRI), they are mainly 
used for tumor biopsy and functional neurosurgery, such as proce-
dures for pain, movement disorders, and epilepsy. In frame-based 
systems, generally, the frame is fixed on the patient’s skull before 
imaging, and the target and trajectory to the target are calculated 
using the marker shown in the images. A semicircular arc is mount-
ed onto the fixed frame during surgery. However, frame-based sys-
tems have several disadvantages, such as patient discomfort during 
frame fixation and limited visualization of the surgical field. 

A frameless neuronavigation system was developed to compen-
sate for the disadvantages of frame-based systems and introduced 
first in 1986 [3]. These two systems are similar in that they use 
preoperative images, but frame-based systems analyze the image 
after the head has been framed. Markers for calculating the trajec-
tory to the lesion already appear on the image, and lesions are rec-
ognized and operated through this frame only. However, frameless 
systems take images without the head being fixated in a frame, so a 
registration step is required to connect the preoperative images to 
the actual shape of the patient’s head through the fiducials. Frame-
less systems are widely used and popular because of their good ac-
curacy and ease of use in neurosurgery. And they can also be used 
for operations requiring high accuracy, such as brain biopsy and 
deep brain stimulation. So, they are usually used for tumor biopsy 
and functional neurosurgery. We regularly use the StealthStationTM 

S8 frameless system (Medtronic Navigation Inc., Louisville, CO, 
USA) during brain surgery and describe it herein. 

Frameless system components 
- Optical system (camera, reference frame, tracker, and pointer) 

(Fig. 1) 
- Electromagnetic system (generator, patient tracker, and stylet) 

(Fig. 2) 

How to use 

Images and data transfer 
Images for neuronavigation are usually collected through CT 

and MRI. These images must contain fiducials for registration and 
have enough accurate axial images with a slice spacing and thick-
ness of 1.0 mm. Possible magnetic resonance sequence images in-
clude those captured by means of functional MRI, diffusion tensor 
imaging, and magnetic resonance spectroscopy. Positron emission 
tomography images also can be used [4]. These images can also be 
fused onto a reference image to better provide surgical information 
intraoperatively. These image data are digitalized through the navi-
gation system. 

Fiducials 
Before scanning preoperative image, the surgeon decides which 

Fig. 1. Optical system. The patient’s head is fixed with a head clamp and the reference frame (white arrow) is mounted to the head 
clamp. Trackers (black arrow) are attached to the reference frame and pointer (white arrowhead). Camera (black arrowhead). The 
informed consent from the patient was obtained.
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fiducials to use for registration. There are two types of fiducials 
with respect to registration. The first is the surface marker used for 
point-pair registration. There are bone fiducials, anatomical land-
marks, and adhesive markers. Bone fiducials are bone screws that 
are screwed into patient’s skull following scalp incision. They con-
fer high accuracy but require an additional scalp incision for their 
placement. The method of registration through anatomical land-
marks uses prominent anatomical points, such as the canthus, tra-
gus, and bridge of the nose. But it is relatively less accurate because 
of the difficulty in precisely matching each point [5]. The other 
method involves attaching adhesive markers onto the patient’s 
scalp. It is commonly performed, has reliable accuracy, and is easy 
to use. However, movement and detachment of the markers cause 
errors during registration. As different types of adhesive markers 
are used between CT and MRI, correct markers should be selected 
carefully. If there are at least four makers adhered to the head, reg-
istration can be performed. However, more than 10 markers are 
recommended because more markers result in higher accuracy and 
some markers may not be available accidentally. Markers should 
be widely spaced and distributed evenly on a relatively immovable 
scalp (Fig. 3). The occipital scalp is more movable than the frontal 
scalp, so it is not a good location for marker placement because of 
the possibility for error.  

Surface contour is also used for registration. Instead of matching 
corresponding points from surface markers to the preoperative im-
age, the surface contour method involves scanning the curved sur-
face of the face or head and matching the scanned surface to the 
preoperative images through multiple random points of the 
scanned surface [6]. The accuracy of this method is not universal, 

but this method is easy to use and fast to register [7,8]. 

Registration 
Registration is an essential step in the frameless system. Unlike 

frame-based systems, frameless systems indirectly recognize the 
patient’s head and lesions through a tracker on the reference frame 
after imaging. So a spatial relationship between reference frame 
and the patient’s actual head must be established. This step is 
called ‘registration’ and is usually executed using the aforemen-
tioned fiducials. 

There are two methods of registration: point-pair registration 
using surface markers and surface contour registration. During 

Fig. 2. Electromagnetic system. The patient tracker (white arrow) is attached to the patient’s forehead. The magnetic field generator 
(black arrow) is located sufficiently close to the patient tracker. The pointer (stylet) (white arrowhead) is flexible and thin, so it can be 
inserted into a catheter. The informed consent from the patient was obtained.

Fig. 3. Adhesive markers are placed on the patient’s scalp. The 
informed consent from the patient was obtained.
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point-pair registration using adhesive markers, surgeons manually 
match the markers in the preoperative images and the correspond-
ing adhesive marker on the patient’s head one by one. They must 
be careful not to move and detach the marker, especially during 
image scanning, the patient moving into the operating room, head 
positioning, and induction of general anesthesia. If the border or 
center of the markers is drawn by pen on the scalp immediately af-
ter their attachment, moved markers can be easily identified and 
excluded from the registration step. During head fixation, markers 
can also move as the scalp is pushed out by head clamping. 

Surface contour registration involves drawing along the curved 
surface of the patient’s face and head with a pointer or laser beam. 
The system performs the registration step by matching the drawn 
curved surface to the surface of the head in preoperative images. 
Including a nose with a prominent curve of the face, a wide head 
surface area should be used to reduce error (Fig. 4). Areas of mov-
able occipital and compressed temporal scalp that occur during 
image scanning should not be included for registration. 

After registration, the head clamp and reference frame mounted 
on the patient’s head should not be moved because spatial relation-
ships would have already been established between the patient’s 
head and the reference frame. Minimizing errors in the registration 
step is the most effective way to increase the quality of the frame-
less system. As navigation systems calculate the distance between 

corresponding points and display the root mean square error auto-
matically, the extent of error could be checked after registration. 
About 2 mm of error is generally acceptable. Identifying the ana-
tomical landmarks or surfaces between patient head and preopera-
tive image is one of the manual methods of verifying accuracy. 

Device tracking and pointing 
Points of interest and trajectories are displayed on the monitor 

using the pointer. Optical and electromagnetic systems are com-
monly used tracking methods. In optical systems, the camera emits 
infrared light to the trackers and recognizes them by reflected light. 
The pointer is recognized by the system through its mounted track-
ers and the reference frame. Trackers can be attached to surgical in-
struments and microscopes, so they can be used as a pointer. This 
tracking method provides good accuracy, but a free line of sight be-
tween the camera and the trackers is needed to keep. If infrared light 
is blocked by an obstacle and is not reflected by foreign objects on 
the tracker, such as blood and water, the system does not work. 

Electromagnetic systems are based on a generation of magnetic 
field and the presence of electromagnetic coils in tracking device 
[9]. The camera and reference frame in optical systems have a sim-
ilar role to the magnetic field generator and patient tracker. Be-
cause this system uses electromagnetic fields, it is not necessary to 
maintain a free line of sight between the magnetic field generator 

Fig. 4. Surface contour registration is completed, as shown by a drawing along the curved surface of the patient’s face and head, in-
cluding the nose.
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and patient tracker. Unlike using the patient’s head and a fixed ref-
erence frame in the optical method, head fixation is not required 
because the patient tracker is attached on the patient’s head and is 
used instead of a reference frame. As head fixation is not required, 
this system allows the head to move freely during surgery. The 
pointer (or stylet) of the electromagnetic system is different than 
that of the optical system. In optical systems, the pointer is recog-
nized indirectly by a tracker mounted on the opposite side of the 
pointer tip. However, the pointer in electromagnetic systems is 
flexible and thin, and recognized directly by the tip of the pointer 
inserted coil, so it is suitable for catheter insertion because the 
pointer can be inserted into a catheter. Electromagnetic systems 
also have some disadvantages. Their accuracy is decreased when 
the patient tracker moves and detaches. So, patient tracker should 
be attached at the malar eminence or a relatively immovable area 
of the scalp and not be moved during head rotation. Large magnet-
ic field generator should also be close enough to the tracker and 
pointer because the magnetic field is not wide enough, so the sur-
geon may feel uncomfortable due to generator during surgery. And 
magnetic substances, including surgical instruments and head 
clamps, should be kept away from the field of surgery because of 
the interference caused by ferromagnetic materials [10]. 

Monitor display 
The position and trajectory indicated by the pointer tip are visi-

ble on the image within the monitor. Basically, it is possible to see 
coronal, axial, sagittal, and other planes, such as inline view (along 
the axis of the pointer) and probe view (perpendicular to the 
probe axis). The probe view is useful for tumor biopsy and cathe-
ter insertion into a lesion. Once the position of interest is specified, 
the trajectory to that point can be previewed and constructed. The 
lesion can then be easily and safely accessed while following the 
trajectory represented by the pointer on the monitor. 

Errors and limitations 
The most important factor in the use of neuronavigation sys-

tems depends on the accuracy of representing the patient’s field in 
the preoperative image; it is important to reduce errors in this pro-
cess as much as possible. This is due to the fact that neuronaviga-
tion systems rely on preoperative images, and this is the most fun-
damental limitation of such systems. 

Some reports have classified and analyzed navigation errors 
[1,2,11]. Errors can occur during imaging, registration, and opera-
tion. Improper image data, such as low resolution, inaccuracy, and 
magnetic resonance distortion, can be cause of error. Prompt 
movement or tremor in the patient’s head during imaging, wrong 
marker use, and failure to remove a face mask or hat from the pa-

tient’s head are other sources of error. Due to these possible sourc-
es of error, the registered image must be checked before induction 
of general anesthesia. 

In the registration step, error is related to the fiducials. Regarding 
the use of adhesive markers, unspaced distribution, low number, 
movement of the markers, and inaccurate matching of markers can 
cause errors. When using surface contour, errors can occur due to 
the difference between the scanned facial surface and the preoper-
ative image, and the location and density of the face curve draw-
ings can affect error. 

During operation, the reference frame (or patient tracker in elec-
tromagnetic systems) and head can move due to loosing of fixation 
or carelessness of the surgeon. Because small movement can cause 
huge error resulting in loss of trust in the navigation system, the 
surgeon should be very cautious about this. Tight fixation of the 
head and reference frame is needed, and it is preferable that the 
reference frame is fixed away from the surgeon to avoid collision 
by the surgeon during surgery. 

Brain shift occurs after the dura is opened and cerebrospinal flu-
id leaks and its effects are greater due to local tissue deformation 
when the lesion is removed and the ventricle is opened. Brain shift 
can be minimized by vertical surgical trajectory, tumor resection in 
en bloc fashion, and marking the margin of the lesion. Other meth-
ods to mitigate brain shift use image update during surgery by in-
traoperative CT, MRI, and ultrasonography.  

DISCUSSION

Frame-based vs. frameless systems 
The accuracy of frame-based systems is very high. So, they are 

usually used for tumor biopsy and functional neurosurgery. With 
technical advances, tumor biopsy is widely performed using frame-
less system, and many studies reported no difference in accuracy of 
diagnostic tumor biopsy [12,13]. And also, no difference in compli-
cation rate, operation time and anesthesia time was reported [14,15]. 
As frame-based systems are limited by spatial restriction and incon-
venience for wide opening operations, frameless systems with ac-
ceptable accuracy are more desirable for the same operations. 

Adhesive marker vs. surface contour 
It is generally known that registration using adhesive markers is 

more accurate than registration using surface contour [16]. How-
ever, the registration accuracy using adhesive markers is influenced 
by the stability of the marker, and the markers are not cost effective 
because these are disposable. There are many reports that the ac-
curacy of surface contour registration has increased due to techno-
logical advances and is comparable to registration using adhesive 
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markers [8,17-19]. Also, in case of surgery without hair shaving, the 
area to attach the marker is limited. In such instances, surface con-
tour registration is preferable. In prone-positioned operation, both 
methods are not easy to register without errors. If many markers 
could be attached widely to the patient’s head, adhesive marker is 
desirable for registration. With respect to registration using surface 
contour, it can be a little difficult to draw the face of the patient, but 
it is possible to use this method for same prone-positioned opera-
tion with reliable accuracy. 

Optical vs. electromagnetic systems 
Optical systems using infrared camera cannot be used when in-

frared rays are obscured by surgical instruments, surgical drapes, or 
microscopes. Head fixation is also needed to hold the reference 
frame and head. On the other hand, the biggest advantage of elec-
tromagnetic systems is the use of magnetic fields, which eliminate 
the need to maintain a free line of sight during device tracking. 
Also, since the tracker is attached to the skin instead of the refer-
ence frame, head fixation is not required, so it is useful for surgery 
that does not require head fixation and requires changes in head 
position. And electromagnetic systems have comparable accuracy 
to optical systems [9,20]. So, we usually use this system for intrace-
rebral hematoma aspiration, abscess aspiration, operation of trau-
matic hemorrhage, ventriculo-peritoneal shunt, and pediatric brain 
surgery. However, the possibility of tracker movement during op-
eration and magnetic interference is the notable disadvantage of 
electromagnetic systems. 

CONCLUSION 

Neuronavigation provides accurate information and conve-
nience in neurosurgical operation. However, the system is still im-
perfect due to the possibility of error and inherent limitations. It is 
necessary to properly understand such systems to use them effec-
tively and safely. 
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cisely written (fewer than 250 words).

4) The review process is strictly confidential. All submitted papers 
are peer-reviewed by more than two accredited experts in the 
corresponsive field. The Editor-in-Chief will make a decision on 
the approval for publication of the submitted manuscripts based 
on results of reviewing process and can request any further cor-
rections, revisions, and deletions to the article text if necessary. A 
decision on acceptance or rejection for publication is sent to the 
corresponding author. When the final version of an accepted 
manuscript is prepared according to the requirements of the 
journal, the publication date is determined. Rejected manuscripts 
will not be reconsidered for publication.

5) The price for all work requiring review, publishing, and re-print-
ing of the paper will be determined by the editorial board.

6) When the article was written in English will receive English edi-
torial comments from the journal upon acceptance of their pa-
per. When the English correction is completed based on the 
comments, the accepted manuscript should be supplied as a file 
(Microsoft Word) via e-mail . The file should include the name 
of first author, manuscript ID number, and title of manuscript.

Questions regarding manuscript submission may be sent to Edi-
tor-in-Chief.
Tel: +82-2-6299-1610, Fax: +82-2-821-8409
E-mail: cuttage@cau.ac.kr
Address: Chung-Ang University Hospital, 102 Heukseok-ro, 
Dongjak-gu, Seoul 06973, Korea

Manuscript Preparation

1) Title Page
The title page should be composed of external and internal title 
pages.

a) The external title page should contain the article title, and full 
names of all authors with their institutional affiliations in En-
glish and Korean. The type of manuscript (clinical article, case 
report, technical report, brief report, letter to editor) should be 
also addressed. In the clinical articles, a total number of authors 
should be no more than six. When the work includes multiple 
authors with different affiliations, the institution where the re-



search was mainly conducted should be spelled out first, then 
be followed by foot notes in superscript Arabic numerals beside 
the authors’ names to describe their affiliation in a consecutive 
order of the numbers. Then, mark the running head as not to 
exceed 65 characters in English. The external title page should 
also contain the address, telephone and facsimile numbers, 
E-mail address, and ORCID (Open Researcher and Contribu-
tor ID) of the corresponding author at the bottom of the page, 
as well as information on the previous presentation of the man-
uscript in conferences and funding resources, if necessary.

b) The internal title page should only contain the article title in 
English. The internal title page must not contain any informa-
tion on the names and affiliations of the authors.

2) Manuscript Format
The article should be organized in the order of title, abstract (Ob-
jective, Methods, Results, and Conclusion sections should be in-
cluded in clinical article, but are not necessary in other types of 
studies), introduction, materials and methods, results, discussion, 
conclusion, references (no more than 50), tables, and figures or il-
lustrations. In case reports, materials and methods and results sec-
tion have to replaced with cases.

3) Abstract
All manuscripts must contain an abstract except letter to the editor. 
A list of keywords, with a maximum of six items, should be includ-
ed at the end of the abstract. The selection of keywords should be 
based on Medical Subject Heading (MeSH) of Index Medicus and 
the website (http://www.nlm.nih.gov/mesh/MBrowser.html). The 
abstract should include brief descriptions on the objective, meth-
ods, results, and conclusion as well as a detailed description of the 
data. An abstract containing 250 words or less is required for clini-
cal articles and 200 words for case reports, technical reports, and 
brief reports. Abstracts for clinical article should begin with the 
statement of the paper’s purpose and end with conclusions. Ab-
stracts for other types of papers should begin with a brief and clear 
statement of the paper’s purpose, and be followed by appropriate 
details that support the conclusions of the paper. Abstract must be 
written in English even if manuscripts was written in Korean.

4) Introduction
The introduction should address the purpose of the article concise-
ly, and include background reports mainly relevant to the purpose 
of the paper (detailed review of the literature should be addressed 
in the discussion section).

5) Materials and Methods
Materials and Methods section should include sufficient details of 
the design, objects, and methods of the article in order, as well as 
the data analysis strategies and control of bias in the study. Enough 
details need to be addressed in the methodology section of an ex-
perimental study so that it can be further replicated by others.
 When reporting experiments with human subjects, the authors 
should indicate whether they received an approval from the institu-
tional review board for the study. When reporting experiments 
with animal subjects, the authors should indicate whether the han-
dling of the animals was supervised by the research board of the af-
filiated institution or a similar one. Photographs disclosing patients 
must be accompanied by a signed release form from the patient or 
family permitting publication.
 We endorse the principles embodied in the Declaration of Helsin-
ki and expect that all investigations involving human materials have 
been performed in accordance with these principles. For animal ex-
periment, “the Guiding Principles in the Care and Use of Animals” 
approved by the American Physiological Society have to be ob-
served. Explanation of the experimental methods should be concise 
and sufficient for repetition by other qualified investigators. Proce-
dures that have been published previously should not be described 
in detail. However, new or significant modifications of previously 
published procedures need full descriptions. The sources of special 
chemicals or preparations should be given along with their location 
(name of company, city and state, and country). Method of statistical 
analyses and criteria of significance level should be described. In 
case reports, case history or case description replace the Materials 
and Methods section as well as Results section. Please inform us the 
approved number of IRB when you submit the manuscript.

a) Ethics statement:
▶ Example for clinical study: - The present study protocol was 

reviewed and approved by the Institutional Review Board of 
### National University College of Medicine (approval No. 
2019001). Informed consent was obtained by all subjects 
when they were enrolled.

▶ Example for animal study: - The procedures used and the care 
of animals were approved by the Institutional Animal Care 
and Use Committee (IACUC) in xxx University (approval No. 
2019002).

▶ Example for clinical trials: - This is a randomized clinical trial 
on the second phase, registered at NIH ClinicalTrials.gov 
(https://www.clinicaltrials.gov/), number NCT 2019003. Man-
uscripts reporting interventional clinical trial should include 
data sharing plan following the ICMJE statement by referring 
to the ICMJE Statement on Data Sharing (http://www.icmje.



org/recommendations/browse/publishing-and-editorial-is-
sues/clinical-trial-registration.html).

b) Description of participants:
▶ Ensure correct use of the terms sex (when reporting biological 

factors) and gender (identity, psychosocial or cultural factors), 
and, unless inappropriate, report the sex and/or gender of 
study participants, the sex of animals or cells, and describe the 
methods used to determine sex and gender. If the study was 
done involving an exclusive population, for example in only 
one sex, authors should justify why, except in obvious cases 
(e.g., prostate cancer). Authors should define how they deter-
mined race or ethnicity and justify their relevance.

6) Results
The authors should describe logically their results of observations and 
analyses performed using methodology given in the previous section 
and provide actual data. For biometric measurements in which con-
siderable amount of stochastic variation exists a statistical treatment 
should be used in principle. The result section should include sorely 
the findings of the current study, and not refer to previous reports. 
While an effort should be made to avoid overlapping descriptions by 
Tables and by main text, important trends and points in the Table 
should be described in the text. Experimental results should be de-
scribed using Arabic numbers and the SI unit system.

7) Discussion
Discussions about the findings of the research and interpretations 
in relation to other studies are made. It is necessary to emphasize 
the new and critical findings of the study, not to repeat the results 
of the study presented in the previous sections. The meaning and 
limitation of observed facts should be described, and the conclu-
sion should be related to the objective of the study only when it is 
supported by the results of the research. It is encouraged for the au-
thors to use subheadings in the discussion section so that the read-
ers can follow the logical flow of the authors’ thought.

8) Conclusion
The conclusion section should include a concise statement of the 
major findings of the study in accordance with the study purpose.

9) References
For all articles, the number of references should not exceed 50.

a) References are listed at the end of the manuscript and numbered 
in the order that they appear in the text. In the text, cite the ref-
erence number in square brackets (e.g., “We used the techniques 
developed by author surname [17] to analyze the data”).

b) When a work has six or less authors, cite the names of all au-
thors. When a work has over six authors, cite the first six au-
thors’ name followed by “et al.” Abbreviations for journal titles 
should be congruent with the style of Index Medicus. A journal 
title with one word does not need to be written out in abbrevia-
tion. The styles of references are as follows.
▶ Journal
Lettieri C, Rinalodo S, Devigili G, Pauletto G, Verriello L, Budai 
R, et al. Deep brain stimulation: subthalamic electrophysiologi-
cal activity in awake and anesthetized patients. Clin Neuro-
physiol 2012;123:2406-13
▶ Book
Conover WJ. Practical Nonparametric Statistics, 2nd ed. New 
York : Jon Wiley & Sons, 1971, pp216-8
▶ Chapter in a book
Ojemann RG. Surgical management of bacterial intracranial 
aneurysms. In: Schmideck HH, Sweet HH (eds). Operative 
Neurosurgical Techniques: Indications, Methods and Results, 
2nd ed. Orlando : Grune & Stratton, 1988, Vol 2, pp997-1001
▶ Internet source
American Association of Neurological Surgeons (AANS). About 
the AANS [Internet]. Rolling Meadows: AANS; cited 2019 Sep 
19. Available from: https://www.aans.org/en/About-Us

10) Tables, Figures, and Illustrations
Tables and figure legends should be included below the references 
pages at the end of the paper, but figures should be submitted sepa-
rately from the text of paper.

Table should be simple and should not duplicate information in 
figures. Title all tables and number them with arabic numerals in 
the order of their citation. Type each table on a separate sheet. De-
scribe all abbreviations. Each column should have an appropriate 
heading, and if numerical measurements are given, the unit should 
be added to column heading. The significance of results should be 
indicated by appropriate statistical analysis. Table footnotes should 
be indicated with superscript markings. When remarks are used to 
explain items of the table, the markers should be given in the order 
of *, †, ‡, §, II, ¶, #.

Photographs should be submitted individually (Namely, if Figure 
1 is divided into A, B, C and D, do not combine it into one, but sub-
mit each of them separately). Authors should submit figures in 
black and white if they want them to be printed in black and white. 
Authors are responsible for any additional costs of producing color 
figures.

Total file size of all figures should not exceed 5 MB for review 
purpose. If your figures are more than 5 MB in total, upload the 



figures after reducing the file size within 5 MB. If your manuscript 
is accepted for publication, editorial office requests you to upload 
figure files of highest quality for printing.

The files should have following resolutions for printing: line art 
at 1,200 dpi, combination half-tones at 600 dpi, and half-tones (gray 
scale or color without type or lettering) at 300 dpi. If the quality of 
the photographs is considered as inappropriate for printing, re-sub-
mission of them can be requested by the journal. Tables, graphs, 
figures, and photographs should be used only when necessary.

11) Case Report, Technical Report, Brief Report, and Letter to 
the Editor
Case reports and technical reports should consist of an abstract, 
keywords, introduction, case report, discussion, conclusion, and ref-
erences (no more than 20). Case reports should have fewer than four 
authors and should not exceed 3,000 words (excluding the abstract, 
references, and table/figure legends). Technical reports should not 
exceed 3,000 words (excluding the abstract, references, and table/
figure legends) with up to 20 references. The abstract should be con-
cisely written (fewer than 200 words). Brief report should not exceed 
2,000 words (excluding the abstract, references, and table/figure leg-
ends). No subdivisions such as the introduction, materials and 
methods, results, and discussion are required. It is not necessary to 
have a fully structured abstract for brief reports, case reports, and 
technical reports. Letters to the editor should have fewer than four 
authors and should not exceed 1,000 words.

Review Articles

1) The authors and topics for review articles will be selected by the 
editorial board.

2) Review articles should also undergo the review process.

Special Articles

1) Special articles are devoted to providing updated reports by spe-
cialists in various fields or significant issues (e.g., history of the 
field) for the members of the society.

2) The authors and topics of special drafts will be assigned and spe-
cially requested by the editorial board.

3) The authors’ views in special drafts will be respected as much as 
possible.
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Author’s checklist

Check points Author Editorial Staff

Mandatory components of a manuscript:

Words count. Manuscripts may be no longer than 6,000 words including all elements for Clinical Arti-
cles, 3,000 words for Case Reports excluding references. Please indicate the total word number at the ti-
tle page.

□
YES
□

NO
□

Manuscript layouts. Manuscript should be prepared in following orders;
1. Clinical Article: title page, inner title page, abstract, introduction, materials and methods, results, dis-

cussion, conclusion, references, table, and figure legends.  
2. Case Report: title page, inner title page, abstract, introduction, case report, discussion, conclusion, 

references, table, and figure legends.
3. Review Article: title page, inner title page, abstract, introduction, subdivisions, conclusion, references, 

table, and figure legends.

□
YES
□

NO
□

Language. Text should be written in fluent, plain, readable American or English-style English or Kore-
an. □

YES
□

NO
□

Title page:  

Components. The title page must contain all of the followings; clear title, name and affiliation of all au-
thors, information of the corresponding author (address, telephone number, fax number, E-mail ad-
dress, and ORCID), and running head.

□
Complete

□

Incomplete
□

Authorship limitation. A maximum of four authors may be included on Case Reports and Technical 
Reports. Clinical Article should have no more than six authors. □

YES
□

NO
□

Inner title page:  
Only title of the manuscript is listed. Any information on the authors and corresponding author is not 
shown on the inner title page.

□
YES
□

NO
□

Abstract:

Words count. Abstract should have no longer than 250 words for Clinical Articles and 200 words for 
Case Reports. Please indicate the word number after Keywords. □

YES
□

NO
□

Key words. Up to six keywords or phrases suitable for use in an index can be given.
□

YES
□

NO
□

Text:

Format. Text is written in 11 point fonts with double line spacing.
□

YES
□

NO
□

Headings. Do provide appropriate headings and subheadings.
□

YES
□

NO
□

Figures and tables. Cite in numerical order as they are first mentioned in the text.
□

YES
□

NO
□

Title of article: ______________________________________________________________________________________________

Author(s):  _________________________________________________________________________________________________



References:

Style. References are described following the rules of the Journal of Korean Society of Stereotactic and 
Functional Neurosurgery. □

YES
□

NO
□

Options. It is recommended that reference may contain at least one of the articles of JKSFN.
□

YES
□

NO
□

Tables:

Style. Table style should follow the conventional rules of the Journal of Korean Society of Stereotactic 
and Functional Neurosurgery. Tables should be self-explanatory, and the data they contain must not be 
duplicated in the text or figures.

□
YES
□

NO
□

Figures and Figure legends:

Figure resolution. Author must guarantee the quality of figures. It should be noted that the manuscript 
could be rejected if print-suitable high quality figures are not provided at the initial phase of submis-
sion. 

□
Acceptable   

□

Inadequate
□

Figure legend. Figure legend should be self-explanatory. Abbreviations should not be used and the pres-
ent tense must be used for the description. Appropriate description of dyeing method and magnifica-
tion for histological figure should be provided.

□
YES
□

NO
□

Submission : On-line through homepage of journal of the Korean Society of Stereotactic and Functional Neurosurgery.

All authors should sign on the copyright release and agreement form in the Journal of Korean Society 
of Stereotactic and Functional Neurosurgery and upload them together when submission,  correspond-
ing author should indicate that he (she) takes full responsibility of authorship from all authors.

□
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□

NO
□
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