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서론

파킨슨병(Parkinson disease)은 흑색질(substantia nigra)에서 도파민 신경이 점진적으

로 소실되는 신경퇴행성 질환이다. 대표적인 증상은 안정 시 떨림(resting tremor), 강

직(rigidity) 및 서동증(bradykinesia)이 있다[1]. 파킨슨병은 주로 도파민의 결핍으로 인

해 발생하므로 파킨슨병의 가장 주요한 치료법으로는 도파민의 전구체인 L-3,4-dihy-

droxyphenylalanine (L-DOPA)을 투여하여 도파민을 보충 공급하는 방법이 있으며 이를 

통해 파킨슨병의 운동 증상을 개선할 수 있다[2]. 그러나 도파민성 신경세포의 소실

이 점차 진행됨에 따라 L-DOPA에 의한 과잉 생산된 도파민을 저장하기 어렵고, 도파

민의 분비조절이 어려워지면서 L-DOPA 유발 이상운동증(L-DOPA-induced dyskine-

sias), 약효소진(wearing off), 운동기복 현상(motor fluctuation) 등의 운동합병증(motor 

complication)이 발생할 수 있다[3]. 이러한 운동합병증을 개선하기 위해 뇌심부자극

술(deep brain stimulation)이 널리 시술되고 있다[4].

대부분의 파킨슨병은 산발적 파킨슨병(sporadic Parkinson disease)이며, 파킨슨병의 

병인은 확실히 밝혀진 바가 없다[5,6]. 기존의 파킨슨병의 병인 연구는 산발적 파킨

슨병을 일으키는 비유전적 요소나 환경적 요소에 초점을 맞춰왔지만 최근에 새로운 

실험기법이 발달하면서 파킨슨병의 유전인자와 교세포 유래 병리 생리학에 관한 연

구가 활발하게 이루어지고 있다.

파킨슨병 발병과 관련한 다양한 유전자

파킨슨병과 관련한 여러 유전인자들이 있으며, 대표적으로 α-synuclein 단백질을 암

호화하는 SNCA (Synuclein Alpha) 유전자, E3 ubiquitin ligase인 parkin을 암호화하는 Par-

kin 유전자, 미토콘드리아를 조절하는 데 주요한 역할을 하는 PINK1 (PTEN induced 
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Parkinson disease (PD) is the second most common neurodegenerative disease, 
characterized by the denervation of dopaminergic neurons in the substantia nigra. 
Its cardinal symptoms are rigidity, tremor, and bradykinesia. The gold-standard 
treatment for PD is the administration of levodopa, but no approved treatment 
can stop the progression of PD. Thus, the development of new therapeutics based 
on the pathogenesis of PD is needed. In this study, we review the pathogenetic 
factors of PD to achieve a better understanding of the disease and novel experi-
mental therapies based on recently obtained knowledge regarding its pathogene-
sis. This could allow us to explore new therapeutic targets and treatments for PD. 
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kinase 1 ) 유전자[7], 자가포식(autophagy)을 조절하는 LRRK2 (leu-

cine-rich repeat kinase 2) 유전자[8], 산화스트레스를 조절하는 DJ-1 

(PARK7) 유전자[9] 등이 있다(Fig. 1, Table 1).

SNCA (Synuclein Alpha) 유전자

α-Synuclein의 돌연변이는 유전형 파킨슨병과 관련이 있으며, 돌연

변이 단백질의 독성 효과와 α-synuclein의 기능소실(loss of function) 때

문에 세포질에 도파민이 축적하게 되고, 도파민이 저장되고 합성되

는 선조체의 도파민 신경말단에서 산화스트레스를 유발하기도 한다

[10]. α-Synuclein은 포유류동물 뇌에 상당히 많이 발현되며 막과 소포

구조에 관련이 있는 시냅스 전 신경말단에 풍부하다[5,11]. α-Synu-

clein은 스냅스 소포의 재활용(synaptic vesicle recycling)이나 스냅스 전

달(synaptic transmission)에 관여하는 것으로 알려져 있다[12]. α-Sy-

nuclein의 섬유화(fibrillation)는 점점 응집이 되면서 파킨슨병의 주

요 구조적 요소인 루이소체(Lewy body)를 형성한다[13]. 이것을 통해 

α-synuclein이 파킨슨병을 일으키는 주요한 요소임을 알 수 있다. 

α-Synuclein의 돌연변이는 독성을 유발하여 파킨슨병을 유발하기도 

한다. 대표적인 돌연변이로는 A53T, A30P, E46K 등이 있다. 이를 이용

하여 바이러스에 A53T α-synuclein을 탑재하고 흑색질에 주입하여 파

킨슨병 동물모델을 유발하기도 한다[14].

Parkin 유전자

Parkin 유전자는 465개 아미노산으로 구성된 단백질을 암호화한

다. Parkin 단백질은 E3 ubiquitin ligase로서 비정상적인 단백질(예: 

damaged/misfolded protein)에 ubiquitin을 tag하는데 중요한 역할을 한

다[5,15]. 단백질의 ubiquitination는 ubiquitin-activating (E1), conjugating 

(E2), and ligage (E3) 효소가 각각 역할을 다함으로써 완성된다. Parkin 

단백질은 E2 효소인 UbcH7과 UbcH8과 상호작용을 한다. Parkin의 

기능소실은 parkin과 E2 효소 등과의 상호작용을 저해하고, parkin이 

ligase 역할을 못하게 되면 부적절한 단백질의 분해가 안되면서 신경

세포에 독소 축적을 유발할 수 있다[5,16,17].

PINK1 (PTEN induced kinase 1) 유전자

PINK1 유전자는 581개 아미노산으로 구성된 단백질을 암호화하

고, N말단에 mitochondrial targeting sequence를 갖고 있다[5]. 과발현된 

PINK1 단백질은 미토콘드리아에 위치하고 mitochondrial protein kinase 

역할을 한다[18]. 또한 PINK1 단백질은 미토콘드리아 기능장애(dys-

function)와 프로테아좀 저해에 의한 세포사멸을 억제하는데 관여한

다[19]. PINK1의 기능소실은 kinase 기능을 소실하게 되면서 파킨슨

병을 유발할 수 있다[20]. 미토콘드리아 기능의 결손은 산발적 파킨

슨병 발생에서 중요한 역할을 하므로 PINK1의 미토콘드리아를 조절

하는 기능은 파킨슨병 발병과 밀접한 관련이 있다[19,21].

DJ-1 (PARK7) 유전자

DJ-1 유전자는 189개 아미노산으로 구성된 단백질을 암호화하며 

포유류 뇌조직에 풍부하게 발현된다[5]. 산발적 파킨슨병 환자의 뇌

조직에서 용해되지 않는 형태의 DJ-1 단백질이 확연히 증가하기도 한

Fig. 1. Mechanism of dopaminergic degeneration. PINK1: PTEN 
induced kinase 1, DJ-1: PARK7, ROS: reactive oxygen species, 
ATP: adenosine triphosphate, GABA: γ-aminobutyric acid.

Table 1. Various factors related to the pathogenesis of Parkinson disease

Locus Gene/Factor Function Reference
PARK1, PARK4 SNCA Presynaptic maintenance 10–14
PARK2 Parkin E3 ubiquitin ligase 15–17
PARK6 PINK1 Mitochondrial protein kinase 7, 18–21
PARK7 DJ-1 Mitochondrial antioxidant 9, 22, 23
PARK8 LRRK2 Autophagy control 8
NA Mitochondria ATP production, programmed cell death 24–30
NA Microglia Maintaining brain homeostasis 31–35
NA Astrocyte Maintaining brain homeostasis 32, 34, 36–38

NA: not applicable, ATP: adenosine triphosphate.

Parkin
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DJ-1 Mitochondrial
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다[22]. DJ-1 단백질의 생리학적 기능은 과산화수소(hydrogen perox-

ide)를 직접적으로 제거함으로써 항 산화역할을 하거나 산화스트레

스의 센서로 알려져 있다[23].

파킨슨병 발생에서 미토콘드리아의 역할

파킨슨병 환자의 사후조직이나 환자조직 유래 세포배양에서 미토

콘드리아 대사의 이상을 확인할 수 있다[24]. 산발적 파킨슨병 환자

의 사후 뇌조직의 지방, 단백질, DNA에서 산화적 손상이 발견되었다

[5]. 산화스트레스의 직접적인 원인은 잘 알려져 있지 않지만 도파민 

대사를 증가시켜 과도한 과산화수소나 reactive oxygen species (ROS) 

등을 생산해낼 수 있다[25]. 미토콘드리아 전자전달계의 주요 구성

요소인 complex I의 활성이 파킨슨병 환자의 흑색질이나 전두피질

(frontal cortex)에서 감소하였고, 이러한 미토콘드리아의 기능장애로 

인해 산화스트레스가 증가하였다[24]. Complex I의 결함은 adenosine 

triphosphate 합성을 감소시키고, 초과적인 ROS를 생산하면서 파킨슨

병의 신경퇴화에 기여한다[26]. 산화적 손상은 α-synuclein을 응집시

키고, 프로테아좀 유비퀴틴(proteasomal ubiquitination)과 단백질분해

에도 영향을 미친다[27]. 세포사멸과정 중 미토콘드리아막은 투과성

을 갖게 되고 시토크롬 C (cytochrome C)를 세포질로 방출하면서 카

스파제(caspase)를 활성화시켜 세포사멸에 기여한다[28]. 이러한 미

토콘드리아막의 투과성은 산화스트레스 상황이나 전자전달계의 억

제 상황에서도 열리게 된다[29]. 따라서 미토콘드리아의 기능장애나 

산화스트레스는 Bax를 작동시켜 세포사멸을 활성화시키고, 유비퀴

틴-프로테아좀 시스템(ubiquitin-proteasomal system)을 과부하시켜 잘

못 접히거나 손상된 단백질의 축적을 초래한다[30].

파킨슨병 발생에서 신경교세포의 역할

미세교세포(microglial cell)는 중추신경계에서 대식세포(macrophage) 

역할을 하며 뇌에 손상이 일어날 때 중요한 역할을 한다[31]. 보통 다

른 뇌 부위보다 흑색질에서 미세교세포가 밀집되어 있기 때문에 흑색

질의 신경은 활동성 미세교세포(activated microglial cell)에 의한 손상에 

훨씬 더 취약하다[32]. 사후분석에서 활동성 미세교세포와 전염증요

인(pro-inflammatory factors)의 증가는 파킨슨병의 병리학적 특성이다. 

활동성 미세교세포는 전염증성 사이토카인을 분비하고 이는 중뇌 흑

색질의 도파민 신경의 사멸을 유발한다[33].

비정상적인 α-synuclein 응집체는 뉴런뿐 아니라 미세교세포에도 발

견된다[34]. α-Synuclein은 신경기능을 저해하고 미세교세포의 식세

포활동과 전염증성 사이토카인의 분비를 증가시킨다[34]. 또한 과발

현 α-synuclein 동물모델에서 α-synuclein은 활동성 미세교세포를 증가

시켜 최종적으로 도파민 신경을 저해한다[35].

별 아교 세포(astrocyte)는 파킨슨병 발병에 중요한 역할을 한다. 별 

아교 세포는 신경에 필요한 신경성장인자를 분비하기도 하지만 반응

성 별 아교 세포로 전환 시 염증성 요인을 분비하고 파킨슨병 발병을 

유발하기도 한다[34]. 파킨슨병 환자의 사체 해부에서 다수의 흑색질

에서 별 아교 세포 수와 glial fibrillary acid protein (GFAP) 면역반응이 증

가한다[32]. GFAP 양성 별 아교 세포는 도파민 신경의 소실과 반비

례 관계에 있지만, 흑색질에 있는 별 아교 세포 세포 중 α-synuclein 

양성 세포의 수는 도파민 신경의 소실의 정도와 정비례 관계에 있다

[32]. 반응성 별 아교 세포(reactive astrocyte)가 모노아민 산화효소

(monoamine oxidase-B)를 통해 대표적인 억제성 신경전달물질인 γ-아

미노뷰티르산(γ-aminobutyric acid, GABA)을 합성하고 분비함으로써 

주변에 있는 도파민 신경의 활동전위를 저해하고, 이를 통해 파킨슨

병의 운동장애를 유발할 수 있다는 것을 최근 연구에서 밝혀냈다

[36]. 활동성 미세교세포는 별 아교 세포를 신경독성을 가진 A1 표현

형으로 전환시키므로 미세교세포와 별 아교 세포의 상호작용도 파킨

슨병의 발병에 있어서 매우 중요하다[37,38].

최근 밝혀진 병원체에 기반한 새로운 실험기법

흑색질에서 도파민성 뉴런 주변의 반응성 성상교세포의 제어

염증 발생에 의한 염증성 미세교세포가 활성화되고 활성화된 미세

교세포는 전염증성 사이토카인인 interleukin (IL)-1α, tumor necrosis fac-

tor (TNF) α, C1q 등을 분비하면서 이 결과 정상기능을 하는 별 아교 

세포가 신경독성을 가진 A1 타입의 별 아교 세포로 전환하는 것이 

알려져 왔다[37,38]. A1 타입의 반응성 별 아교 세포는 스냅스에서

의 기능이나 식세포 기능을 소실하게 되고 강력한 신경 독성을 갖게 

된다[38]. 따라서 도파민 신경 주위에 이러한 신경 독성을 가진 반응

성 별 아교 세포의 활성을 조절함으로써 파킨슨병 증상을 개선시킬 

수 있다[38]. 첫째로, 활성화 미세교세포가 분비하는 전염증성 사이

토카인인 IL-1α, TNFα, C1q의 분비를 억제함으로써 별 아교 세포가 

A1 타입의 반응성 별 아교 세포로 전환하는 것을 막을 수 있다[38]. 

두 번째로, 모노아민 산화효소 억제제를 통해 반응성 별 아교 세포가 

분비하는 GABA의 생산을 억제하거나 반응성 별 아교 세포가 분비하

는 GABA에 의해 신경의 활동이 억제되어 있는 휴면 도파민 신경을 

광유전학(optogenetics)을 이용하여 활성화시킴으로써 파킨슨병 증상

이 개선됨을 보고하였다[36].

잘못 접힌 α-synuclein 응집체를 분해하는 그래핀

위에서 살펴본 파킨슨병의 병리학적 연구에서 미토콘드리아 기능

이상과 산화스트레스가 중요한 원인으로 주목되고 있다. 모두 ROS 

형성과 관련이 있으며, ROS는 염증반응 진행을 일으키는 중요한 인

자이다[39]. 최근 탄소 동소체인 그래핀을 이용한 연구가 활발하게 

진행되고 있으며, 그래핀 양자점은 대장염에서 염증반응을 억제하여  

대장염의 증상을 감소할 수 있다[40]. 이를 파킨슨병에 적용하여 염

증을 감소시킴으로써 파킨슨병의 증상을 완화할 수 있을 것이다. 파

킨슨병의 주요한 지표이고 루이소체의 중요성분인 α-synuclein 응집

체 역시 파킨슨병 발병의 주요한 원인으로 주목 받고 있다. 최근 연

구에서 그래핀 양자점이 α-synuclein 응집체를 직접 제거하여 파킨슨

병 증상을 완화할 수 있음을 보고하였다[41].

성상교세포에서 도파민성 뉴런으로의 직접 전환 분화

최근 새로운 실험기법의 발달은 살아있는 조직 내에서 별 아교 세
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포를 도파민 신경으로의 직접 분화를 가능하게 해주었다. 이는 small 

hairpin RNA 기술을 이용하여 RNA binding protein polypyrimidine-tract 

binding protein을 고갈시켜 이루어졌으며, 마우스 브레인에서 지속적

으로 별 아교 세포에서 도파민 신경으로의 전환이 가능해졌고, 이 결

과 파킨슨병과 같은 신경퇴행성 질환에서 별 아교 세포를 직접 분화

하여 새로운 신경세포를 공급함으로써 파킨슨병의 증상을 치료할 수 

있는 새로운 접근법을 제시하였다[42].

α-Synuclein을 생산하는 돌연변이 유전자를 제거하는 CRISPR

파킨슨병의 병리학적 연구에 있어서 α-synuclein은 대단히 중요하고 

많은 부분을 차지하고 있다. 파킨슨병의 대부분은 산발적 파킨슨병이

지만 위에서 살펴본 대로 파킨슨병에 관여하는 여러 가지 유전인자들

이 있으며 A53T α-synuclein의 돌연변이도 그 중의 하나이다. Yoon 등

[43]은 최근 개발된 유전자 편집기술인 CRISPR-Cas9을 이용한 A53T 

α-synuclein의 제거를 통해 파킨슨병의 증상이 완화할 수 있음을 보고

하였다. 이는 A53T α-synuclein 돌연변이뿐 아니라 다른 파킨슨병 원인 

유전자에도 적응이 가능하다.

결론

파킨슨병의 발병은 여러 유전인자들과 관련이 있고 미토콘드리아

와 유비퀴틴-프로테아좀 시스템의 기능과도 관련이 있다. 뿐만 아니

라 신경에 염증을 유발해 신경을 저해하는 미세교세포와 별 아교 세

포와도 밀접한 관련을 갖고 있다. 각각의 파킨슨병 발병 인자에 대한 

연구를 통해 병인론에 근거한 새로운 치료법 개발이 필요하다.
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NATURAL HISTORY OF CEREBRAL CAVERNOUS 
MALFORMATIONS 

Incidence 
The incidence of cerebral cavernous malformation (CM) is 0.15 to 0.56 per 

100,000 population. Hasegawa et al. [1] reported the incidence of CM is known 
to correspond to 0.1% to 4.0% of the population. Cerebral CM has been reported 
to constitute 8% to 15% of all cerebrovascular lesions. Tomlinson et al. [2] report-
ed the incidence of all vascular malformations in the central nervous system ac-
counts for about 5% to 15%. In 1991, Del Curling et al. [3] reported that the inci-
dence of CM in the brain was 0.39%. In 1991, Robinson et al. [4] reported 0.47%. 
In 2012, Al-Shahi et al. [5] reported a CM incidence of 0.56%. In 2009, Morris et 
al. [6] reported that the incidence of CM was 0.16%. Up to one-third of CM pa-
tients have CMs associated developmental venous anomalies [7]. 

Definition and clinical presentation 
Cerebral CM is a type of an abnormally large collection of “low flow” vascular 

channels without brain parenchyma intervening between the sinusoidal vessels, 
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Review Article A cavernous malformation (CM) is a type of an abnormally large collection of 
“low-flow” vascular channels without brain parenchyma intervening between the 
sinusoidal vessels; these occult lesions on transfemoral catheter angiograms were 
formerly known as “cryptic” vascular lesions. In this review, we briefly describe 
the overall characteristics of cerebral CMs and summarize radiosurgical methods 
and results of radiosurgery as treatment for CMs. The incidence, definition, and 
natural history of cerebral CMs are described. The principal issues of CMs are re-
current bleeding and seizures. These issues are compared to the radiosurgical in-
terventions for CMs. The rebleeding rates of CMs after radiosurgery is difficult to 
compare directly with untreated lesions because treated lesions are innately more 
vulnerable to rebleeding. Seizure outcomes after radiosurgery are also not easily 
estimated because of the various lesion locations; nevertheless, radiosurgery is an 
important treatment option for CMs in eloquent areas. Stereotactic radiosurgery 
(SRS) for CM has been effectively and widely used in recent years. Advances in 
magnetic resonance imaging and radiosurgery, as well as better studies of this 
condition’s natural history, are increasingly supporting the role of SRS as a com-
plementary tool in CM treatment. More research is needed. 

KEY WORDS: Cerebral cavernous malformation, Radiosurgery, Vascular mal-
formations  
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that are “occult” lesions on transfemoral catheter angiograms, for-
merly known as “cryptic” vascular lesions [8,9]. It has a character-
istic structure with a grape-shaped racemose construction. Histo-
logically, CMs are composed of a “mulberry-like” cluster of hya-
linized dilated thin-walled capillaries, with surrounding hemosid-
erin. Caverns, blood-filled sinusoidal locules, are characterized by 
the lack of mural elements of mature vessel wall architecture and 
mature blood-brain-barrier [10]. Intraluminal thrombosis, reca-
nalization, recurrent thrombosis and resolving hematoma are 
pathophysiological specificity. It is difficult to distinguish intrace-
rebral resolving hematoma from CM. Cerebral CM causes various 
and distinct symptoms among patients, such as cerebral hemor-
rhages (30–40%), epileptic seizures (40–70%), and headaches 
(10–30%). Asymptomatic patients are also frequently found up 
to 20% to 50%. These estimates are largely based on autopsy and 
magnetic resonance imaging (MRI) studies, as 70% to 95% of le-
sions remain asymptomatic [10-13]. The patient’s symptoms are 
consistent with the lesion location, and supratentorial CMs are 
often found incidentally after seizures. Although seizures are the 
most common symptom of CMs, the initial symptoms are often 
caused by acute bleeding, and the symptoms vary depending on 
the location of the lesion. When CM bleeds in eloquent area, fo-
cal neurological deficits occur depending on the degree of bleed-
ing and destruction of the brain parenchyma. Subcortical CM 
may present with hemorrhage accompanied by headache or sei-
zure symptoms. Flemming et al. [14] reported that 37% of CM 
patients presented with seizures, 36% with hemorrhage, 23% with 
headaches, 22% with focal neurological deficits, and 10% were as-
ymptomatic. Seizure presentation was most prevalent among su-
pratentorial CMs, while focal neurological deficits were common 
in patients with infratentorial CMs. Overall, 19% of patients har-
bored multiple intracranial CMs, and 9% had radiographically ap-
parent associated developmental venous anomalies. Sage et al. 
[11] reported a result of 2,000 consecutive brain MRI examina-
tion, and identified 0.9% of patients with CM lesions. Their pre-
senting symptoms were seizures (48%), progressive neurologic 
deficits (17%), and acute hemorrhage (17%). Brainstem CM 
causes very typical focal neurological deficits. Symptomatic, mul-
tiple hemorrhagic CM of the brainstem often suffers from clinical 
difficulties because surgical resection with acceptable risk cannot 
be performed [15]. 

Lesion locations in the brain 
CMs are usually located in the supratentorial area from less 

than 1 mm to several centimeters in diameter. About two-thirds 
of all CMs were in the cerebral hemispheres (66%). CMs 10% to 
20% are located in the deep brain including basal ganglia or thala-

mus (8%). The brainstem has been reported to account for 8.5% 
to 35% of all CMs [16,17]. The most common location in the 
brainstem is the pons (62%) followed by midbrain (14%), mid-
brain and cerebrospinal junction (12%), and medulla (5%). All 
CMs 10% to 23% are present in the posterior fossa including cere-
bellum (6%) and others (2.5%) [3,4,18]. 

When studying CM patients referred to a radiosurgery center, 
the lesion site seems to have more frequent deep, eloquent, and 
high-risk patients compared to known epidemiologic studies. Ac-
cording to Kondziolka et al. [19], a prospective observation of pa-
tients referred between 1987 and 1993, the malformation was lo-
cated in the brainstem 35%, the basal ganglia/thalamus 17%, and 
a hemispheric area 48%. 

Characteristic appearances on magnetic resonance imaging 
The widespread use of MRI has not only increased the frequen-

cy of CM diagnosis, but has also advanced the understanding of 
natural history and epidemiology [7,20-25]. Because CM is 
low-pressure and low-flow vascular malformations, single or mul-
tiple lumen formations in the vessels are observed on MRI [26]. 
Bleeding in CM is caused by leakage of blood from a vein either 
intralesional or perilesional. “slow ooze” or “cluster of bleeding 
sites” are configured and can cause defects in the blood brain bar-
rier [21,27]. Hemorrhagic cavernous anomalies show a character-
istic “popcorn” or “berry” appearance with a low signal rim due to 
hemosiderosis on MRI images. T1-weighted image (T1WI) and 
T2-weighted image (T2WI) are useful for accurately detailing the 
dimensions and characteristics of a CM. Time-dependent signal 
phase 2 of blood components, low-intensity borders around high 
signal intensity, small fluid levels, and internal septum may be visi-
ble. In case of acute bleeding, edema around the lesion may ap-
pear. Gradient echo (GRE) and susceptibility-weighted imaging 
(SWI) showed higher sensitivity and superiority to distinguish 
between old and new blood products when discriminating multi-
ple cerebral CMs. However, the size of the lesion is exaggerated 
due to “blooming artifact” in the presence of hemosiderin. Differ-
ential diagnosis on MRI is broad and includes hemorrhagic me-
tastasis, epidermal cysts, meningioma, schwannoma, melanoma, 
diffuse cerebral microhemorrhage, cerebral amyloid angiopathy, 
and chronic hypertensive angiopathy. CMs can be grouped into 
four types based on MRI appearances using the Zabramski classi-
fication [18]. 

Mutations of cerebral cavernous malformation 
CM are single or multiple, familial or sporadic, and congenital 

or de novo. The pathogenesis of CM is not yet fully understood. 
CMs are sporadic in common. Multiple CM has a high probabili-
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ty of familial CM with an autosomal dominant inheritance pat-
tern. Epigenetic or environmental exposure, radiation exposure 
may contribute to make gene function loss. The disease-related 
mutation was identified into one of the CCM1, CCM2, and 
CCM3 genes. The rate of these mutations is relatively low. The 
underlying molecular mechanism has remained largely elusive 
[20,28]. Pathogenic variants of CCM1 (KRIT1), CCM2 or 
CCM3 (PDCD10) can be identified in 87% to 98% of the CM 
family [29]. 

Natural annual hemorrhage rate 
The overall annual rates of rupture varied from 0.25% to 2.3% 

[30,31]. In some reports the bleeding rates have been estimated at 
0.7% to 1.1% lesions/yr [4,18,23] and 1.6% to 3.1% patients/yr 
[14,16,19,32,33], in other reports an annual bleeding rate of 0.6% 
to 11% [4,17-19,30,34-36]. Whether pregnancy is associated 
with an increased risk of rupture in occult vascular abnormalities 
is sparse and conflicting [4,17,37,38]. 

RADIOSURGERY FOR CEREBRAL 
CAVERNOUS MALFORMATIONS 

Hemorrhage rate before and after radiosurgery 
Stereotactic radiosurgery (SRS) may reduce the rebleeding rate 

of CMs. Prior hemorrhage and female are risk factors for bleed-
ing, while CM size and multiplicity did not affect hemorrhage 
rates. Although not impacting the hemorrhage rate itself, deep lo-
cation was a risk factor for increased clinical aggressiveness [36]. 
The risk of recurrent intracranial hemorrhage or focal neurologi-
cal deficits due to CM is greater than the risk of first bleeding. 
Women have a greater risk of bleeding than men, which decreases 
over 5 years [39]. Pollock et al. [40] reported good results of SRS. 
The rebleeding rate in the first 2 years after SRS was 8.8%, and the 
bleeding rate after 2 years was 2.9%. After a latency period of 
about 2 years, the rebleeding rate was reduced. In 2016, Gross et 
al. [41] reviewed CM in children, which differed from studies in 
adults. Patients who presented initially with symptomatic hemor-
rhage were at higher risk for future hemorrhage, and hemorrhage 
risk decreased with time. Male sex, and multiplicity of CMs also 
increased the risk of hemorrhage [14]. The median time from 
first to second hemorrhage was 8 months. Kondziolka et al. [19] 
reported that the location of intracerebral hemorrhage in CM pa-
tients was deep-seated in 52% and lobar in 48% of cases and there 
was no statistic difference in the rate of bleeds between brain loca-
tions. Patients’ sex or the presence of seizures, headaches, or soli-
tary versus multiple lesions were not significant predictors of later 
hemorrhage. They reported that the annual hemorrhage rate be-

fore Gamma knife radiosurgery (GKS) was 5.9% to 56.5% de-
pending on the calculation method. The hemorrhage rate de-
creased to 8.8% during the first 2 years after GKS procedure and 
to 1.1% after 2 years. Considering that the patients subject to ra-
diosurgery had an average of 2.3 multiple bleeding before the 
GKS procedure, it was reported that radiosurgery would have a 
significant effect on the reduction of the bleeding rate. 

Karlsson et al. [22] reported that the annual posttreatment 
hemorrhage rate was 8% in 22 patients who underwent GKS, but 
was 11% during the first 4 years after the procedure, and de-
creased to 6% after 4 years. Although there was no correlation be-
tween the occurrence of rebleeding and the location of the lesion, 
rebleeding occurred in six of 13 cases with central lesions and 
three of nine with lesions located at the periphery. Rebleeding oc-
curred in three of 11 patients with high dose applied and five of 
11 patients with low dose. Although there was no statistical signif-
icance, there was an estimated correlation between the radiation 
dose and the occurrence of bleeding. Hasegawa et al. [1] observed 
that after radiosurgery was performed on a total of 82 patients, the 
bleeding rate before surgery was 33.9%. The bleeding rate was 
0.76%. It was concluded that the risk of bleeding was significantly 
reduced from 2 years after radiosurgery. The initial presentation 
of symptomatic bleeding is 8% to 37% of all CM patients [42,43]. 
After the first bleeding, the AHR increases to 4% and reaches 34% 
in patients with a history of CM and multiple bleeding 
[14,19,32,34,44,45]. Furthermore, the bleeding risk in patients 
with brainstem CM is estimated to be 34% after the first case of 
bleeding [32]. Asymptomatic CMs are known to have a low an-
nual risk of bleeding, in the range of 0.25% to 0.6% per year 
[22,32]. The annual risk of new symptomatic hemorrhage with 
new neurological deficits and evidence of acute bleeding on MRI 
was 0.6%. The annual rebleeding rate after a single hemorrhage 
was 4.5%. However, the annual rebleeding rate increased dramati-
cally to 32% per year after patients with CM had suffered two or 
more past bleedings. Hemorrhage in CM can occur either intrale-
sional or exophytic. The occurrence of clinical symptoms after 
bleeding is associated with anatomic location [32]. Developmen-
tal venous anomaly (DVA) coexists in 2.1% to 36% of patients 
with CMs and it is considered a risk factor of increased hemor-
rhage [8,46]. 

Seizure rate before and after radiosurgery 
Seizures are the most common symptom. Seizures occur in ap-

proximately 30% to 50% of symptomatic cerebral CMs [39]. Af-
ter radiosurgery for CMs with seizure, factors affecting the treat-
ment outcome are the duration of symptoms, radiation dose, and 
location of the lesion. The most important prognostic factor is the 
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location of the lesion. Men are more prone to seizures than wom-
en [3,4,8,18,19,30,47]. CM lesions were single in 80% of patients 
and multiple in 20%. Patients 4.3% who did not initially present 
with seizures developed seizure in the follow-up period [19]. Age 
less than 40 was the only significant factor predisposing to seizure 
disability. Lesion size, multiplicity, and other factors did not influ-
ence clinical disability [48]. Seizures of CMs are associated with 
hemosiderin deposition, calcification, and recurrent microbleeds. 
Patients 47% to 60% can be controlled with antiepileptic drugs 
(AEDs). Patients 20% to 40% develop drug-resistant epilepsy, 
which requires surgical intervention [3,4,8,18,19,47]. Patients 
with CM-related epilepsy who undergo surgical resection achieve 
postoperative seizure freedom in 75% of cases (Table 1) [49]. 
Lindquist et al. [50] reported that there seems to be no direct re-
lationship between complete occlusion of the lesion and the anti-
convulsant effect, since there are cases where seizures can be con-
trolled even before complete occlusion of the nidus occurs. Régis 
et al. [51] reported microsurgical resection can provide efficient 
treatment of drug-resistant associated epilepsy. However, seizure 
control can be reached when a good electroclinical correlation ex-
ists between CM location and epileptogenic zone. GKS can be 
proposed for the treatment of epilepsy when the CM is located in 
a highly functional area. CMs located in the Rolandic region caus-
es simple partial motor seizures. Although the lesion and the epi-
leptogenic zone are relatively identical in this region, complex 
partial seizures usually occur when the lesion is located in the me-

siotemporal region. The mediotemporal site was associated with 
a higher risk of failure. Because the epileptogenic zone of complex 
partial seizures extends beyond the lesion, radiosurgery is less ef-
fective than simple partial seizures. On their result, 26 out of 49 
patients (53%) were seizure-free (Engel’s Class I), including 24 in 
Class IA (49%) and two patients with occasional auras (Class IB, 
4%). A highly significant decrease in the number of seizures was 
achieved in 10 patients (Class IIB, 20%). The remaining 13 pa-
tients (26%) showed little or no improvement. Zhang and Chitlur 
[52] reported that in 28 patients with convulsions, the frequency 
and intensity of convulsions decreased in four out of seven pa-
tients who showed bleeding and convulsions after radiosurgery. 
Eighteen patients who showed only convulsive symptoms showed 
improvement of symptoms. They found that the seizure symp-
toms improved in the case of brain edema after radiosurgery, but 
the seizure worsened again after the brain edema findings disap-
peared. Moore et al. [36] reported long term result of incidentally 
discovered CMs. There were 1,311 patient-years of follow-up 
among the 107 patients (49.5% male; mean age at diagnosis 52 
years) eligible for this study, the definitive prospective bleed rate 
was 0.08% per patient-year. No new seizures developed in any of 
the patients during the follow-up period. In 2018, Nagy et al. [53] 
reported that the rate of improvement in epilepsy was 84.9% after 
radiosurgery in patients with at least one seizure prior to treat-
ment, not depending on the presence of hemorrhage or the time 
interval between presentation and treatment. Favorable outcome 

Table 1. Reported seizure and hemorrhage risk

Author Year Lesions (n) Follow-up duration 
(mean, yr) Seizure risk Hemorrhage risk (%)

Porter et al. [17] 1999 103 13 Overall annual event rate of 4.2%. 5% per lesion/yr
Kondziolka et al. [19] 1995 122 2.8 4.3% Overall 2.63 per person-yr

With first hemorrhage, 4.5
Without hemorrhage, 0.6

Nagy et al. [53] 2018 109 7 (1–21) The rate of improvement in epilepsy 
was 84.9% after radiosurgery in pa-
tients with at least one seizure prior 
to treatment

AHR 0.4% per lesion
Rebleed rate in the single-bleed 

group decreased from 1.8% 
within the first 2 years after 
radiosurgery to 0.7%

Flemming et al. [14] 2012 292 10 (between 1989 
and 1999)

Incidentally diagnosed, 0.33

With first hemorrhage, 6.19
Without hemorrhage, 2.18

Li et al. [45] 2014 331 6.5 With first hemorrhage, 12–15
Without hemorrhage, 8.7

Moore et al. [36] 2014 107 12.3 Overall 0.08% per person-yr
Zabramski et al. [18] 1994 128 2.2 Symptomatic seizures in 39% 1.1% per lesion-yr
Labauge et al. [35] 2000 40 3.2 2.5% per lesion-yr

AHR: annual hemorrhage rate.
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occurred in 81% of patients whose seizures were not controlled 
with antiepileptic medication prior to SRS. A better effect will be 
obtained if the target includes not only the lesion but also the sur-
rounding epileptogenic zone. 

Radiation-induced complications 
The incidence of radiation-induced complications after radio-

surgery for CMs is reported to be 9% to 59%. This result is higher 
compared to radiosurgery complications for cerebral arteriove-
nous malformations (AVMs) [26,48]. Overall radiation-induced 
morbidity ranged from 2.5% to 59%, with higher complication 
rates in patients with brainstem lesion locations. Researchers ap-
plying mean radiation doses of 15–16.2 Gy to the tumor margin 
saw both low radiation-induced complication rates (0–9.1%) and 
adequate hemorrhage control (0.8–5.2% > 2 years after treat-
ment), whereas mean doses of 16.5 Gy or more were associated 
with higher total radiation-induced morbidity rates ( > 17%). Al-
though the use of SRS remains controversial, patients with angio-
graphically occult vascular malformations located in surgically in-
accessible areas of the brain may benefit from such treatment 
[54]. 

Gross et al. [55] reported that CMs of the basal ganglia and 
thalamus present a unique therapeutic challenge to the neurosur-
geon given their unclear natural history, the risk of surgical treat-
ment, and the unproven efficacy of radiosurgical therapy. Given 
the compounded risks of radiation-induced injury and post-ra-
diosurgical rebleeding, radiosurgery at modest dosimetry (12–14 
Gy marginal doses) is only an option for patients with surgically 
inaccessible, aggressive lesions. 

MANAGEMENT OF CAVERNOUS 
MALFORMATION 

Microsurgical resection 
Total microsurgical resection is a definitive treatment for cere-

bral CMs. However, the decision to operate remains challenging 
as postoperative morbidity may approach or exceed the complica-
tions of the untreated disease [56]. The goal of surgery is a mini-
mal and complete removal of the lesion. Surgery may be reserved 
for symptomatic growth, hemorrhage, or focal neurological defi-
cits. If it is proper to establish a corridor for a neurosurgical opera-
tive approach, surgical removal may be recommended for rup-
tured subcortical CM. For non-eloquent and supratentorial le-
sions, microsurgical excision can be curative [57]. In symptomatic 
hemorrhage and in cases of medically refractory epilepsy, early 
surgery is favored [9,49,58]. 

In 1994, Tomlinson et al. [2] explained that microsurgical exci-

sion is a satisfactory method of treatment. The reason is as fol-
lows. Histologically cavernous lesions are the commonest form of 
occult vascular malformation and possess a capillary component. 
A purely compact or cavernous architectural pattern is uncom-
mon, most lesions showing a partially racemose architecture. 
Clinical growth of CMs may have its basis in intraluminal throm-
bosis and subsequent recanalization. 

Up to 82% of patients with brainstem lesions involve the corti-
cospinal and other major fiber tracts [59]. Aggressive interven-
tion in the brainstem is reserved for patients who have suffered a 
single disabling bleed, or with long life expectancy which may 
pose a higher cumulative risk for future hemorrhage [9,60,61]. 
With the utilization of image guidance, appropriate patient and 
approach selection, and detailed knowledge of the intrinsic brain-
stem anatomy, these lesions can be resected [62]. When the in-
tractable seizures focus is localized non-eloquent areas, we should 
remove hemosiderin-laden gliotic lesion. Large lesions can be 
partially excised, and small lesions can be excised en-bloc [63]. 
CM associated developmental venous anomalies should be 
spared during microsurgical resection. More research is needed to 
provide good evidence to define the relative roles of microsurgery, 
SRS, and conservative treatment in the management of CM. 

Gamma knife radiosurgery 
Location is the most important factor that determines the natu-

ral history of CM [63]. The eloquent and deep area CM have the 
high risk of increased morbidity after repeated bleeding. Supra-
tentorial CM lesions have relatively lower annual bleed rate and 
lower risk of neurologic deficits. Goals of GKS are to reduce the 
risk of rebleeding, reduce neurologic deficits, and reduce the risk 
of adverse radiation effects. GKS has been effectively performed 
for ruptured and deep-seated CMs in the cerebral hemispheres, as 
well as basal ganglia regions such as the thalamus, caudate nucle-
us, pallor and inner capsule, or the brainstem and cerebellum. In 
CM patients with a history of multiple bleeding, the annual re-
bleeding rate was 32% before SRS treatment, but decreased to 
1.5% within 2 years after SRS treatment. They found overall hem-
orrhage rates of 2.0% to 6.4%, overall post-radiosurgery hemor-
rhage rates of 1.6% to 8%, and stratified post-radiosurgery hemor-
rhage rates of 7.3% to 22.4% in the period immediately to 2 years 
after treatment; these latter rates declined to 0.8% to 5.2% > 2 
years after treatment [54,61,64]. To reduce the rebleeding rate, 
the following GKS indications are recommended: 1) Clinically 
significant one or more bleeding; 2) Typical CM confirmed on 
MRI; 3) Excludes actual AVM or DVA; 4) If multiple CM is pres-
ent, only symptomatic hemorrhagic CM; 5) When the patient 
cannot accept the expected risk during surgical removal. GKS is 
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considered when new symptoms develop in patients without neu-
rological deficits or in patients with disabilities [35]. CM lesion 
regression may occur on post GKS follow-up MRI. The disap-
pearance of the lesion after radiosurgery for CM may not be con-
firmed by imaging. After CM radiosurgery, regular MRI follow-up 
and long-term evaluation are recommended for possible side ef-
fects. Though it is very difficult to accurately define the radiosur-
gical target of CM, in general, the target is defined as the area seen 
as a mixed signal located inside the ring, which is seen as low sig-
nal intensity due to hemosiderin around the lesion on MRI. The 
general dose planning method is to exclude the hemosiderin ring 
and the bleeding site around the lesion because it contains adja-
cent brain tissue [17,19]. Patet et al. [24] reported that radia-
tion-induced cavernosum malformation (RICM) is a delayed 
complication induced by childhood irradiation. Its natural history 
is largely unknown and its incidence may be underestimated as 
RCIMs tend to develop several years following radiation. No clear 
consensus exists regarding the long-term follow-up or treatment. 
Authors reported that RICM patients received radiation therapy 
with an average dose of 50.0 Gy, and the average age was 7.3 years, 
with a boy dominance rate of 54%. On average 9.2 years after 
brain irradiation, approximately 2.6 RICMs were detected per 
child in the frontal (35%) and temporal (34%) lobes away from 
the primary lesion. Asymptomatic (67%) or bleeding (21%) was 
present. All but two children had good clinical results. The au-
thors suggested follow-up for at least 15 years after radiation ther-
apy in children. When RICM treatment is asymptomatic, lesions 
can be observed. In addition to radiosurgery, CM management 
strategies include close and meticulous follow-up, AED therapy, 
and minimally invasive microsurgery. Decision making for clinical 
treatment is not always straightforward. A nuanced approach, 
controlled by experience and good judgment, is critical to achiev-
ing good clinical outcomes. Conservative management and ob-
servation are therefore favored for all patients with solitary CM 
who are asymptomatic [9]. 

Dose plan and irradiation in Gamma knife radiosurgery 
SRS was carried out using a Gamma Knife Model (Elekta AB, 

Stockholm, Sweden). Under the scalp local anesthetic injection, 
the procedure began with application of a model G Leksell stereo-
tactic frame (Elekta Instruments) to the patient’s head. After at-
tachment of a fiducial system to the frame, all patients underwent 
MRI. A high-definition computed tomography scan was addition-
ally taken as needed. Stereotactic MRI, including contrast-en-
hanced T1WI, T2WI, three-dimensional (3D) Time-Of-Flight 
magnetic resonance angiography, 3D-GRE, was important to ex-
plain CM. To investigate and follow-up, SWI or GRE is requested. 

MRIs were exported to the Gamma-Plan (Elekta AB) to perform 
a dose-plan. The radiosurgery target margin is the mixed signal 
change area within the T2-defined hemosiderin rim surrounding 
the CM (Fig. 1). The dose plan was established in a single or mul-
tiple isocenter considering the conformity and selectivity of the 
target. Acute or subacute hemorrhage was excluded from the dose 
planning, because iron breakdown products may be a radiation 
sensitizer. To deliver a highly conformal dose to the CM, multiple 
small isocenters were used. The CM in the anterior part of the 
brain stem requires careful dose planning considering the ventral 
corticospinal tract. Care should be taken not to include DVA ob-
served near the lesion. The radiation dose tends to decrease com-
pared to the initial stage. Karlsson et al. [22] initially prescribed a 
radiation dose of 20 Gy by applying GKS for AVM, but reduced it 
to 18 Gy due to radiation-induced complications. After that, a 
marginal dose of 15 Gy was applied. Pollock et al. [40] 18 Gy, 
Kondziolka et al. [65], and Liscak et al. [66] applied a marginal 
dose of 16 Gy and tried to reduce ARE. Azimi et al. [67], and Park 
and Hwang [68] prescribed a low marginal dose of 13 Gy on aver-
age (Table 2) [19,22,29,40,66-72]. In 2019, Lunsford et al. [32] 
wrote that the median radiation dose to the CM margin was 13 
Gy to reduce hemorrhagic risk and radiation-induced complica-
tions. The maximal radiation doses varied between 20 and 34 Gy, 
and the marginal doses varied between 10 and 17 Gy. The median 
marginal dose was 13 Gy in the medulla oblongata, 13 Gy in the 
pons, and 13.5 Gy in the midbrain. The 50% isodose line was 
used for the margin. After SRS, methylprednisolone injection 
used to be recommended and were discharged from the hospital 
within a day. For advanced GKS management and research on 
CM, the following factors should be considered. Active discus-
sion and sufficient preparation are required to establish a compar-
ative study of the control group. The classification of periopera-
tive bleeding, the natural history of CM, the consistency of the 
CM patient group should be included with multidisciplinary 
treatment plan. 

CONCLUSION 

SRS for cerebral CMs has been effectively and widely used re-
cently. Advances in MRI and radiosurgery, as well as better studies 
of natural history, are evidence. Complementing microsurgery 
and conservative treatment, SRS is an important treatment op-
tion. The application of GKS to CM has evolved from experimen-
tal attempts to treat aggressive inoperable lesions. If symptomatic 
cerebral CM is present in deep, eloquent areas, the use of SRS for 
CMs located in the brainstem, thalamus, basal ganglia, or inner 
capsule should be considered. Because the cumulative morbidity 
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Fig. 1. Gamma knife radiosurgery for a brainstem cavernous malformation with developmental venous anomaly. Radiation dose 
planning for a cavernous malformation (CM) in the ponto-mesencephalic region of the brainstem. We used the fast spoiled gradient 
echo method of three-dimensional magnetic resonance imaging. The CM was treated with a radiation dose of 13 Gy at the 50% pre-
scription isodose line within the hemosiderin rim as a key for modern CM radiosurgery. The bilateral cerebellar developmental venous 
anomalies associated with this lesion are also visible on axial T1-weighted (A) and T2-weighted (B) images.
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of recurrent bleeding is acknowledged and, on the other hand, the 
risk of radiation-induced side effects is low, immediately after the 
first bleeding, the patient is willing to treat after recovery and res-
olution of the hematoma. We acknowledge that SRS in the treat-
ment of CM remains controversial. SRS requires more high-level 
medical researches. 
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서론

1960년 Hassler 등[1]이 추체외로운동질환에서 정위수술의 생리적 반응을 토대로 

이상운동증에 정거장 역할을 하는 시상핵의 역할을 발표한 1960년대 이후 시상의 중

간복측핵(ventral intermediate nucleus, VIM)이 약물로 조절되지 않는 떨림(tremor)의 

수술에 가장 효과적인 부위로 알려졌다. 고주파를 이용한 시상파괴술(thalamotomy)

을 유용한 치료법으로 이용해 왔으나 시상의 뇌심부자극술(deep brain stimulation, 

DBS)이 양측의 시상파괴술보다 효과적이며 부작용이 적어 1997년에 미국식품의약

청(Food and Drug Administration, FDA) 승인을 받았으며, 가장 우수한 치료법으로 인

정받고 있다[2,3]. 이후 감마나이프, 그리고 2016년에 FDA 승인을 받은 자기공명영

상유도하 고집적초음파(magnetic resonance-guided focused ultrasound)를 이용한 시상

파괴술이 국내에서도 시행되고 있다[4,5]. 약물로 조절되지 않는 본태떨림(essential 

tremor)에서 시상의 DBS가 효과적으로 떨림 조절을 할 수 있음에도 환자들의 치료방

법 선택에 있어 DBS의 기계 삽입 및 침습적 수술로 여전히 보편화되지 못하고 있으

며, 다른 시상파괴술의 수술방법에도 제약이 있어 수술치료의 적응증이 되는 본태떨

림을 가진 환자들의 삶이 불편함을 겪고 치료가 지연되는 경우가 많다. 시상파괴술의 

중요한 합병증으로 근긴장저하와 감각이상 등이 있다. 고주파 열치료는 DBS와 같이 

본태떨림 완화를 위한 손목에 착용한 
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Review Article

Transcutaneous afferent patterned stimulation (TAPS), also referred to as non-in-
vasive peripheral nerve stimulation, at the wrist provides a promising option for 
the management of essential tremor. This new wrist-worn neuromodulation 
method avoids the risks of surgical interventions and can be easily used at home. 
TAPS therapy is indicated to aid in the temporary relief of hand tremors following 
stimulation in adults with essential tremor. No serious device-related side effects 
have been reported. Future studies will be needed to determine the optimal pa-
rameters of stimulation. This article introduces a wrist-worn TAPS device and re-
views the tremor-reducing mechanism and the clinical effectiveness of TAPS 
therapy for essential tremor.

KEY WORDS: Transcutaneous nerve stimulation, Percutaneous neuromodula-
tion therapy, Essential tremor
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실시간 임상적 반응 평가가 가능하나 그에 따른 침습적 수술에 따른 

문제점이 있으며, 감마나이프 방사선수술은 실시간 임상 반응 평가를 

할 수 없고 지연성 효과와 병변의 크기의 부정확성 등이 있다. 최근에 

자기공명영상유도하 고집적초음파 수술은 다른 수술 방법에 비해 비

교적 안전하게 적용할 수 있으나 폐쇄공포증, 두개골이 두꺼운 경우

에는 적용하기 어려우며 수전증의 일측에만 적응증이 된다.

최근에는 비침습적말초신경자극(non-invasive peripheral nerve 

stimulation), 일명 경피적구심성패턴자극(transcutaneous afferent 

patterned stimulation, TAPS) 요법이 2018년에 본태떨림에서의 사용

을 위해 FDA 승인을 받았다[6]. 이는 비침습적인 신경조절 치료로 

말초신경 자극을 위하여 손목에 착용하여 전극 자극을 주는 장치로 

손쉽게 이용할 수 있는 이점이 있다. 저자는 TAPS의 치료 작용 기전, 

기기 소개와 치료 효과에 대해 문헌고찰을 통해 소개하고자 한다.

작용 기전

떨림은 율동적인 불수의적인 진동으로서 심한 병적 진전인 경우에 

일상생활에 장애를 일으킬 수 있다. 본태떨림은 성인에서 가장 흔한 

형태의 진전으로 4–12 Hz의 자세떨림(postural tremor) 혹은 활동떨

림(action tremor)의 특징을 갖고 있다[7,8]. 상지에서 가장 흔하게 발

생하며 머리, 목소리, 체부 혹은 하지에서도 발생할 수 있다. 본태떨

림은 병태생리학적으로 대뇌 피질-뇌교-소뇌-시상-대뇌 피질로 연

결되는 신경회로 내의 병적인 진동 활동(oscillatory activity)의 결과라

고 일반적으로 알려져 있다[9,10]. 시상의 VIM이 떨림을 조절하는 

데 특히 중요한 역할을 하고 VIM에 소뇌의 입력의 소실은 시상-대

뇌 피질 부위에 떨림의 밑바탕이 되는 병적인 진동으로 이어진다

[11-13].

손목의 말초신경으로부터 구심성 신경전달은 시상의 VIM과 미복

측핵(ventral caudalis nucleus) 사이 경계 근처에 위치하게 되는데 이 

부위는 진전의 감소를 위한 수술 목표점과 겹치는 부위이다[12,14]. 

DBS 전극을 VIM에 삽입한 본태떨림 환자를 대상으로 한 정중신경

(median nerve) 자극의 체성감각 유발 전위(somatosensory evoked po-

tential, SEP)로 시상과 두피의 SEP를 시행한 연구에서 정중신경의 

SEP가 대뇌 피질에 신호를 보내고 난 후에도 VIM은 활성화된 상태

로 남아 있었고 대뇌 피질로 전달되는 과정에서 VIM으로 이행되는 

연결을 보였다[15]. 본태떨림 환자를 대상으로 손목의 근전도검사와 

뇌파검사를 동시에 측정한 검사에서 떨림 주파수가 일치하는 결과를 

보였다[7]. TAPS는 환자의 측정된 본태떨림의 주파수를 이용하여 정

중신경과 요골신경을 반복적으로 자극하여 발생한 활동전위를 시상

에 전파한다. 신호를 받은 VIM과 대뇌 피질에 반복되는 파열(burst) 
반응을 가진 특정한 떨림 신경세포들이 시상-대뇌 피질의 병적인 진

동 활동의 동기화(synchronization)를 유발하여 관련된 신경회로를 

조정하여 떨림을 감소시킨다고 추정한다[16,17]. 그러나 파열 반응의 

SEP의 역할에 대해서는 더 연구가 필요하다. 감각신경계의 파열 신

경세포들은 억제성과 흥분성의 기능을 가진 형태들이 알려져 있다

[18,19]. 최근에 Mayo Clinic에서 본태떨림 환자를 대상으로 TAPS 요

법를 치료받고 증상 호전을 보였던 환자들에서 18F-fluorodeoxyglu-

cose를 사용한 양전자방출단층촬영상에서 동측의 소뇌 반구에서 대

사과다증(hypermetabolism)과 반대측의 소뇌반구에서는 대사저하증

(hypometabolism)을 보였다. 이들의 떨림 증상의 호전은 TAPS 요법

이 소뇌의 대사과정의 변화를 통한 소뇌-전운동피질을 연결하는 신

경회로와 연관성을 보여준다[20]. 한편 가능성이 있는 다른 작용 기

전으로 감각 입력의 조작에 의한 신경회로의 조절에 따른 떨림 감소

에 대한 연구도 필요하다[21].

경피적구심성패턴자극 장치의 구성 및 사용법

본태떨림 완화를 위한 비침습적인 신경조절 치료로 말초신경을 자

극하기 위하여 손목에 착용하여 사용하는 장치로 FDA에 승인을 받

은 기기는 Cala Trio device (Cala Health, Inc., Burlingame, CA, USA)이

다[6,22,23]. 이 장치는 전기 자극기(electrical stimulator) 1개, 탈부착 

밴드(detachable band) 1개와 장치 거치대(base station)로 구성되어 있

다. 손목에 착용하는 장치는 손목시계 모양과 유사하다. 시계의 모양

에 해당하는 전기 자극기는 시계의 줄에 해당되는 탈부착 밴드에 부

착하여 사용한다(Fig. 1A). 전기자극기는 밴드에 자극 패턴을 전달하

고 떨림 주파수를 측정하는 가속도계(accelerometer) 센서가 있다. 장

치 거치대는 전기 자극기 장치를 충전한다. 탈부착 밴드에는 손목의 

정중신경과 요골신경 위에 부착하는 활동 전극(active electrode) 2개, 

반대편 손목의 등쪽(dorsal side)에 부착하는 1개의 전극이 있다(Fig. 

1B). 자극하는 손에 따라 좌측 손목용과 우측 손목형이 있다. 손목 

둘레 굵기에 따라 소(13.5–15.4 cm), 중(15.5–17.4 cm), 대(17.5–19.5 

cm)의 크기와 전극들은 2.2 × 2.2 cm 사각형의 hydrogel electrodes로 

손목 굵기에 따라 전극 사이 간격이 소(1.3 cm), 중(1.8 cm), 대(2.3 

cm)로 배열되어 있다. 부착은 떨림이 심한 손에 하며, 양측 손의 떨

림의 세기가 비슷한 경우에는 자주 사용하는 손(dominant hand)에 한

다. 손목에 착용하기 전에 특별한 다른 피부 처치 준비는 필요하지 

않지만 물에 손목 주변을 적셔주고 가볍게 닦는다.

기기의 사용을 위해서는 손목 밴드 장치를 손목에 정중신경과 요

골신경 위에 활동 전극이 닿도록 바르게 착용한다. 손 떨림의 주파수

를 측정하기 위해 양손을 앞으로 뻗은 자세를 유지하는 자세를 20초

간 취한다(Fig. 2). 기계 장치는 중간의 10초간 발생하는 떨림의 최대

주파수를 측정하여 개별 특정한 자극을 위한 파형(waveform)으로 변

환시켜 준다. 자극 파형은 떨림 주파수와 동일한 주파수로 중앙신경

과 척골신경 간의 교차로 된다. 자극은 주파수(frequency) 150 Hz에 

펄스 폭(pulse width)은 300 μsec, 그리고 펄스 사이 50 μsec 펄스 간 

주기로 균형 잡힌 양극 펄스로 이루어져 있다. 자극 세기는 0.25 mA 
단계로 정중신경과 척골신경의 말초신경의 감각영역인 손과 손가락

에 감각이상(paresthesia)이 나타날 때까지 단계적으로 높여서 감각이

상, 근육수축의 부작용들이 유발되지 않는 안정된 반응을 보이는 최

고 세기의 단계에서 최종적으로 프로그래밍을 세팅한다. 일반적으로 

한 번의 자극 시 40분 동안 하루 2회씩 시행한다.
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임상효과

Lin 등[24]은 본태떨림 환자 23명을 대상으로 무작위적 맹검연구

에서 TAPS 요법으로 치료받은 환자군이 치료받지 않은 대조군에 비

해 본태떨림의 손 떨림이 60%에서 유의 있는 감소를 보여주었으며 

부작용은 3명의 치료 받은 군에서 전극을 붙인 부위에 일시적인 발

적, 가려움 외에는 기계와 관련된 다른 부작용은 발생하지 않았다고 

보고하였다. Pahwa 등[22]은 본태떨림 환자 77명을 대상(자극 치료 

대상군 40명, 치료받지 않은 대조군)으로 손목에 착용하는 말초신경

자극장치인 Cala device를 이용하여 일회성 40분간 자극 치료 후 즉시 

평가한 자극 치료를 받은 군에서 치료를 받지 않은 대조군에 비해 상

지 떨림의 Archimedes spiral drawing scores상에서는 유의 있는 효과를 

보여주지 않았으나 객관적인 일상생활척도에서 치료 받은 군(49% 

감소)이 치료받지 않은 대조군(27%)에 비해 유의 있는 효과를 보여 

주었다. 부작용으로 2명의 치료받은 군에서 피부 자극 반응을 보였

으나 경증이었고 저절로 24시간 내에 소실되었다. Yu 등[23]은 본태

떨림 환자 15명을 대상으로 TAPS 요법으로 40분간 치료한 후 적어

도 1시간 이상 상지 떨림의 감소를 볼 수 있었다고 보고하였다. Isaa-

cson 등[6]은 26개의 병원에서 본태떨림 환자 263명을 대상으로 Cala 

device를 이용하여 가정에서 하루에 2회 3개월간 사용한 최종 205명

의 환자의 전향적인 연구결과를 발표하였다. 치료 전과 비해서 

21,806 횟수로 치료한 후에는 본태떨림 평가척도상 62%, 환자평가 

일상생활척도상 68%에서 떨림의 정도가 고도 혹은 중등도에서 경도 

혹은 미미한 정도로의 호전을 보였으며, 장치의 가속도계로 측정한 

결과 환자의 92%에서 호전을 보였다. 환자의 54%에서 떨림 힘(trem-

or power)은 50% 이상의 호전을 경험하였다. 기기 장치와 관련한 부

작용(손목 불편, 피부 자극, 통증)은 환자의 18%에서 발생하였으나 

심각한 부작용은 없었다. TAPS 요법의 금기증은 전기 장치가 몸에 

Fig. 1. A wrist-worn neuromodulation device for transcutaneous afferent patterned stimulation. (A) Electrical stimulator. (B) Detach-
able band with electrode placement.

Fig. 2. Outstretched posture held for device calibration.
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이식된 환자, 손목에 삽입된 금속이 있는 환자, 간질이나 경련 발작 

질환이 의심되거나 진단된 환자, 손목에 피부 질환을 앓고 있거나 치

료받은 병력이 있는 환자, 임신이 의심되거나 임신한 환자에 해당된

다. 사용하지 말아야 할 경우는 수면중, 목욕중, 운전중, 혹은 기계를 

작동하고 있는 중, 그리고 목, 가슴, 혹은 머리에 개방 상처가 있거나 

발진, 피부 감염이 있는 경우이다. 부작용으로 손목의 피부에 닿는 

부위에 경도에서 중등도의 피부 자극 반응(전기 자극 화상, 발진, 가

려움)이 발생할 수 있다.

결론

비침습적인 신경조절 치료로 말초신경 자극을 위하여 손목에 착용

하여 전극 자극을 주는 TAPS 요법은 약물로 조절되지 않는 본태떨림

을 가진 성인 환자에서 치료 받은 손 떨림에 일시적인 완화에 도움을 

준다. 기존의 다른 수술 치료 방법에 비해 일시적인 피부 자극에 대

한 반응 이외에는 심각한 부작용은 없고 손쉽게 접근이 가능한 이점

이 있다. 본태떨림의 효과적인 치료의 효과를 위해 자극기 프로그램 

조절에 대한 연구들이 필요하다.
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INTRODUCTION 

Blepharospasm is a disease in which the closure rate of the bilateral eyelids in-
creases, mainly due to involuntary contraction of the orbicularis oculi, procerus 
and corrugator muscles [1,2]. 

Blepharospasm, oromandibular dystonia, and Meige syndrome are different 
from each other but closely related. Meige syndrome is characterized by combi-
nation of cranial involvement, includes blepharospasm and involuntary oroman-
dibular dystonia movement. Most researchers and clinicians believe that Meige 
syndrome, blepharospasm, and oromandibular dystonia are not one single entity, 
but a multi-factor origin clinical syndrome [3]. 

Medical treatment of these conditions has generally been unsuccessful and lim-
ited due to adverse side effects [3]. Although, botulinum toxin has been shown to 
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Clinical Article
Objective: Blepharospasm (BSP) is a disease in which the closure rate of the bi-
lateral eyelids increases, mainly due to involuntary contraction of the orbicularis 
oculi, procerus, and corrugator muscles. The objective of this study was to report 
postoperative outcomes after deep brain stimulation (DBS) in 10 cases of pure 
BSP after at least 12 months of follow-up. 
Methods: Ten patients with pure BSP who underwent bilateral globus pallidus 
interna (GPi) DBS at The Catholic University of Korea, Incheon St. Mary’s Hos-
pital, between 2019 and 2021 were included. The Burke-Fahn-Marsden dystonia 
rating scale (BFMDRS), Blepharospasm Disability Index, and Jankovic Rating 
Scale were used for analysis before surgery, at 6 months of follow-up as short-term 
outcomes, and at follow-up over 1 year (12–37 months) as long-term results. 
Results: The median age of patients at surgery was 56.5 years (interquartile range 
[IQR], 50.5–65.8 years) and the median length of time from disease onset to the 
time of surgery was 58.0 months (IQR, 46.8–64.3 months). The median postop-
erative follow-up period was 22.5 months (IQR, 15.3–29.0 months). The median 
BFMDRS movement subscale scores at the three time points (preoperative base-
line, 6 months, and over 1 year of follow-up) were 7.0 (IQR, 6.0–8.0), 4.5 (IQR, 
3.9–6.0; 35.7% improvement, p<0.001), and 3.8 (IQR, 2.8–5.3; 45.7% improve-
ment, p=0.002), respectively. 
Conclusion: Bilateral GPi DBS for pure BSP can be effective if conservative 
treatment options fail. Its benefit is not only observed in the short term, but is 
also maintained during long-term follow-up. 

KEY WORDS: Blepharospasm, Meige syndrome, Deep brain stimulation  
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be effective for many dystonic features including blepharospasm, 
many patients show diminished response over time [4,5]. Some 
patients become resistant to continuous treatment because anti-
bodies develop [5]. To treat these disease surgically, stereotactic 
ablation techniques targeting the thalamus or the globus pallidus 
interna (GPi) have been used for several years with variable re-
sults [6-10]. 

The Application of deep brain stimulation (DBS) to various 
movement and nonmovement disorders has increased interest in 
the treatment of severe forms of medically refractory dystonia. In 
particular, the GPi was an effective target for primary generalized 
dystonia [11-15]. There have also been several reports of the 
good efficacy of GPi DBS for craniocervical dystonia or Meige 
syndrome [16-23]. 

Blepharospasm can be the most incapacitating symptom, 
whether focal or part of Meige syndrome. There have been rare 
case reports of using GPi DBS for pure blepharospasm [24,25]. 

The objective of this study was to report our results about post-
operative outcome after DBS in total of 10 cases of pure blepharo-
spasm after at least 12 months follow-up. 

MATERIALS AND METHODS 

Patients 
Ten patients with pure blepharospasm who underwent GPi 

DBS at The Catholic University of Korea, Incheon St. Mary’s 
Hospital between 2019 and 2021 were included in this study. All 
patients were evaluated by movement disorders specialists com-
posed of neurosurgery, neurology and rehabilitation medicine 
team at our center. The patients suffered severe disease-related 
functional impairment with unsatisfactory outcomes after oral 
pharmacotherapy, which included the use of benzodiazepines, an-
ticholinergic agents, antispasmodic agents, and antiepileptic 
agents. All the patients also showed poor response to botulinum 
toxin injections. Five patients also tried some alternative therapies 
including physical therapy and acupuncture. Brain magnetic reso-
nance imaging (MRI) demonstrated no structural lesion as a pos-
sible cause for their dystonia. Preoperative and postoperative 
Burke-Fahn-Marsden dystonia rating scale (BFMDRS) move-
ment subscale (BFMDRS-M) scores (range 0–120), Blepharo-
spasm Disability Index (BSDI, range 0–24), and Jankovic Rating 
Scale ( JRS, range 0–8) were counted for each patient at 6 months 
and over 1 year after surgery. 

Ethical statements 
The present study protocol was reviewed and approved by the 

Institutional Review Board (IRB) of Catholic Medical Center at 

the Catholic University of Korea (IRB approval No. OC18RE-
SI0108). Informed consent was obtained by all subjects when 
they were enrolled. 

Statistical analysis 
Statistical significance of changes in clinical rating scales at 6 

months and over 1 year compared with baseline was assessed us-
ing the Wilcoxon signed rank test (paired). A significance thresh-
old of 0.05 was used, and all analyses were conducted using IBM 
SPSS Statistics 25 (IBM Corp., Armonk, NY, USA).  

Surgical procedures  
All surgical procedures were performed under general anesthet-

ics. The GPi was used for DBS target. Based on anterior and pos-
terior commissures, initial GPi coordinates were 3 mm anterior 
and 3 mm inferior to the midcommissural point and 22 mm later-
al to the mid-line. In addition to the above indirect targeting mea-
sures, direct targeting was implemented based on MRI performed 
on the day of surgery in an attempt to compensate for individual 
variations. We established entry/target points and the entire tra-
jectory using planning software (Medtronic Stealthstation Plan-
ning software; Medtronic, Dublin, Ireland) to avoid the sulci, ven-
tricle, and vessels along the trajectory. For the GPi, the trajectory 
was planned to be lateral to the ventricle, traverse the posterior 
GPi, and terminate above the optic tract. In the operative field, we 
usually placed the burr hole about 0.5–1 cm anterior to the coro-
nal suture and 3.5–4 cm from the midline. Microelectrode inser-
tion was done 3 mm above the target using three concentric bipo-
lar tungsten microelectrodes (central, anterior, lateral) driven si-
multaneously by an Elekta MicroDriveTM (Elekta, Stockholm, 
Sweden) at incremental depths of 0.5 mm until 2 mm above the 
target and then 0.2 mm in depth. Intraoperative electrophysiology 
was performed using a LeadPoint system® (Medtronic, Tokyo, Ja-
pan) to locate and confirm GPi neuronal activity. Medtronic® 
3389 quadripolar (Medtronic, Minneapolis, MN, USA) or Ab-
bott® (Abbott Neuromodulation, Austin, TX, USA) or Boston 
scientific® directional electrodes (Boston Scientific, Marlbor-
ough, MA, USA) were implanted bilaterally. At a subsequent sur-
gery, DBS electrodes were connected to an implantable pulse 
generator. Postoperative nonenhanced brain computed tomogra-
phy imaging was performed to confirm the accuracy of electrode 
placement in the GPi and check postoperative complications such 
as intracerebral hemorrhage. 

RESULTS 

Clinical characteristics and individual demographic profiles of 
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patients are summarized in Table 1. The median age of patients at 
surgery was 56.5 years (interquartile range [IQR], 50.5–65.8 
years) and the median length of time from disease onset to the 
time of surgery was 58.0 months (IQR, 46.8–64.3 months). The 
median postoperative follow-up period was 22.5 months (IQR, 
15.3–29.0 months). 

Preoperatively, all the patients received medical treatments for 
management of their symptoms. Seven patients received benzodi-
azepines. One received antispasmodic drugs (baclofen). One re-
ceived antiepileptic agents (topiramate). One received Gabapen-
tin. Two received other agents such as muscle relaxant. Two re-
ceived antidepressant agents (selective serotonin reuptake inhibi-
tor, selective serotonin noradrenalin reuptake inhibitor). Eight of 
10 patients (80.0%) received multiple drugs combination for 
managing their symptoms. All patients had an alternative treat-
ment history with botulinum toxin injections before surgery. At 

the last follow-up, although all the patients were continuing medi-
cation, there was a decrease in the number or doses of medica-
tions in three of eight patients who were taking multiple drugs. 

In terms of postsurgical outcome, The median of BFMDRS-M 
scores at the three time points (preoperative baseline, 6 months, 
and over 1 year of follow-up) were 7.0 (IQR, 6.0–8.0), 4.5 ([IQR, 
3.9–6.0], 35.7% improvement, p < 0.001), and 3.8 ([IQR, 2.8–
5.3], 45.7% improvement, p = 0.002), respectively (Table 2, Fig. 
1). Of all patients, one showed substantial improvement in symp-
toms (over 80% of BFM improvement at the last follow-up). Five 
patients showed the best benefit at a short-term interval as well 
(Table 2). As compared with baseline values, the majority of 
movement subscores had decreased at month 6 and remained sta-
ble for over 1 year. 

At the three time points, BSDI and JRS were checked as well. 
Similar to results of BFMDRS-M, improvement rate of JRS was 

Table 1. Patient’s individual demographic profiles and clinical characteristics

Patient No. Sex Age at 
surgery (yr)

Age at onset 
(yr)

Duration of 
disease 

(mo)
Medication before surgery

Botulinum toxin 
injections before 

surgery
Medication after surgery

1 M 50 46 59 Clonazepam, muscle relaxant + Clonazepam
2 F 50 44 76 Baclofen, clonazepam + Baclofen, clonazepam
3 F 57 53 57 SSRI, muscle relaxant + Clonazepam
4 F 52 48 59 Clonazepam + Clonazepam
5 F 70 69 23 Clonazepam, muscle relaxant + Clonazepam, alprazolam
6 M 56 53 49 Clonazepam, muscle relaxant + Clonazepam, trihexyphenidyl
7 F 68 58 127 Clonazepam, SSRI, gabapentin + Clonazepam, alprazolam
8 M 42 41 15 Clonazepam, topiramate + Clonazepam, alprazolam, 

procyclidine
9 F 65 60 66 Muscle relaxant + Clonazepam
10 F 66 63 46 BDZ, SSNRI + Clonazepam

M: male, F: female, SSRI: selective serotonin reuptake inhibitor, BDZ: benzodiazepine, SSNRI: selective serotonin noradrenalin reuptake 
inhibitor.

Table 2. Serial BFMDRS-M scores at baseline and at 6 months and over 1 year after surgery with the overall improvement rate

Case Preoperative BFMDRS 6 months BFMDRS Over 1 year BFMDRS
Improvement rate (%)

Short term Long term
1 8 6 5 25.0 37.5
2 8 6 6 25.0 25.0
3 6 4.5 4.5 25.0 25.0
4 8 6 4.5 25.0 43.8
5 6 4.5 3 25.0 50.0
6 8 4.5 3 43.8 62.5
7 6 4.5 3 25.0 50.0
8 6 4.5 6 25.0 0
9 6 2 2 66.7 66.7
10 8 1 0.5 87.5 93.8
Median (IQR) 7.0 (6.0–8.0) 4.5 (3.9–6.0) 3.8 (2.8–5.3) 35.7 (25.0–49.5) 45.7 (25.0–63.5)

BFMDRS-M: Burke-Fahn-Marsden dystonia rating scale movement subscale, IQR: interquartile range.
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41.7% (p < 0.001) and 50.0% (p < 0.001) at 6 months and over 1 
year after surgery, respectively. However, improvement rate of BSDI 
was 54.8% (p < 0.001) and 61.3% (p < 0.001) respectively for 6 
months and over 1 year, slightly better than BFMDRS-M and JRS 
improvement rates (BSDI in Table 3, Fig. 2; JRS in Table 4, Fig. 3). 
All 10 patients who participated in our study had no postoperative 
complication such as hemorrhage and infection. There are summa-
rized each scales and improvement rates in Table 5.  

Stimulation parameters for the 10 patients are presented in Fig. 
4. Of a total of 20 electrodes implanted in these 10 patients, nine 
patients were on a monopolar stimulation, and the rest one pa-
tient was on a bipolar stimulation at the last follow-up. The medi-
an voltage or current was 3.93 V (IQR, 3.63–4.18 V) (or mA) on 
the left and 3.80 V (IQR, 3.63–4.06 V) (or mA) on the right. All 
patients showed a stimulus intensity of more than 3 V in ampli-
tude. The median pulse width was 75.0 μsec (IQR, 60.0–90.0 
μsec) on the left and 80.0 μsec (IQR, 62.5–90.0 μsec) on the 
right. The median frequency was same value as 174 Hz (IQR, 
162.5–180 Hz) in both sides. Six out of 10 patients were implant-
ed using directional lead manufactured by Boston scientific® or 
Abbott®. 

DISCUSSION 

Terms of blepharospasm, oromandibular dystonia, and cranio-
cervical dystonia are used to describe a focal or segmental dysto-
nia whereby involuntary contraction of facial, masticatory, lingual 
with or without cervical muscles result in sustained and forceful 
movement of the related musculature. As a group of conditions 
that can affect the motor aspect of eye, upper and lower face, 
mouth and hypoglossal cranial nerves, pure blepharospasm is an 
uncommon disease. It is easy to make a wrong diagnosis as it can 
resemble symptoms of many other facial movement disorders 
such as hemifacial spasm, tremor, tic, chorea, and stereotypies 
[26]. Therefore, the diagnosis of blepharospasm can be challeng-
ing. A lot of factors including patient’s physiologic and psycholog-
ical status and the clinician’s training can affect an accurate diag-
nosis at the time of presentation. 

Since Vercueil and coworkers [27] first reported the outcome 
of a bilateral GPi DBS in a patient with Meige syndrome, several 
studies have reported that the segmental dystonia responds to 
GPi DBS [28-37]. However, there were only three studies on the 
usefulness of GPi DBS in “pure” or “isolated” blepharospasm, and 

Fig. 1. Serial Burke-Fahn-Marsden dystonia rating scale (BFMDRS) movement subscale scores of each patient before surgery, 6 
months, and over 1 year after surgery. (A) Line chart of 10 patients at baseline, 6 months, and over 1 year following deep brain stimu-
lation (DBS). (B) Box plot of all cases at baseline, 6 months, and over 1 year following DBS.
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even that were single case studies [24,25,38]. Our study included 
the largest number of patients among studies reported up to date. 

According to Ostrem et al. [13], six cases with cranial-cervical 
dystonia showed a mean improvement rate of 86% based on the 
BFMDRS eyes score at 6 months postoperatively compared to 

baseline. Similarly, Sako et al. [33] described five patients with 
Meige’s syndrome who experienced 88% improvement of BFM-
DRS eyes score. Meanwhile, according to Reese et al. [39], 12 pa-
tients with Meige syndrome for up to 78 months after bilateral 
GPi DBS showed a mean eyes improvement rate of 38% after a 

Fig. 2. Serial blepharospasm Disability Index (BSDI) scores of each patient before surgery, 6 months, and over 1 year after surgery. 
(A) Line chart of 10 patients at baseline, 6 months, and over 1 year following deep brain stimulation (DBS). (B) Box plot of all cases at 
baseline, 6 months, and over 1 year following DBS.

Table 3. Serial BSDI scores at baseline and at 6 months and over 1 year after surgery with the overall improvement rate

Case Preoperative BSDI 6 months BSDI Over 1 year BSDI
Improvement rate (%)

Short term Long term
1 19 9 8 52.6 57.9
2 9 4 6 55.6 33.3
3 15 6 6 60.0 60.0
4 16 9 5 43.8 68.8
5 11 4 4 63.6 63.6
6 18 10 7 44.4 61.1
7 11 8 7 27.3 36.4
8 17 10 11 41.2 35.3
9 8 1 1 87.5 87.5
10 16 2 2 87.5 87.5
Median (IQR) 15.5 (10.5–17.3) 7.0 (3.5–9.3) 6.0 (3.5–7.3) 54.8 (43.1–69.6) 61.3 (36.1–73.4)

BSDI: Blepharospasm Disability Index, IQR: interquartile range.
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Fig. 3. Serial Jankovic Rating Scale (JRS) scores of each patient before surgery, 6 months, and over 1 year after surgery. (A) Line 
chart of 10 patients at baseline, 6 months and over 1 year following deep brain stimulation (DBS). (B) Box plot of all cases at baseline, 
6 months and over 1 year following DBS.

Table 4. Serial JRS scores at baseline and at 6 months and over 1 year after surgery with the overall improvement rate

Case Preoperative JRS 6 months JRS Over 1 year JRS
Improvement rate (%)

Short term Long term
1 8 4 5 50.0 37.5
2 6 3 3 50.0 50.0
3 6 5 3 16.7 50.0
4 8 6 3 25.0 62.5
5 5 3 3 40.0 40.0
6 7 4 4 42.9 42.9
7 6 2 4 66.7 33.3
8 6 5 5 16.7 16.7
9 4 2 2 50.0 50.0
10 8 1 1 87.5 87.5
Median (IQR) 6.0 (5.8–8.0) 3.5 (2.0–5.0) 3.0 (2.8–4.3) 41.7 (22.9–54.2) 50.0 (36.5–53.1)

JRS: Jankovic Rating Scale, IQR: interquartile range.

short-term follow-up (4.4 ± 1.5 months; p < 0.001) and a rate of 
47% after a long-term follow-up (38.8 ± 21.7 months; p < 0.001). 
Although our study was focused on pure blepharospasm, their re-
sult appeared to be similar to ours. 

Santos et al. [25] reported in 2016 the first case of pallidal stim-
ulation successfully done on pure blepharospasm, with 63% im-

provement rate of JRS score. This was soon followed in the same 
year by the report of Yamada et al. [24] of pure blepharospasm re-
sponding to bilateral pallidal DBS, with 87.5% improvement of 
BFMDRS score, 91.7% improvement of JRS score, 100% im-
provement of BSDI score, respectively. Evidente at al. [38] also 
reported the outcome of bilateral pallidal DBS for pure blepharo-
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Fig. 4. Stimulation parameters and long-term BFM improvement rates for all cases. Rt: right, Lt: left, M.SC: Medtronic Activa SC, 
M.RC: Medtronic activa RC, B.Ge: Boston Scientific Vercise Gevia, A.In: Abbott Infinity, A.Brio: Abbott Brio, A.Libra: Abbott Libra, Amp: 
amplitude, PW: pulse width, BFM: Burke-Fahn-Marsden. *Directional electrode is marked with an asterisk. Each contact is indicated 
according to the number shown in the accompanying figure above. †Stimulation with B.Ge or A.Brio/A.Libra/A.In was implemented 
by current-based compared to votage-based in M.SC/M.RC.

Table 5. Median scores and improvement rates of the BFMDRS-M scores, BSDI, JRS at three time points

Scale Baseline 6 months of follow-up Over 1 year of follow-up Short-term improvement (%) Long-term improvement (%)
BFMDRS-M 7.0 (6.0–8.0) 4.5 (3.9–6.0) 3.8 (2.8–5.3) 35.7 (25.0–49.5) 45.7 (25.0–63.5)
BSDI 15.5 (10.5–17.3) 7.0 (3.5–9.3) 6.0 (3.5–7.3) 54.8 (43.1–69.6) 61.3 (36.1–73.4)
JRS 6.0 (5.8–8.0) 3.5 (2.0–5.0) 3.0 (2.8–4.3) 41.7 (22.9–54.2) 50.0 (36.5–53.1)

Values are presented as median (range).
BFMDRS-M: Burke-Fahn-Marsden dystonia rating scale movement subscale, BSDI: Blepharospasm Disability Index, JRS: Jankovic Rating 
Scale.

Case Manufacturer Lt contact Amp 
(V or mA†)

Median PW 
(μsec) Rate (Hz) Rt contact Amp 

(V or mA†)
Median PW 

(μsec) Rate (Hz) BFM 
improvement (%)

1 B.Ge* 1-3- 4.2 90 170 1- 3.7 90 170 37.5
2 B.Ge* 3- 3.6 100 174 101112 3.6 100 174 25.0
3 M.RC 1-2+ 4.1 90 180 0- 4.1 70 180 25.0
4 M.RC 0- 3.7 60 180 0- 3.7 60 180 43.8
5 A.In* 1- 3.9 70 160 9- 3.9 70 160 50.0
6 B.Ge* 57- 4.6 80 174 1011- 4.5 90 174 62.5
7 B.Ge* 1- 3.5 40 185 9- 3.5 60 185 50.0
8 M.RC 0- 4.35 100 125 0- 4.35 120 125 0
9 A.In* 1- 3.4 60 150 9- 3.4 60 150 66.7
10 M.RC 1- 3.95 60 180 0- 3.95 90 180 93.8

spasm, with results of 100% improvement of BFMDRS and JRS 
score at 30 months. However, while those were all single case re-
ports, our study is meaningful in that more patients are included. 

In our study, one of patients (10.0%) had an improvement of 
more than 80.0% and four patients (40.0%) had 50% to 80% im-
provement rate compared to their baseline scores in terms of 
BFMDRS-M. The benefit was also sustained over the course of 
the last follow-up (until June 2022), although it waxed and waned 
depending on the patient’s condition at the day of the visit to the 
outpatient clinic. The results of BFMDRS-M and JRS scores were 
somewhat similar, but BSDI was slightly better than the others. 
BSDI is a quality of life form written by the patient oneself, but 
the other scorings are form in which the patient comes to the hos-

pital and evaluated by the medical staff. Therefore, it is possible 
that the symptoms that the patient usually feels in daily routine 
are evaluated better than the other scores. 

Moreover, the postoperative outcome could be affected to ge-
netic or individual heterogeneity [15], and how appropriately the 
operation was carried out. In perspective of the operation process, 
the specific type of dystonia, the choice of the target, the anatom-
ic location of the electrodes, and technical or human error during 
the procedure all could influence the therapeutic outcome [40-
42]. Besides, various factors such as postoperative patients’ physi-
ologic and psychologic status, inappropriate stimulation method 
applied during postoperative outpatient visit could limit favorable 
outcome. According to Wang et al. [43], Four factors such as 1) 
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the DBS target (subthalamic nucleus vs. GPi); 2) whether symp-
toms first appeared at multiple sites or at a single site; 3) the sub-
item scores of the mouth at baseline; and 4) the follow-up period 
could affect significant differences between the good and poor 
outcome after DBS of primary Meige syndrome. Although we 
have yet to find predictive factors affecting the outcome, large-
scale, prospective, randomized clinical trials and electrophysiolog-
ical or neuroradiological studies are warranted in the future. 

This study has several limitations. First, it was retrospective in 
nature and the outcome was collected by an unblinded rater. In 
addition, measures for dystonia disability scale in BFMDRS such 
as speech, handwriting, feeding, eating/swallowing, hygiene, 
dressing, and walking were not carried out. Although this should 
not cause a serious bias, it might have an impact on estimating the 
effectiveness of the treatment. 

CONCLUSION 

Bilateral GPi DBS in pure blepharospasm can be effective if 
conservative treatment options fail. The benefit is not only ob-
served at a short-term follow-up period, but also maintained at a 
long-term follow-up. While no definitive risk factors affecting fa-
vorable outcome are yet to be made for pure blepharospasm, fur-
ther studies in the future could clarify possible predictive factors 
affecting favorable outcomes. Results of this study along with 
those of other reports suggest that bilateral GPi DBS might be an 
effective treatment for medically refractory pure blepharospasm 
even in a long term. 
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INTRODUCTION 

In posterior fossa surgery, such as microvascular decompression (MVD), cere-
brospinal fluid (CSF) leakage is crucial problem. When there is damage to the an-
atomical barrier between subarachnoid spaces and the tympanic cavity, CSF rhi-
norrhea or otorrhea can occur from abnormal communication [1]. While the 
temporo-occipital bone is drilled out during surgery, the mastoid air cells can be 
opened and CSF can leak through this pathway. Most cases of ear fullness or con-
ductive hearing loss are from irrigation fluid. These symptoms resolve as fluid re-
absorbs within a few days after surgery. However if there are persistent symptoms, 
CSF leakage due to incomplete closure of dura and opened air cells must be con-
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Clinical Article

Objective: In posterior fossa surgery such as microvascular decompression 
(MVD), cerebrospinal fluid (CSF) leakage is a crucial problem. In this study, we 
explored the accurate diagnosis and effective non-surgical management of post-
operative CSF leakage. 
Methods: We reviewed 749 patients who underwent MVD surgery from August 
2018 to April 2022. Although we significantly reduced the CSF leakage problem 
by using the triple-layer closing technique (TLCT), CSF leakage was still a prob-
lem in a few cases. We managed these patients with the same diagnostic flow and 
treatment regimen using a lumbar drain (LD). 
Results: Among the 749 patients in the cohort, 11 (1.4%) had CSF leakage, and 
each of those cases presented with rhinorrhea. Five patients (45.5%) had the 
symptom on the first day, two patients (18.2%) on the second day, one patient 
(9.1%) on the third day, and three patients (27.3%) on the fifth day after surgery. 
After conservative treatment including CSF drainage via LD for 5.4 days on aver-
age, none of the patients had recurrent symptoms suggesting CSF leakage; thus, 
there was no need for wound repair surgery. 
Conclusion: Despite diligent attempts to prevent CSF leakage in open microsur-
gery, leaks inevitably occur in some cases and are more frequent in posterior fossa 
surgery. Although we cannot fully prevent leakage, we should limit the complica-
tion to ensure that it does not progress into other severe problems, such as menin-
gitis. A closing technique such as TLCT is useful, but the early diagnosis and 
management of CSF leakage with LD is also important. 

KEY WORDS: Microvascular decompression surgery, Cerebrospinal fluid leak, 
Posterior cranial fossa  
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sidered. Various symptoms can occur such as headache, nausea, 
ear fullness, and CSF rhinorrhea/otorrhea problems [1-3]. Fur-
thermore, CSF leakage can cause complications such as delayed 
wound healing, wound infections, and meningitis. Early diagnosis 
and treatment of CSF leakage is very important. Lumbar drain 
(LD) insertion and CSF diversion through the catheter is the first 
step of recent treatment modality for CSF leakage problem 
[2,4,5]. Although we significantly reduced CSF leakage problem 
by the triple-layer closing technique (TLCT), there were still a 
few patients of CSF leak. In this article we share our management 
process for CSF leakage from diagnosis to treatment and provide 
an analysis. 

MATERIALS AND METHODS 

From August 2018 to April 2022, 749 patients who underwent 
MVD surgery were retrospectively reviewed. All surgical proce-
dures were performed by single surgeon. In the surgical process, 
the temporo-occipital bone was drilled out. If the mastoid air cells 
were opened in this process, it was immediately sealed with bone 

wax. After finishing decompression, bone wax was applied again 
to secure, and the dura was sutured using the TLCT. TLCT is a 
wound closure technique performed in our clinic that includes 
the following steps: 1. putting a collagen matrix dural substitute 
(Duragen®; Integra Lifescience, Princeton, NJ, USA) on dura su-
tures and ties based on check valve principle, 2. covering with a fi-
brin sealant patch (Tachosil®; Corza Health, Del Mar, CA, USA) 
and fibrin sealant (Tisseel®; Baxter, Deerfield, IL, USA) that is 
spray over the area, and 3. bone cement is fixed to the occipital 
bone with screw and plate and perform dural tack-up suture to the 
plate to prevent CSF leakage and other complications such as epi-
dural hemorrhage (Fig. 1). 

Despite the meticulous wound reconstruction described above, 
some patients had CSF leakage symptoms such as CSF rhinor-
rhea, otorrhea. When a patient was suspected of CSF rhinorrhea, 
a glucose oxidase test was performed first. If the rhinorrhea con-
tains glucose, the specificity of the test for CSF can be improved 
by excluding other factors that increase the glucose concentration 
of a nasal discharge. If the nasal discharge is not blood stained, the 
blood glucose measured at the same time should be less than 6 

Fig. 1. The triple-layer closing technique used to close the dura in a watertight manner. (A) First, using thick silk material, the opened 
dura is sutured at three points. Two dural tack-up sutures for epidural hemorrhage prevention are made at the cranial and lateral 
sides of the opened wound. (B) Next, using thin silk material, the remnant dural portion is sutured and a collagen matrix (Duragen®) is 
tied upon it intermittently in a watertight fashion. (C) The previous steps are followed by covering it with double-layered fibrin sealant 
patch (Tachosil®) and spraying fibrin glue over it. (D) A bone cement flap is fixed with plates and screws, and the previous dural tack-
up sutures are tied to the plates.
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mmol/L (about 108 mg/dL). If there are no other symptoms of 
upper respiratory tract infection, such as sneezing, cough, sore 
throat, sputum, or purulent nasal discharge, then the likelihood 
that the discharge contains CSF is increased [6]. Temporal bone 
computed tomography (TBCT) was then performed for a patient 
with suspected CSF leakage. Fluid pooling in mastoid air cells and 
eustachian tube, which is the pathway to the nasal cavity was eval-
uated by TBCT. When there is prominent fluid pooling in mas-
toid air cells, we consulted otolaryngologist for middle ear exam. 
Ear drum findings were confirmed with otoscope, and hearing 
tests including pure tone audiometry and speech audiometry 
were performed because of their ear fullness and hearing difficulty 
symptoms. It was also important to distinguish conductive hear-
ing loss with sensorineural hearing loss. Ear drum puncture for 
sampling effusion was also considered to analyze whether the flu-
id was CSF, but the procedure did not perform in our cases be-
cause of infection concerns. Since none of the above findings 
could specifically confirm presence of CSF leakage, the possibility 
of CSF leakage was considered by aggregating above results and 
characteristics of patient’s clinical symptoms (e.g., onset, frequen-
cy, duration and amount of rhinorrhea). 

After aggregating the above findings, if the possibility of CSF 
leakage was high or certain, a subarachnoid LD catheter was in-
serted. In patients whose rhinorrhea symptoms appeared at a rela-
tively short time (1–2 days) after surgery, it was difficult to distin-
guish true CSF leakage with intraoperative irrigation saline or 
postoperative exudate at early stage of surgery. In these cases, the 
benefit versus risk of LD was contemplated and whether or not 
there was true CSF leakage should be determined as quickly as 
possible. On the other hand, if the symptoms appeared at a rela-
tively long time (5–6 days) after surgery, we regarded that it had 
high possibility of true CSF leakage. So, LD insertion was per-
formed without hesitation in those cases.  

If there were any suspicious symptoms of CSF leakage, absolute 
bed rest (ABR) was performed immediately. In cases whose 
symptoms was suspected of CSF leakage, but ambiguous whether 
it was true CSF leakage, ABR was maintained and closely ob-
served for about a day without LD insertion. Nevertheless, if the 
symptoms persisted, it was regarded that there was high possibili-
ty of CSF leakage and immediate LD insertion was performed. 
An inserted LD catheter was maintained for 5–6 days. The cathe-
ter drained CSF continuously at a constant rate throughout the 
day. The initial amount of drainage was decided empirically ac-
cording to the severity of rhinorrhea symptoms (volume or fre-
quency of rhinorrhea symptoms). If the amount of rhinorrhea 
was relatively small and the frequency of the symptom was low, 
the initial amount of drainage was about 8 mL/hr (60 mL per 8 

hours). And if the amount of rhinorrhea was relatively massive 
and frequency of the symptom was high, it was considered as high 
flow CSF leakage. In those cases, CSF was drained at about 10 
mL/hr to 12 mL/hr rate (80–100 mL per 8 hours). The reason 
why the amount of drainage was divided every 8 hours was that it 
was easy to divide the day into three parts to count and adjust the 
drain amount. The amount of drainage was adjusted if there were 
side effect symptoms such as low intracranial pressure headache 
or dizziness. But if there were no side effects symptoms, the 
amount of drainage was maintained. During the LD inserted peri-
od, neurological change was closely observed for prevention of 
severe problem associated with CSF overdrainage. 

Besides LD insertion, conservative treatment such as ABR, 
head elevation about 30 degrees, and avoidance of Valsalva ma-
neuvers was accompanied. Before the LD was removed, it was 
clamped for 12 hours and observed if the symptoms recurred. 
And if the symptoms did not reappear, LD was removed. After 
close observation for 1–3 days from LD removal, the patients 
were discharged and followed up in the outpatient clinic. 

We used vancomycin and ceftriaxone as prophylactic antibiot-
ics while the LD was inserted to prevent infection associated with 
the LD and CSF leakage. 

Through the above protocol shown in Fig. 2, we considered 
what findings and symptom characters would further suggest true 
CSF leakage. We considered LD indications and management 
(e.g., time to insertion and removal, safe drainage, and associated 
complications) in patients who presented postoperative CSF 
leakage problem. While performing conservative management in-
cluding LD, it was examined whether postoperative CSF leakage 
problem could be solved without wound repair surgery. 

Ethical statements 
This study was exempted by the Institutional Review Board of 

Konkuk University Medical Center (No. KUMC 2022-09-039).  
The requirement for the patient’s written consent was waived as it 
was a retrospective study. 

Case illustration 

Case 1 

A 39-year-old female underwent MVD surgery for right side 
hemifacial spasm (HFS). Surgical findings showed compression 
by the anterior inferior cerebellar artery and decompression was 
successfully achieved with teflon felt. The mastoid air cells were 
widely opened during drilling for a craniectomy and we sealed the 
pathway with bone wax. The patient complained of nasal drip on 
the second day after surgery. A glucose oxidase test showed level 
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Fig. 2. Our diagnosis and management flow for patients with suspected cerebrospinal fluid (CSF) rhinorrhea after microvascular de-
compression surgery. URI: upper respiratory infection, CT: computed tomography, PTA: pure tone audiometry, SA: speech audiometry, 
LD: lumbar drain, ABR: absolute bed rest.

of 164 mg/dL, while blood glucose was 89 mg/dL. TBCT 
showed fluid effusion in mastoid air cells (Fig. 3) and fluid effu-
sion was also seen through otoscope (Fig. 4). Despite of conser-
vative treatment such as ABR, rhinorrhea continued to the next 
day. And she complained of right side hearing difficulty, audiome-
try was also performed. It showed right side conduction type 
hearing loss (Fig. 4). We concluded it had the more possibility of 
CSF leakage, so decided to insert a LD and drained 180 mL of 
CSF throughout a day (60 mL per 8 hours) at a constant rate. The 
rhinorrhea symptom disappeared immediately. On the fourth day 
after LD insertion, follow-up TBCT showed a decreased amount 
of fluid effusion in the mastoid air cells and middle ear. LD was 
clamped at midnight, there were no rhinorrhea symptom relapse 
for 12 hours, so LD was removed. She was discharged without re-
lapse symptoms or other complications. 

Case 2 
A 63-year-old male patient underwent MVD surgery for left 

HFS. During surgery, mastoid air cells opened, so it was sealed 
with bone wax. He abruptly presented a large amount of watery 
nasal and post-nasal drip at 5 days after surgery. The glucose level 

of the rhinorrhea was 185 mg/dL, while blood glucose was 87 
mg/dL. The symptoms highly suggested high flow CSF leakage, 
and the relatively delayed onset of the symptoms also supported 
this because intraoperative irrigation fluid usually resolves within 
early stage after surgery. TBCT showed fluid effusion in mastoid 
air cells and the middle ear (Fig. 5). In the middle ear findings, se-
rous fluid effusion was confirmed and left side conductive hearing 
loss was diagnosed through audiometry. We inserted LD immedi-
ately. About 240 mL was drained throughout a day (80 mL per 8 
hours) at a constant rate. His rhinorrhea symptom disappeared 
after the LD insertion. On the fifth day from the LD insertion, a 
follow up TBCT showed decreased mastoid air cell effusion. At 
midnight, the LD was clamped, and there was no relapse of CSF 
rhinorrhea over 12 hours. The LD was removed, and he was dis-
charged without relapsed symptoms or other complications. 

Case 3 
A 30-year-old female patient underwent MVD surgery for left 

HFS. She had nasal drip on the next day after surgery. The glucose 
level of the rhinorrhea was 181 mg/dL, while the blood glucose 
level was 99 mg/dL. The TBCT showed opened mastoid air cells 

CSF rhinorrhea Glucose oxidase test

If glucose is detected,

Ambiguity of CSF leakage

Highly suspected of CSF leakage

If the symptom doesn't relapse, over 12 hours

If symptoms continue,

Aggregate with patient symptom course
(onset, frequency, amount of rhinorrhea)

LD for 5–6 days,
And then clamp at midnight

LD removal

· LD insertion (CSF diversion)
· ABR
· Head elevation about 30 degrees
· Avoidance of the Valsalva maneuver
· Broad-spectrum prophylactic antibiotic
· Consider acetazolamide

· Firstly, conservative 
management except for 
LD (ABR, head elevation, 
avoidance Valsalva maneuver)

· Temporal bone CT scan
· Middle ear findings (otoscope)
· PTA/SA audiometry

Exclud factors increasing glucose level
-No blood-stains 
-Blood glucose<6 mmol/L (about<108 mg/dL)
-No URI symptoms
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Fig. 3. Serial temporal bone computed tomography (TBCT) scans of Case 1. (A) TBCT taken before surgery. The mastoid air cells 
and middle ear were filled with normal air density. (B) TBCT after rhinorrhea as a symptom of suspected cerebrospinal fluid (CSF) 
leakage on the second day after surgery. The mastoid air cells were filled with fluid density, which might have been intraoperative 
irrigation fluid, postoperative normal exudate, or CSF. The rhinorrhea egressed through the eustachian tube. (C) Follow-up TBCT was 
performed on the fourth day after lumbar drain (LD) insertion. Computed tomography showed that the amount of fluid effusion had 
decreased. After the LD was clamped at midnight, no more rhinorrhea symptoms appeared for more than 12 hours. Thus, the LD was 
removed. White arrow: opened mastoid air cells and fluid effusion, white circles: middle ear cavity filled with fluid effusion via opened 
mastoid air cells, black arrows: eustachian tube pathway.

AA BB CC

with fluid effusion (Fig. 6). The otoscope showed fluid effusion 
in the middle ear and left side conductive hearing loss was diag-
nosed. However, since it was only the first day after surgery, it was 
difficult to distinguish whether it was real CSF or just postopera-
tive fluid collection from irrigation saline or postoperative exu-
date. However intermittent rhinorrhea symptom continued to the 
next day even after ABR. Thus, we concluded there was the more 
possibility of CSF leakage. The LD was inserted and about 180 
mL was drained throughout the day (60 mL per 8 hours) at a 
constant rate. Her rhinorrhea symptom disappeared after the LD 
insertion. On the fifth day after insertion, the LD was clamped 
and there was no relapse of CSF leakage. In a follow-up TBCT, 
decreased fluid of mastoid effusion was found. It was removed 
and she was discharged without any complications. 

RESULTS 

Among 749 patient cohort, there were 11 cases (1.4%) of CSF 
leakage and the symptom was CSF rhinorrhea in every patient. 
Five patients (45.5%) had the symptom on first day, two patients 
(18.2%) on the second day, one patient (9.1%) on the third day, 
and three patients (27.3%) had the symptom on the fifth day after 
surgery. All patient’s mastoid air cells were opened during surgery. 
The interval from the CSF rhinorrhea symptom to LD insertion 
was; immediately after symptom in three patients, the day after 
symptom in one patient, and 2 days after symptom in seven pa-

tients. The LD was placed for 5.4 days on average. Their hospital 
stay was 13.3 days on average. The patient’s hospital stay was ex-
tended to 5.3 days compared to the routine stay for MVD operation 
(8 days) of patient without any postoperative complication in our 
clinic. After LD insertion, intermittent CSF rhinorrhea disappeared 
in all patients. As LD complications, only intermittent light head-
ache or dizziness was observed in three patients (27.3%). In these 
patients, the amount of drainage was adjusted, and then the com-
plications improved. There were no other complications associat-
ed with the LD including infection problems. All patients com-
plained of conductive hearing difficulty, and the symptom was 
improved over time as the middle ear effusion was resolved, 
which was confirmed with follow-up audiometry. All patients had 
no recurrent symptoms suggesting CSF leakage, thus there was 
no need for wound repair surgery (Table 1).  

DISCUSSION 

The incidence of CSF leakage following a suboccipital craniot-
omy for multiple etiologies has been reported to range from 1.5% 
to 14.5% [7]. In our clinic, MVD operation wounds have been 
closed with the TLCT since August 2018, and to date, only 11 of 
749 cases (1.4%) had symptoms associated with CSF leakage. By 
closing the operation wound with the TLCT, the CSF leakage ra-
tio could be markedly reduced after MVD surgery. Besides use of 
the TLCT, tight thin bone wax sealing repeatedly at the opened 
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Fig. 4. (A) The patient in Case 1 was diagnosed with right conductive hearing loss (HL) through pure tone audiometry (PTA). The 
patient’s hearing difficulty was not sensorineural-type HL due to cranial nerve VIII damage during surgery. (B) Middle ear findings 
through the otoscope in Case 1, showing serous fluid effusion suspected to be cerebrospinal fluid leakage. AC: air conduction, BC: 
bone conduction, SII: Speech Intelligibility Index, dB EM: dB effective masking.
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mastoid air cells was also important to plug CSF leakage pathway 
during surgery. Nevertheless, there was CSF rhinorrhea in 11 pa-
tients, and we managed this problem using the same diagnostic 
flow and treatment regimen. 

A glucose oxidase test was performed first because it is fast, in-
expensive, and widely practicable. However, CSF leakage may not 

be confirmed by this result alone. It has poor diagnostic sensitivi-
ty and specificity because glucose can be detected in normal nasal 
or lacrimal secretion, the airway of a patient who has diabetic 
mellitus, during stress hyperglycemia, and nasal epithelial inflam-
mation due to a viral cold [6]. Other diagnostic tests can be con-
sidered including the beta-2 transferrin test or the beta-trace pro-

Fig. 5. Serial temporal bone computed tomography (TBCT) scans of Case 2. (A) TBCT taken before surgery. The mastoid air cells 
and middle ear were filled with normal air density. (B) TBCT after rhinorrhea as a symptom of suspected cerebrospinal fluid (CSF) 
leakage on the fifth day after surgery. The mastoid air cells were filled with fluid density, which was strongly suspected to be CSF be-
cause of the relatively late symptom onset after surgery. The rhinorrhea egressed through eustachian tube. (C) Follow-up TBCT was 
performed 5 days after lumbar drain (LD) insertion. Computed tomography showed that the amount of fluid effusion had decreased. 
The LD was clamped at midnight, and no more symptoms appeared for more than 12 hours. Thus, the LD was removed. White cir-
cles: middle ear cavity filled with fluid effusion via mastoid air cells, black arrows: eustachian tube pathway.

Fig. 6. Serial temporal bone computed tomography (TBCT) scans of Case 3. (A) TBCT taken before surgery. The mastoid air cells and 
middle ear were filled with normal air density. (B) TBCT after rhinorrhea as a symptom of suspected cerebrospinal fluid (CSF) leakage 
on the first day after surgery. The mastoid air cells were filled with fluid density, which might have been intraoperative irrigation fluid, 
postoperative normal exudate, or CSF. It was difficult to distinguish whether it was true CSF leakage in this case due to the relatively 
early symptom onset after surgery. The rhinorrhea egressed through the eustachian tube. (C) Follow-up TBCT was performed on 
the fifth day after lumbar drain (LD) insertion. Computed tomography showed that the amount of fluid effusion had decreased. The 
LD was clamped at midnight, and no more symptoms appeared for more than 12 hours. Thus, the LD was removed. White arrows: 
opened mastoid air cells and fluid effusion, white circles: middle ear cavity filled with fluid effusion via mastoid air cells, black arrows: 
eustachian tube pathway.
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tein test. In the case of beta-2 transferrin, which detects proteins 
specifically present in the CSF, several detection methods exist. 
The most common technique used in a clinical laboratory is im-
munofixation electrophoresis. This study results in excellent sen-
sitivity (84%) and specificity (100%) with high positive (100%) 
and negative (95%) predictive values [8]. In the case of beta-trace 
protein, which is the most abundant CSF protein, it can be detect-
ed with a nephelometric assay that based on antigen–antibody 
complexes reactions. Results are typically available within 20 min-
utes and require relatively small (200 μL) sample volumes. How-
ever, cut-off values for beta-trace protein vary widely (0.35–6 mg/
L) [8]. Risch et al. [9] used receiver operating characteristic curve 
analysis in patients with suspected CSF leakage. They confirmed 
that a cut-off of 1.11 mg/L beta-trace protein effectively identified 
patients with CSF leakage with excellent sensitivity (93%) and 
specificity (100%). Although the beta-trace protein test is a good 
method to diagnosis CSF leakage, it is still designated for research 
use only [9]. We could not employ these two tests because of 
their time-consuming, expensive characteristics and the limitation 
of our institute. But if it could be performed, it would helpful to 
distinguish whether the fluid was real CSF before an invasive pro-
cedure. 

The LD insertion was first introduced by Voursh in 1960 [10]. 
It is a closed system using a subarachnoid spinal catheter for di-
verting CSF flow. The indications for LD in a general neurosur-
gery department are as follows: diagnosis and management of hy-
drocephalus, post-traumatic or postoperative CSF leakage, to re-
duce brain retraction before a cranial procedure, and prevent CSF 
fistula formation [11]. Despite the controversy about placement 

of LD in patients with CSF leakage, a number of studies have re-
ported its benefit in comparison with only conservative manage-
ment without a LD [2,5,12]. Various authors have reported that 
LD showed a successful treatment rate of 85% to 94% in reducing 
and resolving CSF leakage [10]. 

Subarachnoid LD insertion is a quite invasive procedure in it-
self, and it can cause some problems such as low-pressure head-
ache, lumbosacral radiculopathy, CSF pooling adjacent to the 
lumbosacral space, and serious complication such as meningitis, 
pneumocephalus, and subdural hematoma [11,13,14]. Several re-
ports have cited tension pneumocephalus as a severe complica-
tion resulting in transtentorial herniation. Graf et al. [15] reported 
three cases of neurologic deterioration that were caused by the 
sudden occurrence of a massive pneumocephalus because of an 
abrupt large amount of drainage via the LD. The sudden overd-
rainage with head elevation creates a pressure gradient between 
the atmospheric pressure and the intracranial pressure, thus air 
can flow into the space by the siphon effect. Because of this seri-
ous problem, CSF must be drained continuously at a constant 
rate. In case of meningitis, it is known to be significantly associat-
ed with the duration of LD placement and minimal manipulation 
[11,16]. Liang et al. [17] reported that keeping the LD for more 
than four days was the most important risk factor for infectious 
problems. For these reasons, the risks and benefits of LD should 
be considered carefully and implement it only when CSF leakage 
is certain. If LD insertion is performed, appropriate management 
should follow. We did not do unnecessary manipulation such as 
CSF sampling, and maintained LD for 5 to 6 days. None of our 
patients had LD-associated overdrainage and infection problems.

Table 1. Clinical course of 11 patients who presented with symptoms suggesting cerebrospinal fluid leakage

No. Age/sex Dx. Mastoid air cell 
open

Time to symptom 
from surgery (d)

LD insertion date 
from surgery (d)

Duration of LD 
(d)

Hospital stay 
(d)

Recurrent 
symptoms

1 62/M HFS Lt. + 3 4 6 14 -
2 57/F HFS Rt. + 5 5 6 16 -
3 38/F HFS Rt. + 2 4 5 14 -
4 62/F HFS Rt. + 5 5 6 17 -
5 65/M HFS Lt. + 1 3 5 11 -
6 62/F HFS Lt. + 1 3 5 12 -
7 58/F HFS Rt. + 1 3 5 11 -
8 56/F HFS Rt. + 1 3 5 10 -
9 39/F HFS Rt. + 2 4 5 13 -
10 63/M HFS Lt. + 5 5 6 15 -
11 30/F HFS Lt. + 1 3 6 13 -

All symptoms were cerebrospinal fluid rhinorrhea. Five patients (45.5%) had the symptom on the first day after microvascular 
decompression surgery, two patients (18.2%) had the symptom on the second day, one patient (9.1%) had the symptom on the third day, 
and three patients (27.3%) had the symptom on the fifth day. The lumbar drain (LD) was placed for 5.4 days on average. The hospital 
stays of the patients were 13.3 days on average. None of the patients had recurrence of symptoms suggesting leakage.
Dx.: diagnosis, M: male, F: female, HFS: hemifacial spasm, Lt.: left, Rt.: right.
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We aggregated the above test findings with the patient’s symp-
tom course and decided whether it had more possibility of CSF 
leakage. For instance, if patient’s rhinorrhea symptom continued 
for several days even with ABR, this would suggest CSF leakage 
more because it is generally non-sensical that irrigation saline or 
postoperative exudate would flow out for several days. If there was 
possibility of CSF leakage more, we inserted the LD as quickly as 
possible to foster initial wound healing and prevent further prog-
ress to infectious problem. The intermittent CSF rhinorrhea of 
our patients disappeared immediately after LD insertion. If the 
CSF leakage symptoms disappeared after CSF diversion via the 
LD, it was considered evidence that there was true CSF leakage. 
We considered LD removal within 5 or 6 days after insertion. This 
duration was sufficient to treat CSF leakage after retromastoid 
suboccipital craniectomy in our clinic. Before LD removal, it was 
helpful to clamp it and observe whether CSF rhinorrhea symp-
toms relapsed. If the symptom did not recur, we removed the LD.

Except for CSF diversion via LD, conservative treatments for 
CSF leakage include bed rest, head elevation about 30 degrees, 
and usage of acetazolamide drug. Cough, sneezing, and constipa-
tion should be cautious for avoidance of the Valsalva maneuver. 
We did not use acetazolamide drug but it may be helpful for low-
ering intracranial pressure by reduction of CSF production. 

We used prophylactic antibiotics to prevent meningitis associ-
ated with the LD catheter and CSF leakage problem itself. But, 
usage of prophylactic antibiotics is controversial. Some authors 
have claimed that they absolutely reduce the rate of meningitis. 
Other authors, however, argue that they can alter normal naso-
pharyngeal microflora causing gram-negative infection followed 
by ascending infections such as meningitis [18-20]. 

Patients with CSF rhinorrhea who were operated in our clinic 
did not need operative wound repair surgery. However, if symp-
toms persist despite the above conservative treatments including 
LD, surgical treatment should be considered earlier.

CONCLUSION 

Although we try hard to prevent CSF leakage in open microsur-
gery, there are inevitable cases of leaks and they are more frequent 
in posterior fossa surgeries. We cannot prevent the leakage per-
fectly but should limit the complications to prevent progression 
to other severe problems such as meningitis. Closing technique 
such as TLCT is useful, but also early diagnosis of CSF leakage 
and management with LD are important. 

Limitation 
In case of CSF rhinorrhea, to distinguish true CSF leakage from 

postoperative normal exudate, we performed all practicable tests 
in general clinic, but no tests could specifically confirm CSF leak-
age. We aggregated the above test findings with patient’s clinical 
symptom course, and estimated the possibility of CSF leakage 
and LD indication. But, it should be studied more about practica-
ble and confirmative test method to determine whether it is true 
CSF leakage. Also, the duration of LD maintenance and amount 
of CSF drainage were empirically determined, and CSF leakage 
problem was well treated without any severe complications asso-
ciated with LD. However, a more large-scale case study would be 
needed to determine appropriate duration of LD and amount of 
CSF drainage.
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INTRODUCTION 

Medulloblastoma is a type of brain tumor found near the midline of the cere-
bellum, constituting approximately 20% of pediatric brain tumors. Due to its high 
metastatic tendency around the spinal cord, medulloblastoma is treated aggres-
sively with a combination of surgery, radiation, and chemotherapy. Radiation 
therapy can reduce the rate of recurrence, but it also has several side effects. Radi-
ation necrosis (RN) is one of the long-term side effects which can occur after 
months or years. Radiation can cause vascular injuries by an upregulation of the 
production of vascular endothelial growth factor. Small vessels can narrow as en-
dothelium grows, which can lead to ischemia [1]. 

Differentiating RN with brain tumors through radiological images is very diffi-
cult. However, it is important to make a clear diagnosis because the treatment dif-
fers. Management of RN focuses on steroid therapy, anti-angiogenic therapy, and 
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Case Report

It is important to differentiate radiation necrosis (RN) from tumor recurrence 
because these conditions require different treatments. Despite the use of various 
imaging techniques, this distinction remains difficult due to the high heterogene-
ity of brain tissue. Stereotactic biopsy is still considered the gold standard for a 
definitive diagnosis of RN despite its invasiveness. However, if the location of the 
lesion is in the brainstem, stereotactic biopsy is very difficult to even for skillful 
surgeons. We herein report a case of a 24-year-old male with a history of medullo-
blastoma at the age of 5, who presented with distinct gait disturbance and dysar-
thria at a regular visit. The initial radiological diagnosis of a brain mass was recur-
rent medulloblastoma. Considering the initial diagnosis, additional radiotherapy 
was considered. Nevertheless, the chance of the mass being RN could not be 
eliminated. Despite the high risk due to the location of the lesion, a frame-based 
stereotactic biopsy was performed. The pathological diagnosis after the biopsy 
confirmed the lesion as RN. This case illustrates the importance of stereotactic 
biopsy in differentiating between tumor recurrence and RN, even when the loca-
tion of the lesion makes it challenging. 

KEY WORDS: Radiation injuries, Medulloblastoma, Biopsy, Brainstem 
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staged medulloblastoma 17 years ago, and suboccipital cranioto-
my and gross total removal surgery were done. Radiation therapy 
and chemotherapy were followed. He received follow-up treat-
ments for his radiation-induced hypothyroidism and growth hor-
mone deficiency. After 9 years of follow-up, he was confirmed to 
be in remission. 

Left arm and leg motor function was measured at muscle power 
assessment (MRC) grade 4, left foot at MRC grade 2 during the 
neurologic exam. Sensory function was intact and deep tendon 
reflex was preserved. He also had dysarthria. 

Magnetic resonance imaging (MRI) following his visit demon-
strated a newly developed heterogeneously enhancing lesion in 
the right pons with multiple microbleeds in bilateral cerebral 
hemispheres with a focal hemorrhagic lesion at the right parietal 
cortex (Fig. 1). Making differential diagnoses between RN and 
tumor recurrence was crucial for planning treatment, but it was 

hyperbaric oxygen therapy. Stereotactic radiotherapy or re-resec-
tion can be an effective treatment for recurrent brain tumors, but 
the risk of neurologic complications is not neglectable. RN can be 
aggravated when radiation therapy is applied. This is a case report 
of a 24-year-old male who was able to avoid the aggravation of RN 
by changing the initial treatment plan after an additional biopsy.  

Ethical statements  
This study was approved by the Institutional Review Board 

(IRB) of the Severance Hospital (IRB no: 4-2022-0832). Written 
informed consent was obtained from the patient. 

CASE REPORT 

A 24-year-old male complained of having left-side weakness 
and gait disturbance for 2 days. He was diagnosed with T3bM0 

Fig. 1. Newly developed heterogeneously enhancing lesion in the right pons: T2-weighted images, and fluid-attenuated inverse recov-
ery (FLAIR). (A) T2-FLAIR, no tumor recurrence. (B) T2-weighted image, no tumor recurrence. (C) T2-FLAIR, newly developed enhanc-
ing lesion. (D) T2-weighted image, newly developed enhancing lesion.
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impossible to differentiate these two entities by solely using imag-
ing techniques. 

Therefore, instead of excluding the possibility of RN, the neu-
rologists, neurosurgeons, and radiation oncologists decided to 
perform a biopsy even if the lesion was in the brainstem. A frame-
based stereotactic needle aspiration biopsy was done. After fixing 
the head with a Leksell frame, MRI was taken to identify the tar-
get. The MRI taken with the frame fixed was registered in Lekcell 
SurgiPlan® software to devise a trajectory. Because the lesion was 
skewed to the right, the entry was made around the opposite 
(left) Kocher’s point and went through only white matter tract, 
avoiding contrast-enhancing vessels. This patient had seizures for 
2 minutes on the day of biopsy, but was well controlled with an-
tiepileptic drugs. No other seizure episodes or serious complica-
tions were found after that. Pathologic diagnosis confirmed the 
lesion as focal necrosis, inflammatory cells with abundant hemor-
rhages with no signs of malignancy (Fig. 2). So, intravenous ste-
roid was injected into the patient for 5 days, tapered after a maxi-
mum of 20 mg a day. Every 6 months of MRI was planned. 

In the follow-up MRI after steroid treatment, a marked decrease 
in the extent of enhancement and edema in the right pons was 
shown (Fig. 3). He is neurologically stable under the medication 
of tocopherol acetate, ascorbic acid, choline alfoscerate, and pent-
oxifylline. 

DISCUSSION 

Radiation is a highly effective tool in treating malignant brain 
tumors. However, delayed complications may occur. When a de-
layed complication takes shape, it is important to discern it from 
tumor recurrence because of their radiological similarity. Loca-
tion of the primary malignancy, radiation treatment plan, type of 
radiation, and the amount of time elapsed since the most recent 

radiation exposure are all needed in differentiating between recur-
rent tumor and RN. Most tumor relapses occur within the first 3 
years after diagnosis in children. In adults, a late relapse and ex-
tra-neural metastasis typically to the bone appear to be more 
common [2]. Our cases’ mass emerged approximately 18 years 
after radiation. Though tissue necrosis after radiation typically de-
velops at the original site or the site adjacent to the tumor, our 
case showed a shift in location from the midline cerebellar vermis 
to the right pons. 

As a standard tool in examining brain mass, finding subtle differ-
ences in imaging studies was thought to be useful in differentiating 
these two entities. Despite extensive research [3-6], no single imag-
ing technique was proven to have adequate specificity for a diagno-
sis. This radiological uncertainty is caused by the heterogeneity of 
brain mass. Some recurred masses could have both radio-necrotic 
and malignant tissues mixed within them. Therefore, stereotactic 
biopsy is still considered the gold standard for a definitive diagnosis 
of RN, especially in symptomatic and radiologically aggravating pa-
tients [7]. Our patient showed a distinct gait disturbance, left side 
weakness, and mild dysarthria aggravating slowly for 3 months. 
This in turn made biopsy a preferable option in diagnosis. With all 
the neurological symptoms present and possible risks considered, a 
stereotactic biopsy was performed a week after the initial image dis-
covery. Fortunately, the pathological diagnosis turned out to be fo-
cal necrosis with no signs of malignancy. 

Still, stereotactic biopsy has its drawbacks. Other than being ex-
pensive and somewhat inconvenient, statistics indicate a 5% risk 
of complications and up to 15% chance of a non-diagnostic result 
in each biopsy [8]. These complications include postoperative 
neurological impairment and seizures. As mentioned above, this 
patient had one convulsive episode. Most post-biopsy seizures ap-
pear when the lesion is in the cerebrum, not the brainstem [9]. 
Given our patient’s lesion is in the brainstem, the episode might 

Fig. 2. Pathologic diagnosis of the patient (H&E stain). (A) The specimen consisted of mostly bloody material (scan view). (B) Focal 
necrotic tissue, with occasional bland-looking histiocytic infiltration, and no sign of malignancy (×200). 
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Fig. 3. Improvement in radiation necrosis following proper medication. (A) T2-fluid-attenuated inverse recovery (FLAIR), newly devel-
oped enhancing lesion. (B) T2-weighted image, newly developed enhancing lesion. (C) T2-FLAIR, marked decrease in the extent of 
enhancement and edema in the right pons. (D) T2-weighted image, marked decrease in the extent of enhancement and edema in the 
right pons. (E) T2-FLAIR, further decrease in the extent of enhancement and edema in the right pons. (F) T2-weighted image, further 
decrease in the extent of enhancement and edema in the right pons.
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be attributed to cortical injuries following the biopsy or radia-
tion-induced cerebral microbleeds which were radiologically visi-
ble. Other factors such as anesthesia, prior craniotomy, and physi-
cal fatigue might have led to the provocation. Research reports a 
1.3% to 2.2% rate of postoperative seizures in patients that have 
gone through stereotactic biopsy. Yet, this is lower than the per-
centage of patients with RN who develop seizures without a biop-
sy, which is approximately 20% [10]. Seizures are commonly seen 
in brain tumors and are easily controlled with anti-epileptic medi-
cation [11]. After dexamethasone and anti-epileptic therapy, our 
patient showed improvement in both MRI imaging and neurolog-
ical stability. 

Due to these concerns regarding current stereotactic biopsy’s 
invasiveness, recent studies focus on finding less invasive alterna-
tives such as liquid biopsy and neuro-photonics. Soler et al. [12] 
derived a new index called the DR-Vanin Index (DVI) using the 
expression of the VNN2 (vascular non-inflammatory molecule 2) 
gene and HLA-DR in monocytic myeloid-derived suppressor 
cells. In biopsy-confirmed patients, the average DVI was signifi-
cantly higher in recurred tumor patients than in those with RN 
[13]. Neuro-photonics is one of the applications of biophotonics, 
dealing with the interaction between laser radiation and biological 
tissue. Widely used therapeutically as a surgical laser, its potential 
for diagnostic use was also suggested. Specifically, laser-scanning 
endomicroscopy and Raman spectroscopy can be a tool for 
pathological tissue interrogation. A miniaturized confocal micro-
scope integrated with an endoscope system is one of the develop-
ments of laser scanning endomicroscopy. Using near-infra-
red-spectrum laser confocal endomicroscopy, studies were able to 
successfully identify glioma cells in vivo [14]. Yet, it was an exper-
iment system not available for clinical and commercial use. By us-
ing near-infrared Raman spectroscopy, Krafft et al. [15] were able 
to distinguish between tumor and normal brain tissue. But there 
is still a lack of valid evidence regarding its clinical safety. 

CONCLUSION 

Differential diagnosis of RN and recurrent tumor is extremely 
important. Nevertheless, completely differentiating these two en-
tities is nearly impossible by solely using current imaging modali-
ties. Stereotactic biopsy is still considered a gold standard in the 
diagnosis. In our case, stereotactic biopsy seemed challenging due 
to the lesion being in the brainstem. Biopsy was performed with 
the risks considered, effectively confirming the mass as a focal ne-
crotic lesion. Neurosurgeons should always consider stereotactic 
biopsy as a must in a definitive diagnosis of a brain mass even if 
the patient’s lesion is in a crucial area such as the brainstem. In an 

attempt to lower the risks, using less invasive techniques such as 
liquid biopsy and neurophotonics could be a surrogate alternative. 
Further options to reduce complications should be developed 
and clinically valued. 
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INTRODUCTION 

Hemifacial spasm (HFS) is an involuntary contraction of facial muscles caused 
by facial nerve compression from vascular structures. Majority of compressions 
( > 90%) occur at the root exit zone (REZ), where central glial myelin transits to 
peripheral Schwann cell myelin [1]. The only treatment for HFS is microvascular 
decompression (MVD), and thus it is crucial to accurately specify the offending 
vessels and properly decompress it [2]. Preoperative magnetic resonance imaging 
(MRI) findings can help identify these vessels, but in complex cases, there are 
mismatch between MRI finding and real intraoperative offender frequently [3]. 
Sometimes, there is even no definite culprit vessel near the REZ. Veins contribute 
to neurovascular compression (NVC) in conjunction with other offending arter-
ies to cause spasm, but sole venous offender is rare [4]. Venous offenders are diffi-
cult to identify on preoperative MRI, so it takes many efforts to confirm a real of-
fending vessel during surgery in that case. Those efforts may damage facial nerve 
or vestibulocochlear nerve by vigorous cerebellar retraction. We report two cases 
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Case Report

Sole vein offenders are rare and can be difficult to identify on preoperative mag-
netic resonance imaging (MRI) and intraoperative microscopy. The objective of 
this case review was to investigate factors resulting in successful decompression in 
venous offender cases. Among 234 cases of microvascular decompression surgery 
performed for hemifacial spasm from September 2020 to April 2022 at Konkuk 
University Medical Center, only two cases were identified as having a definite ve-
nous offender. We reviewed preoperative MRI and intraoperative microscopic 
findings and studied the correlation between decompression and lateral spread 
response (LSR) changes. Our two patients had possibility of a small venous of-
fender on preoperative MRI, but it was ambiguous. A definite venous offender 
was identified on the operative microscopic findings and decompressed success-
fully, referring to the disappearance of the LSR waveform. Postoperatively, spasm 
disappeared or significantly improved. A venous offender is difficult to identify 
on preoperative MRI findings or even on intraoperative microscopic findings. In 
such cases, changes in the LSR waveform in response to decompressing the sus-
pected vein can be a valuable reference for successful facial outcomes. 

KEY WORDS: Hemifacial spasm, Microvascular decompression, Intraoperative 
neurophysiological monitoring
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of sole venous offenders wherein the offending vessels were not 
clearly seen on preoperative MRI, but were confirmed by disap-
pearing lateral spread response (LSR) after decompression of the 
suspected vein.  

Ethical statements  
This study was exempted from the Institutional Review Board 

of the Konkuk University Medical Center (No. KUMC 2022-09-
038). Written informed consent was obtained from the patient. 

CASE REPORT 

Among 234 cases of MVD surgery performed for HFS from 
September 2020 to April 2022, only two cases were identified as 
having a definite venous offender. Besides, arterial and venous of-
fenders co-existed in fours cases, and a possible venous offender 
without other specific offending vessels was seen in one case (Ta-
ble 1). In order to examine LSR changes and surgical results after 
vein decompression, this review only included cases with definite 
sole venous offender. All patients were monitored for changes in 
LSR during surgery, as an indicator for confirming whether it was 
properly decompressed. Brainstem auditory evoked potential 
(BAEP) waveform was also monitored to prevent hearing loss. 

Surgical procedure 
The entire operation was performed by a single surgeon (KP). 

After retromastoid suboccipital craniectomy, the dura was opened 
and cerebrospinal fluid was drained to relax the cerebellum. The 
ninth cranial nerve and the choroid plexus were identified, which 
are right below the facial nerve REZ. After identifying the facial 
nerve, the surgeon examined the whole segment from REZ to the 

internal acoustic canal and 360 degrees surrounding the facial 
nerve to find the offender. After specifying the offending vessels, 
Teflon felts were inserted to decompress it. If the LSR disap-
peared after the decompression, the vessel was thought to be the 
culprit and successful decompression was made. In cases with a 
remnant LSR after decompression of the suspected vessel, we can 
look for another possible offender. However, considering the pos-
sibility of delayed LSR disappearance even with successful de-
compression [5], we did not vigorously retract structures to 
search for a missing culprit. 

Case illustration 

Case 1 
A 71-year-old female with a 3-year history of left HFS under-

went MVD surgery. Preoperative MRI revealed close approxima-
tion at the cisternal segment of the left facial nerve by the left an-
terior inferior cerebellar artery (AICA) and at the REZ by a small 
branch of petrosal vein (Fig. 1). Intraoperative inspection identi-
fied a small venous offender, which was decompressed by Teflon 
felt (Fig. 2). During the operation, facial electromyography 
(EMG) and BAEP were recorded. The LSR wave disappeared 
immediately after decompression of the suspected vein (Fig. 3). 
Postoperatively, no immediate spasm symptom was noted, but it 
relapsed intermittently from 2 days after surgery. At 3 months af-
ter surgery, she had a residual spasm of which an intensity was 
subjectively about 20% of preoperative facial spasm. However, at 
the last follow-up date, 9 months postoperatively, the spasm was 
improved with relapse fewer times per day. 

Case 2 
A 42-year-old female underwent MVD surgery for a 5-year his-

tory of right HFS. Preoperative MRI revealed possible NVC at 
the cisternal segment by the right AICA or at the REZ by the 
small vein (Fig. 4). Intraoperative findings confirmed a definite 
venous offender, which was decompressed by Teflon felt (Fig. 5). 
During the operation, facial EMG and BAEP waveforms were re-
corded. LSR disappeared right after the decompression (Fig. 6). 
Postoperatively, no immediate facial spasm was noted. She re-
mained symptom-free with no residual spasm at 6 months post-
operatively, the last follow-up date.  

DISCUSSION 

The AICA and posterior inferior cerebellar artery (PICA) are 
known to be the most common offending vessels in HFS. A re-
view by Mercier and Sindou [6] found that the most common of-

Table 1. Distribution of offenders confirmed by intraoperative field 
finding

Offender Number Ratio (%)
Sole offenders
 Anterior inferior cerebellar artery (AICA) 118 50.4
 Posterior inferior cerebellar artery (PICA) 54 23.1
 Vertebral artery (VA) 43 18.4
 Vein 2 0.9
Multiple offenders
 AICA-PICA 8 3.4
 AICA-VA 4 1.7
 Vein with other arteries 4 1.7
Unidentified: possible venous offender 1 0.4
Total 234 100

The statistics were compiled from microvascular decompression 
surgery performed from September 2020 to April 2022.
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Fig. 1. Possible neurovascular compression (NVC) at the mid-cisternal segment of the left facial nerve by the left anterior inferior cer-
ebellar artery (AICA), as well as at the root exit zone by a tiny petrosal vein. (A) NVC by the AICA (white arrow). (B) NVC by a tiny vein 
(black arrow).

Fig. 2. Gross intraoperative field findings. We confirmed the compression and indentation by a small vein at the root exit zone and de-
compressed it using Teflon felt. (A) Neurovascular compression by a tiny vein (white arrow). (B) After decompression by Teflon felt.

Fig. 3. Intraoperative lateral spread response (LSR) and brainstem auditory evoked potential (BAEP) monitoring. Immediately af-
ter neurovascular decompression, the LSR disappeared and was maintained until the end of surgery. The BAEP waveform was 
well-maintained during the entire procedure. (A) Before decompression. (B) After decompression.
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Fig. 4. Possible neurovascular compression (NVC) at the mid-cisternal segment of the right facial nerve by the right anterior inferior 
cerebellar artery (AICA), or at the root exit zone of the facial nerve by a vein. (A) NVC by a vein (black arrow). (B) NVC by the AICA (white 
arrow).

Fig. 5. Gross intraoperative field findings. We confirmed the compression and indentation by a small vein at the root exit zone and de-
compressed it using Teflon felt. (A) Neurovascular compression by a tiny vein. (B) After decompression by Teflon felt (white arrow).

Fig. 6. Intraoperative lateral spread response (LSR) and brainstem auditory evoked potential (BAEP) monitoring. Immediately after 
neurovascular decompression, the LSR disappeared and was maintained until the endpoint of surgery. The BAEP waveform was 
well-maintained during the entire procedure. (A) Before decompression. (B) After decompression.
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fending vessels were PICA (47.2%), AICA (45.9%), vertebral ar-
tery (VA; 17.5%), and veins (4.9%). Their review included cases 
with multiple offending vessels. Notably, venous offenders associ-
ated with other arteries are seen in 0.7% to 7.9% (4.9% on aver-
age) of cases, while cases with solely venous offender are seen in 
0.4% to 5.5% (1.4% on average) [6-14]. In addition, El Refaee et 
al. [15] reported a sole venous offender in just one patient among 
353 cases (0.28%), while Dumot and Sindou [16] similarly re-
ported an incidence of 0.1%. Among MVD surgeries for HFS per-
formed at our clinic, the most offending vessels, in descending or-
der, were AICA, PICA, and VA, followed by definite sole venous 
offenders, seen only in two cases (0.9%) (Table 1). 

Whether LSR monitoring is a confirmative indicator of suc-
cessful MVD surgery remains controversial. Some authors assert 
that it is a major reference to predicting facial outcome, while oth-
er argue that it is still questionable whether LSR monitoring is 
correlated with long-term facial outcome [17]. Some papers argu-
ing the usefulness of LSR monitoring say that even if the LSR 
waveform doesn’t completely disappear but the amplitude is just 
reduced, it is associated with favorable facial outcome [18,19]. 
Some papers argue that persistent LSR during surgery is not di-
rectly related to poor prognosis because it may take months to 
years for the motor nucleus hyperexcitability to normalize [5]. 
The disappearance of LSR immediately after decompression 
doesn’t always mean a successful outcome because LSR could re-
lapse. 

Nevertheless, considering these LSR changes and favorable fa-
cial outcome, it can usually be a good reference indicator for suc-
cessful decompression. Even if the LSR did not completely disap-
peared, clinical symptom improved when sufficient decompres-
sion was achieved based on MRI and intraoperative microscopic 
field findings. In some our patients whose LSR did not completely 
disappeared during surgery, facial spasm successfully disappeared 
or at least lessened in intensity or frequency. In these cases, LSR 
monitoring could not function as a confirmative indicator of suc-
cessful decompression. However, even in these cases, changes 
such as amplitude reduction of LSR were observed at the moment 
of decompression, and this could be helpful to ongoing decom-
pression procedure. These results of LSR monitoring and patient’s 
facial outcome in our clinic are in line with many other reports, 
asserting the LSR as the major confirmative reference [4,17-19]. 

Venous offenders are rare; theoretically, these might not affect 
the facial nerve because of their lower pressure than arteries. Fur-
thermore, vascular conditions affected by atherosclerosis or hy-
pertension could contribute to NVC [20], but veins are less af-
fected by these factors. Arachnoid membrane tightness or arach-
noid bands, which strangulate the facial nerve at the REZ can also 

be a causative factor [15], but these factor affect both arteries and 
veins near the facial nerve. Therefore, the existence of venous of-
fenders has had numerous controversies. If there were no arterial 
offenders in the surgical field and only a vein near the REZ, we 
cannot be confident of specifying the vein would be a real culprit. 
However, the immediate disappearance of LSR after vein decom-
pression could be a useful indicator for ascertaining the real cul-
prit for appropriate decompression. Besides, the changes of LSR 
resulted from vein decompression would suggest the existence of 
a venous offender. 

If LSR monitoring is performed while paying attention to the 
aforementioned considerations, changes in LSR can be a good 
reference for successful decompression. Nevertheless, it is more 
important to pay attention to MRI findings and intraoperative 
microscopic findings between facial nerve and vascular structures. 
In our both cases, although a definite venous offender was not 
identified on preoperative MRI findings, there remained the pos-
sibility of a small venous offender. If LSR persists after decom-
pression of suspected arterial offenders confirmed on preopera-
tive MRI, we should keep in mind the possibility of small vessel 
offenders, which were not seen/ambiguous on MRI. Importantly, 
during the small vessel decompression, LSR changes should be 
monitored carefully. Furthermore, if it a possible venous offender 
that cannot be definitely confirmed by preoperative MRI or intra-
operative microscopic finding, LSR waveform changes after sus-
pected vein decompression can serve as a major reference for 
identifying a real culprit. 

CONCLUSION 

Venous offender is difficult to specify on preoperative MRI 
findings or even on intraoperative microscopic findings. In addi-
tion, when the MRI or intraoperative finding doesn’t show com-
pression or indentation by arterial offender, the possibility of a ve-
nous offender should always be considered. In such cases, changes 
in LSR waveform by decompressing the suspected vein can be a 
major reference for successful facial outcomes. 
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INTRODUCTION 

Epilepsy affects people regardless of race, age, or socioeconomic status, with a 
prevalence varying from 5 to 8 in 1,000 people depending on the country [1]. 
There is a possibility for every anesthesiologist to encounter patients with epilep-
sy; and thus, anesthesiologists need to be well informed about anesthetic consid-
erations when managing them. 

Benzodiazepines are commonly prescribed for the treatment of seizures. Remi-
mazolam, a novel benzodiazepine, can be used to induce and maintain anesthesia. 
It is a potential alternative to propofol, and relevant studies have recently been ac-
tively reported [2]. However, there is limited literature regarding remimazolam 
administration in patients with epilepsy. We report a case of total intravenous an-
esthesia maintained with remimazolam in a patient with deep brain stimulation 
(DBS) of the bilateral anterior thalamic nuclei. 

CASE REPORT 

A 61-year-old Asian male (height, 161 cm; weight, 73.7 kg; body mass index, 
28.4 kg/m2) was referred to the hepatobiliary surgical department of a tertiary ac-
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Case Report

Drugs administered for anesthesia can trigger seizure attacks in patients with epilep-
sy. Benzodiazepines have been consistently reported to be anticonvulsants, and a 
novel benzodiazepine, remimazolam, was recently introduced. We report a case of 
total intravenous anesthesia maintained with remimazolam in a patient with epilep-
sy who underwent deep brain stimulation of both anterior thalamic nuclei. Despite 
the administration of multiple anti-epileptic drugs, no tolerance to remimazolam 
was observed. Perioperative seizures were also not observed. Remimazolam can be 
considered the anesthetic of choice in patients with epilepsy. 

KEY WORDS: Remimazolam, Intravenous anesthesia, Deep brain stimulation, 
Epilepsy, Case reports  
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ademic hospital due to chronic cholecystitis. The patient com-
plained of abdominal distension and pain. He was treated with 
oral medication for the symptoms and was observed for 7 months 
at the Department of Gastroenterology of the same hospital. Fol-
lowing computed tomography and ultrasonography of the ab-
dominal cavity, surgical treatment was determined to be the best 
course of action. 

The patient had a history of epilepsy for approximately 20 
years, and the outpatient department documented that he had 
undergone surgery for DBS at another tertiary medical center 
where the patient had been followed-up for epilepsy in 2017. The 
patient also had hypertension and diabetes mellitus type 2. He 
previously underwent exploratory laparotomy for hemoperitone-
um caused by a traumatic mesocolon injury in 2016. Chest radi-
ography revealed an implanted generator below the left clavicle 
(Fig. 1). The preoperative HbA1c was 7.7%. Other preoperative 
findings were unremarkable. 

The patient was taking the following anti-epileptic drugs 
(AED); valproic acid, lamotrigine, and oxcarbazepine. Clonaze-
pam 0.5 mg, equivalent to diazepam 7.5 mg, was also adminis-
tered. Other oral medications included angiotensin receptor 
blockers, beta-blockers, and a combination of diabetic pills. There 
was no history of hypersensitivity to the medical drugs and no 
relevant family medical history. 

Laparoscopic cholecystectomy was planned, and conventional 

open cholecystectomy was considered in cases of intraperitoneal 
adhesions due to prior surgery. The patient’s anesthetic record in 
2016 was reviewed, and no remarkable anesthesia-related events 
were noted. 

No sedative premedication was prescribed on the day of sur-
gery, except AEDs, which were continued on the day of surgery 
with 25 mL of water. Standard monitoring of anesthesia was per-
formed following admission to the operating room. The electro-
encephalogram was monitored using SedLine (Masimo Corpora-
tion, Irvine, CA, USA). There was no significant interference in 
the intraoperative electrocardiographic monitoring by DBS. 

Remimazolam infusion was initiated at a rate of 6 mg·kg-1·hr-1. 
Remifentanil was administered via target control infusion and ti-
trated to the effect-site concentration using Minto model. Anes-
thesia induction was uneventful, and no hypotension developed. 
The implantable pulse generator was turned off after the confir-
mation of endotracheal tube placement. 

A hepatobiliary surgical specialist initiated the laparoscopic sur-
gery. Severe intra-abdominal adhesions were observed, and an 
open surgical approach was adopted. Bipolar electrocautery was 
used for hemostasis to prevent malfunction of the DBS device 
and thermal injury to the brain [3]. Radiofrequency or high-pow-
er ultrasound energy devices should be avoided in patients with 
an implanted pulse generator [4]. 

The operation lasted for 120 minutes, and no epileptic waves 
were observed in the electroencephalogram during anesthesia by 
the attending physician. Remimazolam infusion was stopped 8 
minutes and 25 seconds before the conclusion of surgery, fol-
lowed by reoperation of the implanted pulse generator. Flumaze-
nil 0.2 mg was administered intravenously because there was no 
evidence of consciousness 20 minutes after cessation of remima-
zolam. One minute later, the patient recovered spontaneous ven-
tilation and obeyed commands. Following this, the patient was 
extubated; the total anesthesia time was 160 minutes. The admin-
istered doses of remimazolam and remifentanil were 235 mg and 
990 µg, respectively. 

The patient reported mild dizziness in the postoperative care 
unit. Dizziness was alleviated after infusion of 100 mL of crystal-
loid. Drowsiness of modified observer’s assessment of alertness/
sedation scale (MOAA/S) 3 was observed, and additional fluma-
zenil 0.2 mg was administered intravenously. Alertness of 
MOAA/S 5 was achieved 2 minutes later. 

Complications were limited to mild postoperative pain during 
hospitalization. After 7 days of planned observation, the patient 
was discharged and interviewed regarding the anesthetic experi-
ence on the day of discharge. Overall, the patient was satisfied 
with the anesthetic experience. 

Fig. 1. Plain chest posteroanterior (PA) film of the patient. A 
generator is seen below the left (Lt) clavicle.
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The patient visited the emergency department on postopera-
tive day (POD) 21 complaining of pain at the surgical site. Ab-
dominal computed tomography revealed an intra-abdominal ab-
scess. A percutaneous catheter was inserted for drainage. The pa-
tient was re-hospitalized for 7 days and discharged with the per-
cutaneous catheter. The catheter was removed at the outpatient 
department on the POD 33. There were no further complica-
tions, including seizures. 

In summary, patient with epilepsy controlled with DBS under-
went cholecystectomy. Remimazolam was adopted as the main 
anesthetic drug because of its anti-convulsant properties. The pa-
tient had no tolerance to remimazolam, and the drug provided 
appropriate intraoperative hypnosis. There were no seizures 
during hospitalization or follow-up.  

Ethical statements  
Written informed consent was obtained from the patient for 

the publication this case report. A copy of the written consent is 
available for review on request. 

DISCUSSION 

Perioperative seizures are rare, and the reported incidence is 3.1 
per 10,000 [5]. Seizure-like phenomena mostly occur during the 
induction and emergence periods of anesthesia [6]. In epilepsy 
patients requiring anesthesia, a low level of intravenous anesthetic 
drug can trigger seizure attacks [7]. Etomidate and ketamine are 
often avoided in patients with epilepsy owing to their proconvul-
sant properties. Propofol is commonly used in epileptic patients 
but there are multiple reports that it is related to perioperative sei-
zure attacks, and in more severe cases, status epilepticus [6,8]. 
Benzodiazepines have consistently been reported to be potent an-
ticonvulsants [9]. 

The anticonvulsant feature of benzodiazepines could be benefi-
cial for patients with epilepsy, but these drugs are usually adminis-
tered as an anesthetic adjuvant rather than as the primary agent 
[10]. This is because of the extended context-sensitive half time 
of these drugs. For example, context-sensitive half time is 4 hours 
after an hour infusion of midazolam, the most rapidly eliminated 
benzodiazepine before the introduction of remimazolam [11]. 

Propofol is the most widely used intravenous anesthetic drug; 
however, it also has proconvulsant properties. Perioperative sei-
zure events identified through electroencephalogram monitoring 
have been reported in patients undergoing anesthesia with propo-
fol [12,13]. A board-certified neurologist, one of the authors, re-
viewed the intraoperative 4-channel electroencephalogram ac-
quired with SedLine postoperatively, and there was no evidence 

of a seizure attack. Remimazolam provided stable anesthesia for 
this patient and could be superior to propofol in terms of the pre-
vention of seizure attacks. 

The time to the loss of consciousness following the administra-
tion of remimazolam was similar to that of conventional hypnotic 
agents. The time to emergence of consciousness after cessation of 
remimazolam administration is usually 10 to 20 minutes [14]. 
Flumazenil can readily reverse the effect of benzodiazepine when 
emergence is prolonged or intraoperative awakening of a patient 
is required. 

Benzodiazepines are often included in anti-epileptic prescrip-
tions, and patients with epilepsy receiving AEDs can require a 
greater dose of anesthetic drugs [15]. Yoshikawa et al. [16] re-
ported that remimazolam could be inappropriate in long-term 
benzodiazepine user. The patient was also administered benzodi-
azepines along with other AEDs. However, the loss of conscious-
ness was followed by the administration of a standard dose of 
remimazolam for induction. Considering the infusion rate of 6 
mg·kg-1·hr-1 and the time to loss of consciousness, 0.13 mg·kg-1 of 
remimazolam was administered as an induction dose. During the 
maintenance of general anesthesia, a mean infusion rate of 1.36 
mg·kg-1·hr-1 of remimazolam was adequate to maintain the desired 
anesthetic depth. 

Postoperative nausea and vomiting can be minimized by main-
taining anesthesia with remimazolam [14]. The patient did not 
complain of nausea and vomiting during hospitalization. Further 
administration of drugs that can potentially trigger seizures can be 
minimized in this setting [17,18]. In addition, remimazolam pro-
vides minimal hemodynamic perturbation and requires less sup-
port from vasopressors than propofol [19]. 

This case report describs for the first time the successful main-
tenance of anesthesia with remimazolam in a patient with epilep-
sy controlled by DBS. The drug is also expected to be beneficial 
in the sedation of patients with epilepsy or status epilepticus. 
However, generalization is limited by the study setting of the case 
report. Therefore, further randomized controlled studies are re-
quired.  

CONCLUSION 

To our knowledge, this is the first case of successful mainte-
nance of anesthesia with the novel benzodiazepine, remimazolam, 
in a patient with epilepsy controlled by DBS of the bilateral ante-
rior thalamic nuclei. Remimazolam could be a reasonable alterna-
tive to propofol as the main anesthetic agent in patients with epi-
lepsy. 
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INTRODUCTION 

Schwannoma is the most common tumor of peripheral nerve, which originate 
from Schwann cells around axons of motor and sensory neurons [1]. Typically, 
they are painless, slow-growing, isolated, firm and round laterally movable masses 
[2]. Patients with a peripheral nerve schwannoma may exhibit Tinel’s sign which 
is the paresthesia in the distal distribution of the affected nerve upon tapping. In 
the periphery, it occurs more commonly in the upper extremities than in the low-
er extremities, and among them, sciatic schwannomas are rarely reported [3,4]. In 
addition, approach to the sciatic nerve is not familiar to neurosurgeons because it 
is not a common site for nerve entrapment syndrome or injury. 

In this article, we report a patient whose schwannoma was successfully enucle-
ated in the midportion of the sciatic nerve guided by the intraoperative nerve 
stimulation, focusing on the technical and anatomical aspects of surgery. 

Ethical statements 
This study was exempted from review by the Institutional Review Board (IRB) 
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Case Report

Advances in intraoperative neurophysiological monitoring (IONM) have enabled 
safer peripheral nerve tumor surgery. We report a patient in whom a large sciatic 
nerve schwannoma was successfully removed using intraoperative nerve stimula-
tion. A 62-year-old male presented with a palpable mass in the right posterior up-
per thigh, just below the gluteal fold. Magnetic resonance imaging showed an ap-
proximately 9-cm encapsulated solid mass in the middle of the sciatic nerve. After 
a vertical skin incision with a laterally curved upper end extending to the inferior 
gluteal region, the proximal sciatic nerve was secured laterally to the biceps femo-
ris and the distal nerve medial to the muscle. We avoided causing trauma to the 
viable nerve fascicles by dissecting through the “safe zone,” as confirmed by mon-
itoring the distal muscle contractions induced by intraoperative nerve stimulation 
on the tumor surface. In this report, we present the details of our surgical ap-
proach to the middle portion of the sciatic nerve and the use of IONM for safe 
tumor excision. 

KEY WORDS: Intraoperative neurophysiological monitoring, Neurilemmoma, 
Sciatic nerve
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of the Yeouido St. Mary’s Hospital (IRB No: SC22ZISE0154). 

CASE REPORT 

A 62-year-old male presented with palpable mass in the right 
posterior upper thigh, just below the gluteal fold. The mass had 
been continuously growing for 3 years and reached the size of a 
tennis ball. At first it was asymptomatic, but after 2 years, the pa-
tient began to feel dull pain around the mass. He had no history of 
benign or malignant tumors anywhere else on his body and had 
no café au lait macules. On physical examination, the mass was 
firm and movable only in the lateral direction to the sciatic nerve. 
Tinel’s sign was negative. He showed no neurological symptom or 
sign with all motor and sensory functions preserved in the right 
leg. Magnetic resonance imaging showed about 9-cm-sized en-
capsulated solid mass in the middle of the sciatic nerve, just be-
neath the biceps femoris muscle. It was isointense to nearby mus-
cles on T1-weighted images, and hyperintense on T2-weighted 
images with heterogenous contrast enhancement (Fig. 1). Con-
sidering continuous growth of the mass, and aggravating discom-
fort in the thigh, surgical removal of the tumor was planned. 

Surgery was performed with the patient in prone position. To-
tal intravenous anesthesia using propofol and remifentanil was ap-
plied for intraoperative nerve stimulation and electromyography 
(EMG) monitoring of distal muscles. Rocuronium, the muscle 
relaxant, was used only for endotracheal intubation and then 
stopped immediately. Stimulation induced EMG waveform re-
cording was prepared in gastrocnemius muscle for tibial nerve 
and in tibialis anterior muscle for common fibular nerve. In addi-
tion, transparent surgical drape was used for visual observation of 
stimulation induced distal muscle contraction (Fig. 2A). 

We made a vertical skin incision on the middle of the palpable 
mass with laterally curved upper end to the inferior gluteal region 
(Fig. 2B). The tumor was located just deep to the biceps femoris 
and gluteus maximus, and was compressing the biceps femoris, 
making it thin and wide. We exposed the tumor-bearing sciatic 
nerve from the proximal 3 cm to the distal 3 cm. Proximally, sciat-
ic nerve was revealed by retracting the gluteus muscle upward and 
the biceps femoris muscle to medial direction (Fig. 2C). Howev-
er, the biceps femoris muscle should be retracted to lateral direc-
tion when we obtained the sciatic nerve distal to the tumor (Fig. 
2D). We could avoid excessive muscle stretching by retracting the 
biceps femoris medially and laterally as needed. 

After exposing the whole tumor, the proximal and distal sciatic 
nerve circumferentially, we stimulated the surface of the tumor to 
find the ‘safe zone’, the area that fascicles are widely splayed apart, 
suitable for beginning dissection [5]. A stimulating electrode was 
applied on the surface of the tumor with 5 Hz, 2 mA stimulation. 
Any distal muscle contraction, detected by the EMG recording or 
by visual observation, were marked on the tumor surface (Fig. 3). 
A safe dissection zone was established, and the tumor was careful-
ly dissected from the traversing fascicles. Internal neurolysis was 
performed using microsurgical technique to find the one fascicle 
entering and exiting the tumor (Fig. 4A, B). Stimulation of the 
fascicle showed no distal muscle contraction and then coagulated. 
The 9.0 × 6.0 × 3.5 cm tumor was successfully enucleated with 
each proximal and distal tumor related nerve fascicles ligated (Fig. 
4C). It was histologically confirmed as schwannoma. 

The postoperative course was uneventful. All motor and senso-
ry functions of the right leg was preserved until the last follow-up 
day, 6 months after surgical removal. 

Fig. 1. Magnetic resonance imaging showing a 9-cm tumor in the right sciatic nerve. It was hyperintense on T2-weighted images with 
heterogeneous contrast enhancement. (A) Coronal T2 fat-suppressed image, (B) axial T2-weighted image, (C) sagittal T1-weighted 
image with contrast enhancement.
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Fig. 2. (A) A transparent drape was used to observe nerve stimulation-induced distal muscle contraction. (B) Incision for the ap-
proach to the sciatic nerve in the upper and middle thigh. (C) The proximal tumor was observed laterally to the long head of the bi-
ceps femoris muscle (arrow). (D) The distal tumor and sciatic nerve can be observed medially to the retracted biceps femoris muscle 
(arrow).

Fig. 3. Photographs confirming whether distal muscle contraction occurred while stimulating the surface of the tumor. (A) The safe 
dissection zone is marked. (B) Right gastrocnemius muscle contraction was observed in the electromyographic recording.
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DISCUSSION 

Most patients with peripheral nerve schwannoma have intact 
neurological function because they grow slowly, elongating the 
fascicles of affected nerve [1,6,7]. Therefore, successful surgical 

removal of a peripheral schwannoma must meet two require-
ments. The first is complete tumor removal without remnant tu-
mor cells, and the second is a safe operation that preserves preop-
erative neurological functions as much as possible. 

Since the middle portion of the sciatic nerve is not a location 
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where nerve entrapment syndrome commonly occurs, the surgi-
cal approach is not familiar to neurosurgeons, and it is difficult to 
find detailed techniques in the literature [4,8]. Because the tumor 
in this patient was large, sufficient proximal and distal exposure 
including the middle portion of the sciatic nerve was required. 
When removing the patient’s tumor, damage to the connective 
tissue could be minimized with an appropriate anatomical ap-
proach, and functioning nerve fascicles could be preserved as 
much as possible through intraoperative neurostimulation-guided 
dissection. The following three factors were essential for surgical 
removal of this patient’s tumor safely and effectively. 

Exposing the middle portion of the sciatic nerve 
We made a vertical skin incision in the posterior aspect of up-

per thigh, on the middle of the palpable mass, with laterally 
curved upper end to the inferior gluteal region (Fig. 2B). This in-
cision facilitated direct access to the tumor in the middle portion 
of the sciatic nerve and was useful for securing the proximal sciat-
ic nerve by lifting the gluteus maximus muscle. Access to the pyri-
formis muscle, which can cause entrapment syndrome of the 
proximal sciatic nerve, is possible through the transgluteal ap-
proach [9]. However, in this patient, access to the distal portion 
rather than the location of the pyriformis muscle was required, 
and simultaneous exposure of the upper and middle sciatic nerves 
was required. Therefore, we retracted the gluteal muscle in an up-
ward direction, which helped to minimize the muscle injury that 
could occur in the transgluteal approach and provided sufficient 
visual field for surgery. 

Retracting direction of biceps femoris muscle 
To successfully remove the peripheral nerve schwannoma, the 

proximal and distal portions of the nerve, including the location 
of the tumor, must be secured [10-12]. In this case, the tumor was 

located just beneath the long head of the biceps femoris muscle 
and was compressing and thinning the muscle. Therefore, in or-
der not to separate the biceps femoris, it was necessary to be re-
tracted laterally or medially. In the proximal area of the thigh, the 
tumor and proximal sciatic nerve were exposed only when the bi-
ceps femoris long head was retracted in the medial direction (Fig. 
2C). However, when the biceps femoris was retracted to the me-
dial, the distal portion of sciatic nerve to the tumor could not be 
observed or excessive muscle retraction was inevitable which 
could lead to serious muscle damage. The distal sciatic nerve 
could be easily secured by retraction of the biceps femoris in the 
lateral direction, which is opposite to the direction of muscle re-
traction for exposing the proximal sciatic nerve (Fig. 2D). We 
could easily perform neurolysis at the proximal and distal end of 
the neurogenic tumor through this retraction method, and pre-
vent surgical complications related to excessive muscle damage. 

Intraoperative neurostimulation-guided internal neurolysis 
Advances in intraoperative neurophysiological monitoring 

(IONM) have greatly contributed to the safety of brain and spine 
surgery, as to peripheral nerve surgery. In neurosurgery, it is im-
portant to monitor the integrity of the nervous system from cen-
tral to peripheral. While most of IONM technique shows dam-
aged nerve function after manipulation, in peripheral schwanno-
ma surgery, however, it helps to determine which area to avoid 
dissection to prevent nerve damage before manipulation. We 
stimulated the surface of the tumor to find the ‘safe zone’, with a 
stimulating electrode. Stimulation induced EMG waveform was 
monitored in gastrocnemius muscle and in tibialis anterior mus-
cle (Fig. 3) [5,13]. Additionally, visual observation and palpation 
of the distal muscles enhances the effectiveness of detecting stim-
ulation-induced muscle contractions. We applied the transparent 
drape in lower leg that helped to visually detect the contraction of 

Fig. 4. (A, B) Internal neurolysis was performed to find a single fascicle (white arrows) entering and exiting the tumor. (C) The 
9.0×6.0×3.5 cm tumor was successfully enucleated. Black arrow: parent sciatic nerve.
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the distal muscles while keeping the surgical field sterile (Fig. 2A). 
Through the marked safe dissection plane, the tumor was safely 
removed from the sciatic nerve proper. 

CONCLUSION 

Understanding the relevant anatomy and retracting the biceps 
femoris long head to an appropriate direction helped us remove a 
large schwannoma in the middle portion of sciatic nerve, mini-
mizing muscle damage. The use of intraoperative nerve stimula-
tion-guided tumor dissection was useful to preserve viable fasci-
cles of parent nerve.  
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INTRODUCTION 

Neurovascular compression syndrome (NVCS) is defined as compression of 
a cranial nerve by a redundant or aberrant vascular structure at the root entry 
zone or root exit zone (REZ) of the relevant cranial nerve from the brainstem 
[1-5]. Trigeminal neuralgia (TN) is the most frequent syndrome with an inci-
dence of 4–20/100,000 population [6,7], followed by hemifacial spasm (HFS), 
glossopharyngeal neuralgia (GN), and vestibular paroxysmia [8]. Pulsatile tinni-
tus is also known NVCS by vascular compression of the caudal surface (cochlear 
nerve) of the vestibulocochlear nerve [9]. However, this condition has not been 
clearly defined. 

The combined manifestation of NVCS is very rare with the prevalence of ap-
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Case Report

Neurovascular compression syndrome is generally caused by vascular compres-
sion at the root entry or exit zone of the corresponding cranial nerve. Trigeminal 
neuralgia is the most frequent syndrome, followed by hemifacial spasm. Despite 
ongoing debate in the literature, pulsatile tinnitus is also known to be a neurovas-
cular compression syndrome resulting from vascular compression of the vestibu-
locochlear nerve. Combined manifestations of neurovascular compression symp-
toms are very rare. We report a case with a simultaneous manifestation of trigemi-
nal neuralgia, hemifacial spasm, and pulsatile tinnitus as neurovascular compres-
sion syndrome with separate offending vessels. A 53-year-old female presented 
with lancinating pain in the left face, left hemifacial spasm, and ipsilateral pulsatile 
tinnitus for 2 years. Trigeminal neuralgia and hemifacial spasm were diagnosed af-
ter a neurological examination, imaging study, and electromyography. Microvas-
cular decompression via a retrosigmoid approach for separate offenders, includ-
ing the superior cerebellar artery, anterior inferior cerebellar artery, and posterior 
inferior cerebellar artery was performed using Teflon sponges. The patient’s 
hemifacial spasm, pulsatile tinnitus, and hemifacial pain improved immediately 
after microvascular decompression. 

KEY WORDS: Trigeminal neuralgia, Hemifacial spasm, Tinnitus, Microvascular 
decompression surgery
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proximately 3% [10,11]. Previous studies indicated the combina-
tion of TN-HFS-GN by multiple offending vessels or dolichoec-
tatic single offender [10]. Pulsatile tinnitus is sometimes accom-
panied with HFS due to the anatomically close relationship be-
tween the cochlear nerve and the facial nerve. 

Here, we report a unique case of simultaneous coexistence of left 
TN, HFS, and pulsatile tinnitus because of the separate offending 
vessels including right superior cerebellar artery (SCA), posterior 
inferior cerebellar artery (PICA), and anterior inferior cerebellar ar-
tery (AICA), respectively, in which the symptoms were successfully 
treated with microvascular decompression (MVD). 

CASE REPORT 

A 53-year-old female with no past medical history presented 
paroxysmal lancinating pain in left face, left HFS and ipsilateral 
pulsatile tinnitus for 2 years. On physical examination, neurologi-
cal examination revealed intermittent paroxysmal lancinating pain 
in left V1, V2, and V3 dermatome. She was treated with medica-
tion using tegretol and botulinum toxin injections. Although, after 
three times botulinum toxin injections for 1 year, she was suffered 
from progressive left facial pain, especially V1 dermatome, which 
was often triggered by minimal stimulation of the affected area 
and worsened ipsilateral pulsatile tinnitus with HFS. 

Magnetic resonance imaging angiography revealed a neurovas-

cular compression of the left trigeminal nerve and facial nerve by 
the SCA and the PICA, respectively (Fig. 1, 2). The patient was 
taken to MVD surgery through a retrosigmoid approach. Intraop-
erative neurophysiological monitoring (facial nerve electromyog-
raphy and brainstem auditory evoked potential [BAEP]) moni-
toring was conducted. Neurovascular compression was confirmed 
with intraoperative finding caused by SCA at root entry zone for 
trigeminal nerve, PICA at REZ for facial nerve, and AICA at cis-
ternal portion for vestibulocochlear nerve (Fig. 3–5). The offend-
ing vessels were moved away from the site and the decompression 
was secured by inserting Teflon sponges, placed between the of-
fending vessels and the cranial nerves, respectively. The patient 
reported complete resolution of all her previous symptoms in-
cluding lancinating facial pain, HFS and pulsatile tinnitus in the 
immediate postoperative period. She remained neurologically in-
tact and asymptomatic at 36 months follow-up visits. 

Ethical statements 
Informed consent was waived by the institutional review board. 

DISCUSSION 

NVCS is characterized by functional disturbance of a cranial 
nerve by vascular compression at the REZ of the relevant cranial 
nerve from the brainstem. The accepted underlying pathophysio-

Fig. 1. Preoperative 3-T time-of-flight magnetic resonance an-
giography sequence shows the left superior cerebellar artery 
compressing the trigeminal nerve.

Fig. 2. Preoperative 3-T time-of-flight magnetic resonance an-
giography sequence shows the left posterior inferior cerebellar 
artery loop site causing neurovascular compression of the facial 
nerve.
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logical mechanism of these compression syndromes suggested 
that the nerve encounters a blood vessel in the region of the REZ 
of the relevant cranial nerve at the brainstem. The nerve is espe-
cially sensitive to mechanical stimulation at the site of transition 
between central and peripheral myelin, causing clinical symptoms 
of nerve compression [2,8]. 

TN is the most common NVCS with overall prevalence is esti-
mated to be in the range of 4–20/100,000 population [6,7], fol-
lowed by HFS, GN, and vestibular paroxysmia [8]. TN is usually 
induced by the SCA alone or in association with other vessels was 
the compression artery in 88% of patients, AICA in 25%, and a 

vein in 5.5% [8]. For HFS, Barker et al. [12] reported compres-
sion of the facial nerve was by the PICA in 68%. The AICA and 
the vertebral artery accounted for most of the remaining cases. 

Combined NVCS is rare. Combined NVCS with TN, HFS, 
and GPN has only been reported nine times in the literature [10]. 
Most cases of combined NVCS were associated with a tortuous 
vertebrobasilar artery and a narrow posterior fossa [13]. When it 
comes to tinnitus, it has various etiologies. Therefore, it is difficult 
to determine if a patient’s tinnitus is related to NVCS of the audi-
tory nerve. MVD for pulsatile tinnitus provide benefit to patients 
with accurate diagnosis of NVCS. 

In this case, TN, ipsilateral HFS, and pulsatile tinnitus on the 
ipsilateral side were present simultaneously. In most of the previ-
ous literature, it was often caused by a vertebobasilar artery and a 
narrow occipital fossa. However, in this case, it is noteworthy that 
combined NVCS was caused by separate offenders.  

What was disappointing in this case was that the BAEP test was 
not performed before the operation, because pulsatile tinnitus 
was initially considered as an indirect auditory nerve compression 
symptom of facial nerve compression. Usually, in the case of pul-
satile tinnitus, there are characteristic BAEP findings, but it is a 
pity that it was not confirmed before surgery. 

The selection criteria for MVD operations for tinnitus have var-
ied. All the patients for the above discussed study [14] had severe 
tinnitus and were selected for the operation on the basis of history 
and to some extent on audiological test results. Narrow dips in the 
pure tone audiogram, poorer speech discrimination than normal 
based on hearing loss are signs of involvement of the auditory 

Fig. 3. A microscopic view shows the superior cerebellar artery 
(SCA) compressing the trigeminal nerve. CN: cranial nerve.

Fig. 5. A microscopic view shows the posterior inferior cere-
bellar artery (PICA) compressing the facial nerve root exit zone 
(REZ). AICA: anterior inferior cerebellar artery, CN: cranial nerve, 
VA: vertebral artery.

Fig. 4. A microscopic view shows the anterior cerebellar artery 
compressing the vestibulocochlear nerve. AICA: anterior inferior 
cerebellar artery, CN: cranial nerve.
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nerve. Abnormalities in the BAEP, in the form of prolonged inter-
peak latencies I–III and delayed or absent peak II were strong indi-
cations of vascular contact with the auditory nerve. 

Unlike the trigeminal nerve and facial nerve, the characteristic 
of auditory nerve vascular compression is not only found mainly 
in the neuromuscular origin, but also in the junction between the 
neuromuscular origin and the periphery in many cases. In our 
case, it was confirmed that the trigeminal nerve and facial nerve 
were being compressed at the root of the nerve root, but in the 
case of the auditory nerve, they were being compressed further 
away from the origin. 

MVD is non ablative procedure without association with facial 
numbness, therefore, it is the most attractive option for NVCS 
such as TN and HFS, where surgical success rates are approxi-
mately 80–88% and 80%, respectively [15,16]. MVD for tinnitus 
has lower success rate. Only a few studies of the results of MVD 
operations for tinnitus have been published involving much fewer 
patients than studies of MVD operations for TN and HFS. The 
reported results of MVD operations for tinnitus are not nearly as 
encouraging as they are for TN, HFS or pulsatile tinnitus. There-
fore, it is even more complex and demanding to select tinnitus pa-
tients for MVD operations. In this case, preoperative BAEP was 
not performed for pulsatile tinnitus. During the operation moni-
toring for tinnitus, improved. If pulsatile tinnitus caused by vascu-
lar compression, it’s better to perform preoperative BAEP as base-
line study. 

CONCLUSION 

The combined NVCS composed of TN, HFS, and pulsatile 
tinnitus is rare and may be manifested with separate offenders. In 
such cases, MVD using the Teflon via retrosigmoid approach 
should be considered as an effective and generally safe option for 
the transposition of the offending artery and decompression of 
the affected nerve roots and brainstem. 
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서론

Leksell GammaPlan® (감마플랜)은 단층 촬영 영상이나 투사 영상을 기반으로 하

여 정위적 방사선 수술하기 위한 치료 계획 응용 소프트웨어이다. 감마플랜에서는 

컴퓨터 워크스테이션을 통해 디지털 영상을 획득하고 처리하며, 시뮬레이션 및 치

료 계획을 수립할 수 있다. 해당 프로그램은 혈관조영술로 획득한 투사 영상 외에도 

컴퓨터 단층 촬영(computed tomography, CT), 자기공명영상(magnetic resonance im-

age, MRI) 및 양전자 방출 단층 촬영(positron emission tomography) 등 다양한 영상

들을 활용할 수 있으며, 이렇게 하여 투사 영상의 혈관 구조와 CT 및 MRI로 촬영된 

조직 구조를 직접 비교할 수 있다. 치료 계획 프로그램을 사용하면, 단일한 표적 또

는 다수의 표적에 대하여도 한 번에 치료 프로토콜을 계획할 수 있다. 치료 계획 수

립 시 단일 또는 다수의 표적을 결정하고 치료 과정에서 사용할 콜리메이터(collima-

tor) 헬멧의 제반 구성을 고안하며 감마플랜에서 제공할 방사선 조사의 매개 변수들

을 결정한다. 본문에서 설명하는 프로그램은 감마플랜 버전 10.1 이상의 프로그램을 

설명한다.

감마나이프 수술 과정

감마나이프 수술의 대략적인 순서는 아래와 같다.

렉셀 감마플랜의 사용

김무성, 김성민, 이원희, 표세영
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Technical Report

The Gamma Knife is a specialized tool for precisely delivering high-dose radia-
tion to treat benign brain tumors, arteriovenous malformations, metastatic brain 
tumors, and some functional brain diseases. In recent years, more brain diseases 
have been treated with minimally invasive approaches, including radiosurgery or 
craniotomy followed by radiosurgery, to avoid surgery-related neurological defi-
cits as much as possible. The Gamma Knife is playing a leading role as a precise 
radiosurgical tool, and it is very popular. The users of the Gamma Knife—and, in 
fact, all neurosurgeons—can benefit from knowledge regarding the process of ra-
diosurgery. In this article, we introduce the process of planning radiosurgery with 
GammaPlan®.

KEY WORDS: Radiosurgery, Software, Planning techniques
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1. Leksell® Coordinate Frame 착용

2. 영상 획득

- MRI 영상 획득

- CT 영상 획득: 심장 pacemaker 등 부착 환자에서 CT를 이용함

- 혈관조영 영상획득: 뇌동정맥기형, 뇌동정맥루나 선택적 뇌동맥류 

등에서 시행

- ColorPETTM: 전이성뇌종양환자 등에서 드물게 시행

- 시행한 MRI 등 영상을 의료용 디지털 영상 및 통신(digital imaging 

and communications in medicine)을 통해 전송 받아 환자 불러오기 

3. 등선량 윤곽 결정(Fig. 1)

등선량 윤곽은 환자의 영상에서 방사선 조사 위치를 지정하여 사

용자가 수립하는 조사 계획을 나타낸다. 등선량 윤곽은 적어도 1개 

이상의 조사 위치를 지정할 때 표시되며 해당 영상에서 유색의 곡선

으로 나타난다.

4. Anterior commissure (AC)-posterior commissure (PC)  

연결선: 감마나이프 시상부절제술이나 정신질환의 수술 때 사용함

AC-PC 연결선은 전방교련점과 후방교련점을 서로 연결한 것이며 

표적의 수식을 표시할 때 기준점으로 사용된다.

5. 단층 촬영 영상 세트를 자동으로 정의

1) 환자의 파일을 연 다음, 정의하려는 단층 촬영 영상 세트를 포함

한 해당 방사선 검사를 연다.

2) 정의하려는 해당 영상 세트의 아이콘을 클릭한 다음, Define을 선

택한다.

치료 전, 치료 후, 각 영상의 적합 부위 맞추기, coordinator로 사용

할 영상 define, 타영상 co-registration, frame 길이 확인, 이격 거리 확

인, 표적거리기를 할 수도, 하지 않을 수 있으며, Study Definition Op-

tions 대화 상자와 Define Study 대화 상자가 동시에 열린다. Study 

Definition Options 대화 상자는 Use third plate 옵션 및 Define Manual-

ly 옵션과 Set 단추 및 Help 단추를 각각 포함하고 있다.

3) ImageMergeTM로 영상 세트 합침

표시기 상자 없이 획득한 영상과 기준점 마커를 이용해 정의할 수 

없는 영상 세트의 경우, 표시기를 가진 다른 영상 세트와 합쳐서 치

료 계획 수립에 사용할 수 있다. 영상을 합치는 과정은 ImageMergeTM 

소프트웨어로 할 수 있고 ImageMergeTM는 영상 세트를 합치는 것뿐

만 아니라 그에 따른 상호 일치도를 확인할 수 있는 기능을 제공한다

(Fig. 2).

4) AtlasSpace®

AtlasSpace®는 Schaltenbrand and Wahrend의 “인간 두뇌 정위술 도

감”을 출처로 한 전자 뇌도감으로 AtlasSpace®는 옵션 기능에 속하고 

Schaltenbrand and Wahren 뇌도감의 3개 부속 시리즈(축상, 관상 및 

시상 방향)를 사용한다. 이러한 3개 부속 시리즈는 디지털화 작업을 

거쳐 2개의 반구를 포함하도록 확장되고 이미 있는 영상에 덧붙여 

사용할 수 있다. 3가지 영상 방향으로 동시에 배치할 수 있다(Fig. 3).

5) 치료 계획 도구

- 마우스로 첫째 조사 추가(Fig. 4A)

- 첫 번째 조사의 위치를 유지하려면 Set 클릭

- 조사의 추가(Fig. 4B–D)

- 조사의 감마선 각도: 일반적으로는 90°를, 후두부는 110°, 안구 내

는 70°를 사용하기도 한다.

- 조사의 가중치 조정: 뇌교나 혈관이 붙은 부위, 시신경 인접 부위 

등에는 w (weight)를 작게 준다.

6) 조사 윤곽 정의(Fig. 5)

7) 최적화에 사용되는 목표 함수 및 조건 정의

• Coverage (적용 범위)는 처방 등선량 체적(peripheral isovolume, 

PIV)에 포함되는 표적 체적(total volume, TV)의 비율—예: 체적

(PIV∩TV)/체적(TV)

• Selectivity (선택성)는 표적 체적(TV) 내 처방 등선량 체적(PIV)의 

비율—예: 체적(PIV∩TV)/체적(PIV) (Fig. 6)

• Gradient index (굴절률)는 처방 등선량 체적 크기의 절반과 처방 등

선량 체적 크기 사이의 비율—예: 계획 등선량이 50%인 경우, 체적

(PIV50%)/체적(PIV25%)
일반적으로 굴절률은 선량 낙하의 가파름을 정량화하는 데 사용된

다.

8) 동적 형태화

중요한 구조에 제공되는 선량을 최소화하기 위해서 동적으로 형태

화할 조사분포를 선택한다. 이것은 보통 중요 구조 부근의 표적 내에 
Fig. 1. Isodose outline. After completing the planning radiation 
isodose line at 90%, 50%, and 10% could be identified.
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포함된 모든 조사에 해당되지만 표적 내 조사 중 일부 또는 1개의 조

사만 선택할 수도 있다.

9) 동적으로 형태화된 조사의 배치: 시상부절제술 등에서 이용한다.

- 형태화된 조사 분포는 미세하게 조정할 수 있다. 예를 들어, 콜리메

이터 크기가 16 mm로 균일한 조사는 동적 형태화 이후 일부 16 mm 

섹터를 자동으로 차단할 수 있다. 더 작은 콜리메이터 크기도 허용

될 수 있으므로, 조사 설정을 다시하여 허용되는 최대 콜리메이터 

크기를 설정하고 변경할 조사를 조사 목록에서 선택한다. 작은 양

성 뇌종양은 주로 4, 8 mm 콜리메이터를 사용하며 16 mm는 악성 

뇌종양에서 많이 사용한다. 

- 동적 형태화 기능이 자동으로 차단한 섹터들을 확인(Fig. 7)
마우스 스크롤 휠을 사용하거나 콜리메이터 크기 단추에서 마우스 

오른쪽 단추를 클릭하고 변경할 콜리메이터를 위의 설명대로 “색

칠”하여 차단된 섹터들을 8 mm로 설정한다.

감마나이프 프로그램의 이격 제한

Leksell Gamma Knife® PerfexionTM의 이격 제한은 상세한 측정값을 

사용할 때와 치료 계획 응용 프로그램 점검에서 3가지의 개별적인 

제한을 적용한다[1-4].

1. 이격 없음(이격이 0 mm 이하로 추산됨) 

이격을 제공하지 않는 좌표에는 조사를 배치할 수 없다.

2. 좌표 프레임 어셈블리로부터 이격 거리(12 mm 기준) 

포스트, 좌표 프레임 또는 나사까지의 이격 거리가 12 mm 미만이

면 치료 계획 응용 프로그램은 치료 전에 그 조사 위치에 대해 이격 

Fig. 3. AtlasSpace®. Deep nuclei could be visualized indirectly 
with embedded Atlas.

Fig. 2. ImageMergeTM. Computed tomography and magnetic resonance imaging of the patient was fused in the ImageMerge pro-
cess.
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Leksell GammaPlan

Fig. 4. The addition of the shots. (A) First shot. (B) Second shot. (C) Third shot. (D) Fourth shot.

Fig. 5. Definition of the isodose outline. Radiation isodose lines 
were defined.

Fig. 6. Selectivity. Selectivity=peripheral isovolume (PIV)/total 
volume (TV).
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의 가장자리에 조사되는 선량을 주변선량(marginal doses)이라고 한

다. 표적에 조사되는 최소선량이 되므로 최소선량이라고 하며 50%

의 등선량 곡선을 표적의 가장자리에 맞추고 24 Gy를 최대선량으로 

조사하면 표적에는 최소 12 Gy가 조사되는 것이다. 

감마나이프 선량 계산 때 주요구조물 시신경은 8–9 Gy, 시신경교

차는 10 Gy, 큰 혈관은 18 Gy, 뇌간은 12 Gy, 척수는 15 Gy, 해면정맥

동은 약 18–20 Gy, cochlea는 4 Gy 이하가 조사되어야 한다. 감마나이

프는 방사선이 한번 조사되면 번복이 불가능하여 선량은 너무 많은 

양보다는 부작용을 최소로 하는 적은 선량을 주는 것이 좋다.

결론

감마나이프는 방사선 수술 장비 중에서 가장 정확도가 높은 장비

이다. 최근 새로운 방사선 수술 장비가 소개되거나 기능이 향상되어 

출시되고 있음에도 불구하고 감마나이프는 여전히 뇌방사선 수술의 

기준 역할을 하고 있다. 저자는 이 글을 통해 감마나이프 방사선 수

술의 과정에 대하여 간략히 소개하였으며 감마나이프의 사용자 또는 

비사용자에게 도움이 되기를 바란다.
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점검이 필요함을 표시한다. 좌표 프레임으로부터의 이격 거리가  

12 mm 이상인 조사 위치는 치료 전 이격 점검이 필요하지 않다.

3. 환자의 두부로부터의 이격 거리

1) 환자의 두부(측정 결과로 정의된 두개골)로부터의 거리가 19 mm

인 경우: Skull scaling instrument를 사용하여 두개골을 정의했을 경우 

환자 두부까지의 이격 거리가 19 mm 미만이면 치료 계획 응용 프로

그램은 치료 전에 그 조사 위치에 대해 이격 점검이 필요하다고 알려

준다. 환자 두부로부터의 이격 거리가 19 mm 이상인 조사 위치는 치

료 전 이격 점검이 필요하지 않다.

2) 환자의 두부(CT 영상으로 정의된 두개골)로부터의 거리가 12 mm

인 경우: CT 영상을 사용하여 두개골을 정의했을 경우 환자 두부까

지의 이격 거리가 12 mm 미만이면 치료 계획 응용 프로그램은 치료 

전에 그 조사 위치에 대해 이격 점검이 필요하다고 알려준다. 환자 

두부로부터의 이격 거리가 12 mm 이상인 조사 위치는 치료 전 이격 

점검이 필요하지 않다.

시신경 등 주요구조물그리기, grid 설정하기, 실제샷을 이용한 방

사선 계획, clearanace 확인 후 approve하여 환자를 감마나이프 기계

가 있는 방으로 이동하여 치료를 시작한다. 

감마나이프 선량 계산 시 고려사항

감마나이프에서는 통상 50% 이상의 등선량 곡선을 선택하며 표적

Fig. 7. Automatic patterning. Dynamic patterning to automati-
cally identify the blocked sectors.
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Instructions for authors

General Information

1) Journal of the Korean Society of Stereotactic and Functional Neu-
rosurgery (J Korean Ster Func Neurosurg, JKSFN) is a peer-re-
viewed journal and the official journal of the Korean Society of 
Stereotactic and Functional Neurosurgery, and published twice a 
year on the last day of June and September. This Journal publishes 
important papers covering the whole field of neurosurgery, in-
cluding studies in neuroscience, neurology, and molecular biology. 
Studies on rare cases and technical notes of special instruments or 
equipment that might be useful to the field of neurosurgical sci-
ence are also acceptable. Papers, to be accepted, will include clini-
cal articles (clinical and laboratory research), case reports, brief re-
ports, technical reports, review articles, letters to the editor, etc. 
Review articles can be published upon specific request by the 
journal. Authors can publish special drafts with the approval from 
the editorial board. Case reports should be brief, and avoid an ex-
tensive review of the literature.

2) Material submitted for publication should be the result of a recent 
investigation, should be scientifically sound, and should be well 
organized theoretically. Manuscripts are considered for publica-
tion with the understanding that they have not been published 
previously and are not under consideration by another journal. 
JKSFN follows Recommendations for the Conduct, Reporting, 
Editing, and Publication of Scholarly Work in Medical Journals 
(http://www.icmje.org/) in cases not described otherwise below.

Research Ethics

All of the manuscripts should be prepared in strict observation of 
research and publication ethics guidelines recommended by the 
Council of Science Editors (http://www.councilscienceeditors.org), 
International Committee of Medical Journal Editors (ICMJE, http://
www.icmje.org), World Association of Medical Editors (WAME, 
http://www.wame.org), and the Korean Association of Medical 
Journal Editors (KAMJE, https://www.kamje.or.kr). Any study in-
cluding human subjects or human data must be reviewed and ap-
proved by a responsible institutional review board (IRB). Please re-
fer to the principles embodied in the Declaration of Helsinki, re-
vised in 2013 (https://www.wma.net/policies-post/wma-declara-
tion-of-helsinki-ethical-principles-for-medical-research-involv-

ing-human-subjects/) for all investigations involving human mate-
rials. If ethical approval is not required, authors must provide an ex-
emption from the ethics committee that indicates ethics approval is 
not required for this type of study. For non-interventional studies 
(e.g. surveys, questionnaires, social media research), all participants 
must be fully informed if the anonymity is assured, why the research 
is being conducted, how their data will be used and if there are any 
risks associated.

Animal experiments also should be reviewed by an appropriate 
committee (IACUC) for the care and use of animals. If ethical ap-
proval is not required, authors must provide an exemption from the 
ethics committee. The editors will require that the benefits poten-
tially derived from any research causing harm to animals are signif-
icant in relation to any cost endured by animals, and that proce-
dures followed are unlikely to cause offense to the majority of read-
ers. Authors should particularly ensure that their research complies 
with the commonly-accepted '3Rs': Replacement of animals by al-
ternatives wherever possible, Reduction in number of animals used, 
and Refinement of experimental conditions and procedures to min-
imize the harm to animals. Authors must include details on hous-
ing, husbandry and pain management in their manuscript.

Also studies with pathogens or Cell Lines requiring a high degree 
of biosafety should pass review of a relevant committee (IBC). 
Methods sections for submissions reporting on research with cell 
lines should state the origin of any cell lines. For established cell 
lines the provenance should be stated and references must also be 
given to either a published paper or to a commercial source. If pre-
viously unpublished de novo cell lines were used, including those 
gifted from another laboratory, details of institutional review board 
or ethics committee approval must be given, and confirmation of 
written informed consent must be provided if the line is of human 
origin.

In studies of clinical tirals authors must follow the International 
Committee of Medical Journal Editors’ policy and deposit trial in-
formation and design into an accepted clinical trial registry before 
the onset of patient enrollment.

Publication Ethics

The editor of J Korean Soc Ster Func Neurosurg, may request sub-
mission of copies of informed consents from human subjects in 
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clinical studies or IRB approval documents. The J Korean Soc Ster 
Func Neurosurg, will follow the guidelines by the Committee on 
Publication Ethics (COPE, http://publicationethics.org) for settle-
ment of any misconduct.

1) Redundant Publication and Plagiarism
Redundant publication is defined as “reporting (publishing or at-
tempting to publish) substantially the same work more than once, 
without attribution of the original source(s)”. Characteristics of re-
ports that are substantially similar include the following: (a) “at least 
one of the authors must be common to all reports (if there are no 
common authors, it is more likely plagiarism than redundant publi-
cation),” (b) “the subject or study populations are often the same or 
similar,” (c) “the methodology is typically identical or nearly so,” and 
(d) “the results and their interpretation generally vary little, if at all.”

A study that has been posted on a preprint server is not consid-
ered as prior publication. However, the authors must notify in the 
title page whether their study has been posted on elsewhere.

If all or part of your patient population was previously reported, 
this should be mentioned in the Materials and Methods, with cita-
tion of the appropriate reference(s).

Please note that submitted manuscripts may be subject to checks 
using the iThenticate service, in conjunction with Similarity Check, 
in order to detect instances of overlapping and similar text. The 
iThenticate software checks submissions against millions of pub-
lished research papers, documents on the web, and other relevant 
sources. If plagiarism or misconduct is found, we will retract the ar-
ticle before peer-review process and contact the corresponding au-
thor requesting an explanation of the suspect material. In the event 
that a simple oversight is identified and corrected, no further action 
is needed. In more egregious cases, editors are obliged to contact the 
other authors of the manuscript and institutional leaders such as a 
department chair or dean, which may have serious consequences.

2) Data Fabrication
Data falsification can take many forms from overt to subtle. Clear-
cut fabrication of results has no place in scientific literature. It can 
be difficult to identify and often is found only when co-authors or 
collaborators find serious questions about a manuscript and bring 
them to attention. In one case, a reviewer of a manuscript provided 
evidence that the data presented in no way could have been collect-
ed by the submitting authors. Journals must rely heavily on the 
honor system because they do not typically have direct access to 
primary data. More subtle forms of data falsification include embel-
lishment, selective publication of results, or even non-publication of 
results. Efforts to limit these include clinical trials registration, pref-

erably at the outset of a study. The policy of the ICMJE, followed by 
our journals, is that all clinical trials should be registered, preferably 
before enrollment of the first patient. ICMJE defines a clinical trial 
as “any research study that prospectively assigns human partici-
pants or groups of humans to one or more health-related interven-
tions to evaluate the effects on health outcomes” (http://www.icmje.
org/about-icmje/faqs/clinical-trials-registration/). Note that certain 
publishable studies, such as retrospective studies or the use of regis-
try data, do not currently require registration. Manipulation of fig-
ures is sometimes unethically done to support or strengthen a hy-
pothesis. It is made easier with modern photo editing programs, 
but the same programs help us detect figure manipulation. A more 
subtle issue occurs when, if an author discovers after publication an 
error that he/she made, he/she ignores it to avoid embarrassment 
or to just avoid the bother of correcting it. Instead, the author 
should always notify the editorial office and get an erratum at-
tached to the article. Not doing so is also considered unethical.

Authors have the responsibility to ensure that their published in-
formation is correct, to the best of their knowledge.

3) Conflicts of Interest
Conflicts of interest may involve many individuals in the publica-
tion process including authors, reviewers, or editors. Conflicts may 
be financial, legal, scientific, or personal, including academic com-
petition. Authors should address the statements regarding potential 
conflicts of interest including related information in a separated 
section entitled “Conflict of Interest” in their submitting manu-
script. If there is no interest to declare then please state this: ‘There 
is no conflict of interest to disclose.’ The Editor-in-chief may reject 
manuscript that does not fulfill the above mentioned guideline.

4) Informed Consent
Every individual has a right that cannot be infringed. Individuals 
participating in research have the right to determine what happens 
to collected (identifiable) personal data, what they say in research 
or interviews, and what happens to the pictures taken. It is therefore 
important that all participants gave their informed consent in writ-
ing prior to their inclusion in the study. Details of the subject 
(name, date of birth, identity number, and other information) 
should not be published as written description, photographs, and 
genetic information unless it is essential for scientific purposes and 
the participant (or parent or guardian participant) gave their in-
formed consent for publication. When complete anonymity may 
not be achieved (for example, masking an eye area in a participant’s 
photo is inappropriate for anonymity protection), the author should 
obtains informed consent.



The following statement should be addressed in separated sec-
tion entitled “Informed consent”.

“Informed consent was obtained from all individual participants 
included in this study”. If informed consent is not required, the au-
thor must state that “this type of study does not require informed 
consent.”

5) Authorship
The J Korean Soc Ster Func Neurosurg, follows the recommenda-
tions for authorship by the ICMJE, 2013 (http://www.icmje.org/icm-
je-recommendations.pdf) and Good Publication Practice Guidelines 
for Medical Journals 2nd Edition (KAMJE, 2013, https://www.kam-
je.or.kr/board/view?b_name=bo_publication&bo_id=7).

The rules for authorship are clearly laid out by the ICMJE as fol-
lows.

Substantial contributions to the conception or design of the 
work; or the acquisition, analysis, or interpretation of data for the 
work; Drafting the work or revising it critically for important intel-
lectual content;

Final approval of the version to be published;
Agreement to be accountable for all aspects of the work in ensur-

ing that questions related to the accuracy or integrity of any part of 
the work are appropriately investigated and resolved.
Authors should meet conditions of 1, 2, 3, and 4. In addition, an au-
thor should be accountable for the parts of the work he or she has 
done and should be able to identify which co-authors are responsi-
ble for specific other parts of the work. Authors should have confi-
dence in the integrity of the contributions of their coauthors. All 
those designated as authors should meet all four criteria for author-
ship, and all who meet the four criteria should be identified as au-
thors. Those who do not meet all four criteria should be acknowl-
edged. These authorship criteria are intended to reserve the status of 
authorship for those who deserve credit and can take responsibility 
for the work. The criteria are not intended for use as a means to dis-
qualify colleagues from authorship who otherwise meet authorship 
criteria by denying them the opportunity to meet criterion 2 or 3. 
Therefore, all individuals who meet the first criterion should have 
the opportunity to participate in the review, drafting, and final ap-
proval of the manuscript.

6) Role of the committee on the publication ethics for an 
ethical problem
When there is an ethical issue any of listed above in a submitted 
manuscript, the committee on the publication ethics performs the 
following processes.
- Reviewer or editor raises ethical concerns about the manuscript.

- The committee on the publication ethics notifies the author of the 
ethical issue.

- The Author should answer to this issue.
- If the answer is satisfactory, the committee on the publication eth-

ics will apologize to the author and review process will be contin-
ued.

- If the answer is unsatisfactory, the review process will be stopped.
- If the issue is not resolved, the concerns are forwarded to author’s 

employer or person responsible for research governance at insti-
tution.

- If the issue is not resolved after the processes above, the issue is re-
ferred to other authorities.

Copyright Policy

JKSFN permanently retains the copyrights to all manuscripts pub-
lished in JKSFN (including those submitted and approved for pub-
lication but not yet published) since June 2005. Authors should 
complete and submit the Copyright Transfer Agreement signed by 
all authors, available on the website (https://submit.jksfn.org/).

Open Access Policy

Every paper published in JKSFN is freely available via our website 
(https://www.jksfn.org/). Articles published in JKSFN are distributed 
under the terms of the Creative Commons Attribution Non-Com-
mercial License (https://creativecommons.org/licenses/by-nc/4.0/), 
which permits unrestricted noncommercial use, distribution, and 
reproduction in any medium, provided the original work is prop-
erly cited.

Language

All manuscripts must be written in English or Korean. Authors 
should minimize the use of English abbreviations. Spell out all ab-
breviations at first occurrence, and then introduce them by placing 
the abbreviation in parenthesis after the term being abbreviated. All 
units should be given in metric system (The International System 
of Units: SI units).

Submission and Revision of Manuscripts

1) Authors are requested to submit their papers electronically by 
using online manuscript submission available at below address. 
Authors can send their articles as Microsoft (MS) Word. Authors, 
reviewers, and editors send and receive all correspondence by 



e-mail and no paper correspondence is necessary.
2) Upon submission of a manuscript, authors should send a copy-

right release/author agreement form to editorial office (https://
submit.jksfn.org/).

3) The manuscript should be composed of approximately 6,000 En-
glish words for clinical articles and the abstract should be con-
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 50 characters in English. The external title page should 
also contain the address, E-mail address, and ORCID (Open 
Researcher and Contributor ID) of the corresponding author at 
the bottom of the page, as well as information on the previous 
presentation of the manuscript in conferences and funding re-
sources, 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 (objec-
tive, methods, results, and conclusion sections should be included 
in clinical article, but are not necessary in other types of studies), 
introduction, materials and methods, results, discussion, conclu-
sion, references (no more than 50), tables, and figures or illustra-
tions. In case reports, materials and methods and results section 
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) and the website (http://
www.nlm.nih.gov/mesh/MBrowser.html). The abstract should in-
clude brief descriptions on the objective, methods, results, and con-
clusion as well as a detailed description of the data. An abstract 
containing 250 words or less is required for clinical articles and 200 
words for review, special article, 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 PubMed. A journal title 
with one word does not need to be written out in abbreviation. 
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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article before the references and do not, therefore, include them on 
the title page, as a footnote to the title or otherwise. List here those 
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language help, writing assistance or proof reading the article, etc.).

Formatting of Funding Sources

List funding sources in this standard way to facilitate compliance to 
funder’s requirements.

Author Checklist

1) Before submitting the manuscript, authors should double-check 
all requirements noted in the agreement form regarding the reg-
istration and copyrights of their manuscript. A manuscript that 
does not fit the author instructions of the journal regarding for-
mat and references will be returned to the authors for further 
correction.

2) The page numbers in the manuscript should be counted from 
the page with the abstract, and the name and affiliation of the au-
thors should not appear thereafter.

Publication and Reprints

1) Once a manuscript is accepted for publication by the journal, it 
will be sent to the press, and page proofs will be sent to authors. 
Authors must respond to the page proofs as soon as possible after 
making necessary corrections of misspellings, and the location of 
the photographs, figures or tables. Authors can make corrections 
for only typing errors, and are not allowed to make any author al-
teration or substantive changes of the text. Proofs must be re-
turned to the press within 72 hours of receipt. No response from 
the authors within this time frame will lead the publication of the 
proof read without corrections, and the editorial board is not re-
sponsible for any mistakes or errors occurring in this process.

2) A reprint order form should be filled out and returned to the 
press along with the page proofs.
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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.

□
YES
□

NO
□

Date: ______________________________

Editorial office use only
□ suitable for review process      □ a qualified consent for submission acceptance     □ needs author’s correction
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Copyright transfer agreement
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in consideration of the Editorial Board of the Journal of the Korean Society of Stereotactic and Functional Neurosurgery reviewing, editing 
and publishing. This manuscript contains
______________________________________________________________________________________________________________

______________________________________________________________________________________________________________

in consideration of the Editorial Board of the Journal of the Korean Society of Stereotactic and Functional Neurosurgery reviewing, editing 
and publishing. This manuscript contains

Text _____________ page(s)

_________________ Figure(s), _________________ Picture(s)

_________________ Table(s)

I/we hereby transfer, assign and otherwise convey to the Korean Society of Stereotactic and Functional Neurosurgery upon acceptance of 
the manuscript for publication by the Journal of the Korean Society of Stereotactic and Functional Neurosurgery all copyright. I/we have all 
rights except copyright. I/we can use part or all of the contents of the manuscript under written agreement of the Korean Society of Stereo-
tactic and Functional Neurosurgery. In case that I/we use materials from the manuscript I/we will clarify the reference.

I/we certify that the contents of the manuscript, in all or in part, have not been published and are not being considered for publication else-
where, unless otherwise specified herein. I certify that I have made a substantial contribution to the medical/scientific/intellectual content of 
the manuscript and on that basis agree to be named as an author.
I approve the manuscript for publication and will take public responsibility for its content.
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