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In 1924, Hans Berger, a German psychiatrist, recorded the brain waves from a human brain for
the first time. Many advances have been made in this field since then. Currently, brain waves are
generated by a variety of computer technologies, including brain computer interface technology,
and robot or artificial intelligence technology has also made amazing progress. A mental health
practitioner who deals with brain-related medicine has an obligation and responsibility to re-
search and find clinical applications of brain waves because they contain a great deal of informa-
tion hidden in the brain. Therefore, understanding the basics of electroencephalography will con-
tribute to a determination and resolution of various clinical situations. This review discusses basic
knowledge before dealing with brain waves. In addition to a visual inspection of general brain
waves, quantitative analysis of brain waves is expected to become an important area of interest
for mental health practitioners.
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monitoring in intensive care)
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Monopolar

derivation

B waves C

Transverse Transverse Longitudinal
s
e W
~ 7
T3 - - €3St 4 - T
I
P A e S
~ b3’ Ipo\
1507 P3P
!
A Czreference

_A__J\_:_V_

Phase reversal
N A oA

G1 wave G2 wave Bipolar
derivation
waves
Up rules Down rules
Input 1 (G1) - Negative (1) ---- Positive (]) : Input 1 rules

Input 2 (G2) - Positive (1) ---- Negative (|) : Input 2 rules

Fig. 1. Montage maps and polarity of EEG. Spectral peaks montage maps. Lines correspond to subtractions used to calculate spectral
peaks (A). Monopolar derivation of EEG (B). Bipolar derivation of EEG and phase reversal (C). G1 : Input terminal 1, G2 : Input termi-

nal 2, EEG : Electoencephalography.

www,jknpa.org 83



J Korean Neuropsychiatr Assoc I 2019;58(2):76-104
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FollA= A=e
o A=) 3744
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H(coronal) o2 AT A9 FUCIR) ot

2}z o] mhero] Aot 7}
214 A7) 9
AL A4 (sagittal)
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ZF(transverse montage)2tal s}, £ 9] A &= FES

(paired channel montage), %= &-El=(bipolar montage),
2FZ A ¢HLaplacian) BEFER BR3CHIE 1A). 04

ZE}F(Sequential montage)

Zy g (&, ohg)2 2719 A3 A= Alo] 9] i}olg i
ek A4 S Y] AdE FAEH s

A'E ‘Fpl-F3 Fpl A=3 F3 A= Abolo] AUAE L]—lﬂ—
Wk, e o2 gl ‘F3-C3%= F33t C3 Abole] #
YAl 5 Yehm, M9 HA vidS S8 AL
2

X SE}F(Reference montage)

ARt A=o] FH710A4 7] A= (input 2) &= AHE-H
= AFolth 7H oA Q1 7= A= EAdo] 0ol S5t
= o)A g AR 2 o]t A= BV st A A=
AL A2 A2 247 22 & deebte] 7] Ao
A1} A2 A=A 7S5 A 919] Wt (linked ears)©|tt.
ojglo] Cz Aol 7l& AFo 2 ASEH7| & k(g
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0l

o X ZEtF(Average reference montage)

H| w8} ol whebs] F4 5 EF=(unpaired montage), HE SE7)9 282 FAtE AL PotshEw, Hi ke Al
15 % BEF(paired group montage), MY A BEF T ZF Aol Hist 570 E ARE Y
Table 1. Standard LB Montages*
Channel no. LB-18.1 LB-18.2 LB-18.3 LB-16.1 LB-16.2 LB-16.3
1 Fp1-F7 Fz—Cz Fp1-F7 Fpl-F7 Fp1-F3 Fp1-F7
2 F7-17 (13) Cz—Pz F7-17 (13) F7-T17 (13) F3—C3 F7-17 (13)
3 17 (13)—P7 (T5) Fo1-F3 17 (13)—P7 (T5) 17 (13)—P7 (T15) C3-P3 17 (13)—P7 (T5)
4 P7 (15)-01 F3-C3 P7 (15)-0O1 P7 (15)-01 P3-01 P7 (15)-01
5 Fp1-F3 C3-P3 Fp2-F8 Fp1-F3 Fp2—F4 Fp2-F8
6 F3-C3 P3-0O1 F8—T18 (T4) F3-C3 F4—C4 F8—T8 (T4)
7 C3-P3 Fp2—F4 18 (T4)—P8 (T¢) C3-P3 C4—P4 18 (T4)—P8 (T6)
8 P3-01 F4—C4 P8 (14)-02 P3-0O1 P4-02 P8 (T6)-02
9 Fz-Cz C4-P4 Fp1-F3 Fp2—F4 Fp1-F7 Fp1-F3
10 Cz-Pz P4-02 F3-C3 F4—C4 F7—-17 (13) F3—-C3
11 Fp2—F4 Fo1-F7 C3-P3 C4-P4 17 (T3)-P7 (T5) C3-P3
12 F4—C4 F7-17 (13) P3-01 P4-02 P7 (15)-01 P3-01
13 C4-P4 17 (13)-P7 (T5) Fp2—F4 Fp2-F8 Fp2-F8 Fp2-F4
14 P4—02 P7 (15)-0O1 F4—C4 F8—T8 (T4) F8—T8 (T4) F4—C4
15 Fp2—F8 Fp2—F8 C4-P4 T8 (T4)—P8 (T6) 18 (T4)—P8 (T6) C4-P4
16 F8—T8 (T4) F8—T8 (T4) P4-02 P8 (T6)-02 P8 (16)-02 P4-02
17 18 (T4)—P8 (T6) 18 (T4)—P8 (T6) Fz—Cz ECG ECG ECG
18 P8 (T6)—02 P8 (T6)-02 Cz-Pz
19 ECG ECG ECG

*10—10 electrode position nomenclature with 10-20 nomenclature in parentheses. Adapted from Acharya et al. J Clin Neuro-
physiol 2016;33:312-316.%Y ECG : Electrocardiogram, LB : Longitudinal bipolar
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2HE2HA |9t 2EFE(Laplacian montage)

SERF i Eat 27

ZF A A= 2 A5 el 7k Bt AelE o n| Al A gl = 2| Aad 3709 7124 SEERe ST
ERH T 040 9F=A (longitudinal bipolar), &t %= (transverse bipo—
Table 2. Standard TB Montages*

Channel no. TB-18.1 TB-18.2 TB-16.1 TB-16.2 TB-16.3

] F7—Fpl Fp1—Fp2 F7—Fpl Fp1-Fp2 F7—Fpl

2 Fpl-Fp2 F7—F3 Fpl-Fp2 F7-F3 Fp2-F8

3 Fp2-F8 F3-Fz Fp2-F8 F3-Fz F7—F3

4 F7-F3 Fz—F4 F7-F3 Fz—F4 F3-Fz

5 F3-Fz F4-F8 F3-Fz FA-F8 Fz—F4

6 Fz—F4 A1-T7 (T3) Fz—F4 A1-T7 (T3) F4—F8

7 F4—F8 17 (13)-C3 F4—F8 T7 (13)-C3 17 (13)-C3

8 17 (13)-C3 C3-Cz 17 (13)-C3 C3-Cz C3-Cz

9 C3-Cz Cz—C4 C3-Cz Cz—C4 Cz-C4
10 Cz-C4 C4-T8 (T4) Cz—C4 C4-T8 (T4) C4-T8 (T4)
11 C4-T8 (T4) T8 (T4)—A2 C4-T8 (T4) T8 (T4)—A2 P7 (15)-P3
12 P7 (T5)-P3 P7 (15)-P3 P7 (15)-P3 P7 (T5)—P3 P3—Pz
13 P3—-Pz P3—Pz P3—Pz P3—Pz Pz—P4
14 Pz—P4 Pz—P4 Pz—P4 Pz—P4 P4—P8 (T6)
15 P4—P8 (T6) P4—P8 (T6) P4—P8 (T6) P4—P8 (T6) P7 (15)—-0O1
16 P7 (15)-0O1 O1-02 01-02 01-02 02-P8 (T6)
17 01-02 Fz—Cz ECG ECG ECG
18 02-P8 (T6) Cz-Pz
19 ECG ECG

«10—10 electrode position nomenclature with 10-20 nomenclature in parentheses. Adapted from Acharya et al. J Clin Neuro-
physiol 2016;33:312-316.“Y ECG : Electrocardiogram, TB : Transverse bipolar

Table 3. Standard Referential Montages-Ear Referencex*

Channel no. R-18.1 R-18.2 R-18.3 R-16.1 R-16.2 R-16.3
1 F7-Al Fz—Al F7-Al F7-Al Fpl-Al F7-Al
2 F7 (13)-Al Pz-Al F8—A2 17 (13)-Al Fp2—-A2 F8—A2
3 P7 (T5)-A1 Fpl—Al 17 (13) Al P7 (15)—Al F3-Al 17 (13)—Al
4 Fpl-Al Fp2—A2 T8 (T4)—A2 Fpl-Al F4-A2 T8 (T4)—A2
5 F3-Al F3-Al P7 (15)—-Al F3-Al C3-Al P7 (T5)—Al
6 C3-Al F4-A2 P8 (T6)—A2 C3-Al C4-A2 P8 (T6)—A2
7 P3-Al C3-Al Fpl-Al P3-Al P3-Al Fpl-Al
8 O1-Al C4-A2 Fp2—-A2 O1-Al P4-A2 Fp2-A2
9 Fz—Al P3-Al F3—Al Fp2-A2 O1-Al F3—Al
10 Pz—A2 P4-A2 F4—A2 F4-A2 02-A2 F4—A2
1 Fp2-A2 O1-Al C3-Al C4-A2 F7—-Al C3-Al
12 F4-A2 02-A2 C4-A2 P4-A2 F8—A2 C4-A2
13 C4-A2 F7-Al P3-Al 02-A2 17 (13)-Al P3-Al
14 P4-A2 F8—A2 P4-A2 F8—A2 T8 (T4)—A2 P4-A2
15 02-A2 17 (13)-Al O1-Al T8 (T4)~A2 P7 (15)-Al O1-Al
16 F8—A2 T8 (T4)—A2 02-A2 P8 (T6)~A2 P8 (T6)—A2 02-A2
17 T8 (T4)—A2 P7 (T5)—Al Fz—Al ECG ECG ECG
18 P8 (T6)~A2 P8 (T6)~A2 Pz-A2
19 ECG ECG ECG

*10—10 electrode position nomenclature with 10—20 nomenclature in parentheses. Adapted from Acharya et al. J Clin Neuro-
physiol 2016:;33:312-316.*” ECG : Electrocardiogram
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Table 4. Suggested Referential Montages-Cz Referencex

Channel no. R-18.1 R-18.2 R-18.3 R-16.1 R-16.2 R-16.3
1 F7-Cz Fz—Cz F7—-Cz F7—-Cz Fp1-Cz F7—-Cz
2 17 (13)-Cz Pz—-Cz F8—Cz 17 (T3)-Cz Fp2—-Cz F8—Cz
3 P7 (15)-Cz Fp1-Cz 17 (13)-Cz P7 (15)-Cz F3-Cz 17 (13)-Cz
4 Fpl-Cz Fp2—-Cz T8 (T4)—Cz Fo1-Cz F4—Cz 18 (T4)-Cz
5 F3—-Cz F3—-Cz P7 (15—Cz F3-Cz C3-Cz P7 (15)—Cz
6 C3-Cz F4-Cz P8 (T6)-Cz C3-Cz C4-Cz P8 (T6)—Cz
7 P3—-Cz C3-Cz Fp1-Cz P3—-Cz P3-Cz Fp1-Cz
8 O1-Cz C4-Cz Fp2—-Cz O1-Cz P4-Cz Fp2—-Cz
9 Fz—Cz P3—Cz F3—-Cz Fp2-Cz O1-Cz F3—-Cz
10 Pz—Cz P4-Cz F4—Cz F4—Cz 02-Cz F4—Cz
11 Fp2-Cz O1-Cz C3-Cz C4-Cz F7—-Cz C3-Cz
12 F4-Cz 02-Cz C4-Cz P4-Cz F8—-Cz C4-Cz
13 C4-Cz F7-Cz P3-Cz 02-Cz 17 (13)-Cz P3-Cz
14 P4-Cz F8—Cz P4-Cz F8—Cz T8 (T4)—Cz P4-Cz
15 02-Cz 17 (13)-Cz Oo1-Cz T8 (T4)—Cz P7 (T5)—Cz O1-Cz
16 F8—-Cz T8 (T4)—Cz 02-Cz P8 (Té)—Cz P8 (T6)—Cz 02-Cz
17 18 (T4)—Cz P7 (15)-Cz Fz—Cz ECG ECG ECG
18 P8 (T6)-Cz P8 (T6)—Cz Pz—Cz
19 ECG ECG ECG

«10—10 electrode position nomenclature with 10-20 nomenclature in parentheses. Adapted from Acharya et al. J Clin Neuro-

physiol 2016;33:312-316.“Y ECG : Electrocardiogram
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243 19749) AL R FAo] 7155t 7
Sof whet DL Fo4E 4 ek EE Ao Ry w
FAQ) #719] $iZo] "ashi, e gu 7t
g a5k}, A7) 2 (electrical shielding) S HASHA| T Hl=
Al BQ3sE AL ot} I A=H(photic stimulation) ZA] S
YAZTE 71 2o] A8 AFS T A4 9] A (noise)©]
U Z=o] vjme Rl (drify)e] glefok gk T3t 0.5~70 Hz
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Channel Electrode position
@ Fp3—C3
@ C3-0I1
€) Fp3—-T3
@ T3-01
® Fp4—C4
® C4-02
@ Fp4—T4
® T4—-02
©) T3-C3
© C3-Cz
Q) Cz—C4
® C4—T4

Fig. 2. International 10—20 system and electrode placement for
neonatal recording (modified). The International 10—20 system
and electrode placement modified for neonates. Some laborato-
ries use an alternative location for the position of the frontal polar
electrodes. The ‘Fp3’ is located halfway between the locations of
FP1 and F3. The ‘Fp4’ is halfway between the positions of FP2
and F4. Note also that not all laboratories utilize the Pz elec-
trode.3'43'44)

5 AAZIE F "t 204 G5k,
ﬁ:xﬁi St ¥ Wh(disk) Z‘j—:%% %ir/]i(collodion)ii T

olek. A2 =tz Aol
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Table 5. Neonatal montage examples

Channel Montage A Montage B Montage C
1 Fp1-17 (13) Fp1-C3 Fp1-R7 (T3)
2 17 (13)-01 C3-01 17 (13)-01
3 Fp2-T8 (T4) Fol1-T7 (13) Fp1-C3
4 18 (T4)-02 17 (13)-01 C3-01
5 Fp1-C3 Fp2—-C4 Fp2-T8 (T4)
6 C3-01 C4-02 18 (T4)-02
7 Fp2—-C4 Fp2-T8 (T4) Fp2—-C4
8 C4-02 18 (T4)-02 C4-02
9 17 (13)-C3 17 (13)-C3 17 (T13)-C3

10 C3-Cz C3-Cz C3-Cz

11 Cz—C4 Cz—C4 Cz—C4
12 C4-T8 (14) C4-T18 (T4) C4-T18 (T4)
13 ECG ECG ECG

14 Respiration Respiration Respiration
15 E1—AT or A2 E1—ATl or A2 E1—-A1 or A2
16 E2—AT1 or A2 E2—AT1 or A2 E2—AT1 or A2
17 EMG EMG EMG

10—10 system nomenclature, with 10—20 system nomenclature
in parentheses. Adapted from Kuratani et al. J Clin Neuro-
physiol 2016;33:320-323." ECG : Electrocardiogram, EMG :
Electromyography
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impedance) & #AA}a|of st} dulg oz A2 7F QuE A
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ol ofFel Dok R T2 Tlel AL NS
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R R
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AT B9 Q90 B AUEOEA AATE 1
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Hotg 7|E57] YsiAlE 24 193] sy, 7k
siop o g2 o Ad S AR S AP 10-20
AAE ol &3t & 21719 A=E ol&ste S 7|2o=
st thAd (multichanne) 2 A|3§eh wj= HEE 1 ¢
Z %l (modified extended) 10-20 A= 7Hs3lc}, F=4

9GSy R RS W AR 242k Ao of
o A% A Zzre] Betro] Aste] ek EAIGT
A3 A0 ke Hoiek 47 Eolof stm, BEke
47] ol 4= glojof Ttk FFA BERRoIq AT A2
& b QAo R sha, A3 712 AAof st o
5} 715 A] ] ghio] $11% Aol we Sibo] 9
A3k AR} K} 7S A 9] $io] EAH S Sk, Feb
F % QR RE ThE Wuba Al vl Absstelol o
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Splad
o 00 6 et
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Fig. 3. Modified combinatorial nomenclature for the 10—10 sys-
tem. Adapted from Acharya et al. J Clin Neurophysiol 2016;33:
308-311.4"

b0 =45 10-10 A A A= T3/T42}F T5/T6 -5 T7/
T8 @ P7/PS=Z t)H|gtch(1d 3).

CIXIE Zime| Helet ZA|

Lo MS a8 H B2

Electroencephalography®} Clinical Neurophysiology&
23t =+ A| A" (International Federation of Society)©] 1958
Hojl Aloket A= vl 2]2] 10-20 A|2EL” JAF AR &
gk YA F o] Huh 7] 59 S A EEoltH(1E 4, 5).
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g, #es @ EE Bt ARgET AR e A
o] 9125 YeErdTHGE 6).
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Fig. 4. International 10—20 electoencephalography system.”
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Fig. 5. Electrode placements by international 10—20 electoencephalography system.

Table 6. Electrode numbers and position names (10—20) related to anatomical positions in brain

Electrode no. Electrode mark

Position name

Anatomical position

left right left right
1 2 Fpl Fp2 Both frontal pole Anterior frontal lobe
3 4 F3 F4 Both frontal Motor area
5 6 C3 C4 Both central Body sensory area
7 8 P3 P4 Both parietal Parietal lobe
9 10 (@] 02 Both occipital Visual area
13 14 F7 F8 Both anterior temporal Inferior frontal lobe
15 16 T3 T4 Both middle temporal Middle temporal lobe
17 18 15 Té Both posterior temporal Posterior temporal lobe
19 Fz Midline frontal
24 Cz Vertex, midline central
20 Pz Midline parietal
11 12 Al A2 Auricular
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2fal 3}, o|ef= Wit 2 X Woll A 21714 g 7] (electri-
cal generator)®] 54 YA, A=, 183l WEFo| Ly
ok Fu) Wupol| A Huf 2o] Hes] o SE 4 k.

0|2 A %A (forward problem)2}aL gtch 3

HMabs| LIS EM(gEEG signal analysis)
Y= AFA O R 1) 854 (thythmic) &5 2 2) 3=
2 & AH(transients) &2 APETH S5A4 FEL Fulso

wet oo (band) ©.2 LHeth o FEAAE o] b

= guts *é%‘%‘ ). 1Y ole AL E4
b= 1o WY 25 S50l TN EE B A=
A FRAAS 7HA AL Qo] FEE7] WjE o] Bt Qo
Tk 92 il AZEQoloA] R AHEY W
H (e @ Welch)& AHE-ste] =¥tk EEGE] AAF A2l=
53] kA wu} 7 AHquantitative electroencephalogra—
phy, ©|3} qEEG)E YYHh(1d 6).>"

b= ] 10| S Hhgshs o] EHO A7
o] SAolt}, HEE} HIHqEEG) = HAIEsHE ut
4ol e vfg (] 2|3}, brain mapping)©lekal gtk
qEEG: ¥1t 9 ¥ 7|50l izt o3& S Al 4= U=
A2 et s Al o] FA1S Qe S Aot A b
7 HAHQEEG)«= AFEHE ARESH] thg A= H5olA
7155 Hut SES st Axpoltt, o3t ke Al
o} 2pE= AR ol (Fourier) €t ot A4Sl -§
SZ 2 W0l ‘o] B (wavelet) B4} & duglsog
Ae|Ect, gA g At7s FAH R AR g2 G
FEAR S X2 gholl vl A2E Hubs W A
A EE 75y Ay A= gk Huk 9 alidE
qEEG BHE= AE277t ¥ 76 Bkl ey =
(neurofeedback) = OFET} ZHS. tlofFsl 2|2 QI8t X
7150 H3E FA o= YA T2 A AETtel] o8 AR
= S| E 4= 9ok qEEG A7 7|3 4 B AXE
o1 AR IR A 2] T 5 | HA|oA dojub= o
AR H3kE & 4= A ST H o o] FEo] oist
H AEH0R A= =AE d 5 A sith Huh 74
7 Aol ARl 3 Vlgllance el 22 4dE
glojefuo] 2of| A HlolE o] H FIH o] 27| 7tA|
CheFRE 4] tngo] | ukel s} wuto] d A ok A

ol ARET w12 224 (CA) 9 A= A7)

e e Uiy

T ADsoNe Power (¥ 58)

2 520re0 FFT Summary fomason
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SrEM ]

Fig. 6. An example of analysis result of quantitative electroencephalography.
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%2+ (low resolution electromagnetic tomography)¥} 2
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|1t J 2 5 % 54 A eE AHEE e ik
qBEG A&7} A= 3Hmapping) ¥ A& qEEG(] A7 &
= wf3 ; brain electrical activity mapping)©]th. v]=tA]=
OJOFA = 1%t Wt HARe) TAA H7HE Hdl A4 9
7 Ee AR 94 AR $1%t 5 1(Class 1D) 9
271712 6709 qEEG A|&Hlo] AFEE A~ZE Qo5 2
A= A
qEEGE sty o g 9 7jx]9] 7
XA A-g)oll AL X|nt, U /ﬂ 7= ‘zr“?r
Hofol| & ARg-glTE, 1997d ) u]=A17 e8] eF ul=r Al
73/ elssl= “qEEG 7]e2 4S8 277 28 S 7
/go] w9 =oh L 2| A5kl qEEGE HAETF55, A%
o =9 -'?1'?— &4, skl oY Fofl, 2dY, ¢
= 9 Okﬁ 8ol gk A A8 9
229t}
e 232 i]“HQJ 5-7] HAS $13F qEEGY] ARgofl %
HAE 5 ok 2999 24 7% 579 (Office of Health
Technology Assessment)ol] 2J3t 7= Z|ufjo| 48] qEEG
ARE-E SRESHE SA7F SRS gtk AS EAit
o] B7h= qEEG7} &&sto|wy SAtE djxdtolu thE
A Azt FlHsk= o A-gstr]oll= AgHA o2kl sl
o} qEEGs= #< WU of e} tAH(FolE 24| ¢=)
Hub, g 2], A ER (Y], spectrum) £4], AHEHY
2344 (coherence), 71 A A1 7 Hatency) W ARA T A 9,
£-0) 485X & 3}(significance probability mapping), 2=+
A 243} B E(dipole source localization methodol-
ogy), TH3E A (discriminant function analysis) £©] )
o, 7123 X5 H[5olA HH, Argo|ut A dH 9
TAA 5, HAE Y Skt 22 Al 7HR] 7124
o] ou]—x—l _9.57}. olr/]_ ol/k]- qEEG— Al 333].}5 7&}\]./‘5_._194 %
Hof| whet oheFgt Fejrt vebd 4= gl HHEAQD A7
=2 S ER] gokrh EAT AH2E B4 HAE FEf Q)

A i ds A S
£

S

)
)
1

_\}L
=
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o} wshe}

Aol oJFt Az
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I-II_IZZOHF

2 JHE A A EFE 4 A gk qEEG=
HE HIE A AR o] 223 AT Aw wee
WAL 3 Hupo A JS5E RS 2L qEEGOIlA =
U5sto] E4E o A 7S HEsHA Hoh ¢EEG=
71E AEA ko] gt thA|Eo] ofun A 59
HAERE & o gloh Al sk QIR qEEG 71+
Swo] el AA & SEo] Sk JAA AR B
A 9o 2 R QY us W AR A4leR
oF 08 9l 2 Sl 4] el =2 AR

AtSSHE Atz ZHX|(Automated event detection)

o= ofd /?_]E-—] E4S Huh Hake] Bl AMgshe
Aoz el Huhe] dFoltt. oA HHF Al (epi-
lepsy monitoring) & X$171%7]4 (electrographic) W2+2]
A2 Sle) 1 T3 A ST

= L Al(Intraoperative EEG monitoring)
TEF M A S T ABAC BT Sy

AHe AL BET 5 24 F ARROR 549 A2

E
u\.l

>
e
i
H
E':'

S |C|2 ZFA|(Continuous EEG monitoring, CEEG)
143_%% e17]7F o 7] wiEo) o' §3 2] W]
] o] o5& 7t Wt o]t HAS TS
3l 2441 7F &R AlEBEe] HukE 7] Ss)ar vy
o}oq ket E OL‘:_ /\]/\Eﬂo] 24
A A A (24 hr EEG monitoring system)©]t}, 2F
QAR 7HYJA] el o o] 8= =
A& A Hrio = o] gHh?

z/q_o o<

N
J.u_,n}i_‘

O|E klmf 7.:.* [(Ambulatory EEG monitoring)

3 Arbes o A71A s S5kl 7|55t
417 Zek Ao}, gxte] HoflA A717F 7150] 7Fss)
o} 3= AY 4 loH 7|5 S8l W] MEE 2
2 ol5Y |k ZAl= 71 2A MRl Udnt Hukz
4 U= WA 7o) Qs FRtAlE A8
Tl Xk 2golok, 7|E0] HAakek Akle] ofsf A=A oF
= d wrzto] 7hxIchol| o] 89 4= QI

=2

d

Fe|TH Amplitude integrated EEG, aEEG)
| A# S ubAlolol A 1.5~3.5%, n]<olof A=
1~13%2] IR EE Holt) Aol Ay F Aol 7H4F =

www,jknpa.org 93



J Korean Neuropsychiatr Assoc I 2019;58(2):76-104

2 A7)0t} o] Al7]= k| o] A3l k= Al7]o] 7]l
o2 Aol vl ¥ =3t njssio AR v g Al A
S7FE 1Y BEE 25 7| A 2] 9l AlAotel A= A
A<l Huk A E Fl 5’—]”5«] %%g wha] ool
= w2 A7t
7} XHXq 2l Eﬂo] Jlﬁo}‘:} 131‘3i Z| FUAE ampli-
tude integrated EEG(°]35} aEEG)& .
SRt S Hutkel g o AfdS E8-5to]
7= ot Aol o= HEA <l HuE anesl =%
Sof Aejjar, AR Aefste] QfEste] vk
of= T3t A7)z 7ol EA%TE 3709 A3 ]’o
=t & 7= ¥heE AlFZ oL shh= Fuh A~ (noise)
o= Aol AApt 2hdstnz Rt Wkl 30% o]
o) B2 AL ARE w22 Aeels 3 4 qloh
Wb of 22 uhE WAstE 2 917} uV(microvolt)©|
o} aBEGE U sho)A] Al22o] 0, 5, 10, 25, 50, 100
919 Huh A Z3 7FE2 S50 ATto] EAIE 1Y O E UE
Wk A28 st (lower margin)d A (upper margin) 2
2 o] & 4= 9l 81jF & g ko] 102-S ol 631o]
gk Alztolt}, 1B R gk SPH-S 3AZE ) ¢S Fobdl
‘3]' 3448 RE B2 (voltage classification) 7|&3}t &l (2
F, pattern) w5 7]<=0] itk % ERE AT = 7
%—4 Bl (lower margin) #F2 /4 TH(upper margin) g &
ofof ghtt. o]4to] ok gelo] H sttt dheto] 5uV o]
2, ko] 10 pVv ool Aol shko] 5uV ofs}, 4
1 10 uV ool F5=9 A4 e = aesith ®
shcto] 5 uV uk, Abdho] 10 wV vjvke]d 5 u] gAY
JE 2 agith, o] Fof S5% Aele vt 419 &
A(trace)o| = ALR WAt Hd EF 7|&2 oA
7HA = i) 15l A1453 AA X1 F(continuous
normal voltage), H] 912 AN 212 (discontinuous normal
voltage) 4 &2 (normal trace)ol| 3iF5tH, SaFI A& A}
(burst suppression), A& Z(low voltage), HE &2 (flat
trace)-> H] A T2 (abnormal trace) &2 H-H3kc} 5%
aBEG ¥+ | 7|5 2 UYE " (cerebral function monitor-
e AR Hl v} 7q/\P(EEG) Hop Algto] e A=
s A= AAoNA ¥ 75S AASh= 7Isolth S419
Fjo]| =5 50 A7] &80 40| A AJ7to] #|
ol we} HFollA HF71R] (peak—to-peak) Z15-9] ¥HAkE
e aze)] AIE T R 20w AR Aol o]
Aot w2 o] H7| S5 Al WEtolu | E59
A2} -2 Aol el defs= Ao sjAE & ok
aBEEGE A Ak 38 A A 2H hypoxic ischemic enceph—

o

s

A
<]
2]
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alopathy)9] TS F3 WA BFL B et AHsHs
o ARG 5 Lo Aljof jstolA] 53] §-g3het T

EEG vs. fMRI, fNIRS, and PET
b ¥ S5E Hohe B EEA 2 7] ARl o
o}, ¥u= milliseconds ©]4He] WSS 7|8 4= Qi) o] =
&5 A7 Y fEol vt 3 welE Sl AubE=
ol oF 0.5~130 ms7} Aol 2S aeshd gesit), PET
9 fMRIQ} 22 7] &S e o s e
O A7t =T 7T Wb o) H74 5
Hhd, o2 B E o) A7) EEo) 1H vlA

S5l

(marker)?l @5F(¢] : SPECT, fMRD F= g} ()
PET, 7|53 24¢] d , near—infrared spectroscopy
(°]3} NIRS)]¢] ¥H3 ]%ﬁ]":]' EEG+ fMRIS} FA]9
ARESE S Qlo B R =2 AR ST Y] HolEE =2 31t

SF=O] dHlolEef sAlol 715 4= QUAIRE 2} H|o]E of A
TAYE HlolE= A& thE AIRE A il whet st g T
O[] H|Ew= HIEA] HZh2 4] 255 el 212 oY
th. MRI 85 %o 243}= MRI A A= (gradient)ol] wE
AFARES A A oF & D adut EEGollA @ & 229
s 502 Q13 Uetu= AEs Al (ballistocardio-
graphic) $154baS AAS oA F 7HAE 28sh=
7154 of#go] itk E3H MRI A7|42 = Qlslf EEG A
= A4e gAY o AF7F Sr=E 4 o]r,]_é%

Lt &|XF=(Magnetoencephalography, MEG)

st 14 $e10] AT Aol o8] of)El Alul
BEE AT HE LT A1) Wil Bofol ol

4 L 9]l 214 7)ofakA] o
& 4 ot} woh FAHCR EEGE el Fu] Aels

2JukA] 0 2 $4HE7] A718H5] of) o)l Al 9] o] &
5ol o1 ST A0z AT, YA A5 A

Aok o= Al Y o] 2 MRl o gle oo

EEGE MEGe} sAlo] 7|52 & QlonR AT Hebs
oA &2 AL SYE 7] HolEZF AgE 4 qlrh
EEGE 721 of#f% glo] NIRS®} FAlofl AHE-3F 4= Q)

o}, ofelat opo] AR AL wAA] gron AR =4
ARE A4 defsh Bk ofuzt 17 WE) ofat -
458 AT 4 Sl

nfio| (Wave Patterns)
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Fig. 7. Examples of normal and abnormal EEG. EEG : Electoencephalography.
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A FuE 7Hl &84 WE= Duplsq 55w 22 o
et gelet 9l ofE A 53] WlzrjopA| st e H o
ok 2L g Aol AU 2dsAY == =
we Aol A F2 vEhd 2

d

2ot Gamma wave)
k= 9F 30~100 Hz9) Fab W $foltt, 7} 2|52 &
7] Ees &5 VoS YT HHo2 oy Jthe

ekl
sl YEYAR AYSHE A0 oA

& 2lS(mu rhythm)

o M= 8~13 HzolH thE Fupet FEAo0 =
Zt}, o= FA 3 W E AdA g 1 o]
A Qlet, o] A2 MY AEjol = 5
W3Hfiring) & Wrgeth + A= 54 AL
(mirror neuron system)& 1t =
st dso] #abE o, A D AwAAATE 5713k A
UL A Z=E IHdsh7] wZell sielo] A E T A4 WHute]
5% mRroll A B HEEn 2 F2 AdRloAIA Hel
o}, FQl C34 Choll A HHigks U= S9F-54

O14F, 298 wlzol hwAl S Aol 7t AR
o &520|7] B} o} X e ] 7~12 Hz&2 55 4t
%EE}' ﬁ%o] 3_1:]—_76‘79)

2Tt Lamda wave)

Aofpel Fado|a F yepdth &2 40~60 uV A=
2 yeh FURPE S g, gt meh)E Bl 24
Aeoll A EAIE & f SFFolA WEET FSollA e
U = A Hol= - FR YA =HA T (positive oc-
cipital sharp transient of sleep, ©]3} POSTs)%} -g-AFstc)®
KEIE fmt

YR Hato A= e AF0] 20 uV o]ake] W 1E
v S LERd 4= ik A4 axotol| A dAgE AR Mt
7} Holz] ofont vpo|7t Al HAF A %1%9] v utrt
7t AR AAIRE Hatol| A oo AAIRE Huto
H|sl] %1% 10 uVe] 24X Z(very low voltage) tF-+

LEREERCS R
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7| Ef

oflab WA 7}
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3
Z ‘A4 WF(normal variant) 0|2kl gtch 7 2lE0] siLt

uko} uf-e- thEr} 914l 37] 9 AlAgole)
eol= ‘B x4 (discontinuous) ¥ ‘A &4 (trace al—
ternant) ©|2h= F 7HA] 354 £ S HHS HojE
o}, WA & A7) e A Futgs gl o]o] H7| &E9
7t 2E 34 (bursts)& LEFATE ‘trace alternant 2= A
714 S5 7= w4 ojo] 2 1AE HAS U
Effr] T 7 41/ ote] 283t 4= (quiet sleep)= LFEFHTE
ol A9 Wub= dRbA o g A4Sl Wupk o) Fuk XE
Ol _1:__3]1:1_'80)

/A<l wub Adefjof whet o=t EEGE A
Aol A HTAIE 817 flske] thE £ 71(EOG ¢
electromyogram, ©|5} EMG)¥} 37 AME-Ect 19H4] =H
(P A" = S5 FY)ollA = Hute] SHkE 7|2
2j5o] glojzlet Alet a7} 571 4= Slt}. Santamaria
9} Chiappa’t= 23 B H chofet djelg BR3ch 2
Al e e I e S40] e, AR
S A HU A& Zi= 12~14 Hz H (W 2= “A|1a)” |l
Eepaie 3he| gl sl YAH o= AdYErt

2 A A T FE-0] E5-2 3~6 Hz W ot 3ehA =3
= g} ko] EAfjof| ofsf FojEm FF At sH S
2 SAE 1dA oA 39A = ¥sl(NREM) =H-Z& 33+
Steh, #A(F45 o 85, REM) 9] Huk= ZHA w|ute}
Tk fAksteh, AL upRstol| A 9] k| ubi= AME-E|= vk 9
ol &t} Halothane ¥+ propofol} & AW
ofi} -2 A2 7St upR{ A 9] -, G} Ei= AH|E] H]
-S43 =} gjelo] Fuj o] thiiE, E3] ool YebdTh
wuko] 7F Fuped wheg o) Q(R)ef A 9 vt 4
<= Aelsto] AAISHIATHEE 7).

E > o

HIAS A Q) St 2E-2 3 st ZHE Fepileptiform)

9 H|7HA %F(nonepileptiform) 52 7 4= itk 1

IRITHLY 7). 4 7HASF WAL tha Wole] o]
oA B& o] relo] WE E7)4 AE Ll o]
ubaka 9y Abo] ol (AT, interictal) BEO2 e 4
glom, Wiz Wae o] 4 e v Hrlgh el
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Table 7. Comparison of electroencephalography bands

Band Frecg':ze)ncy Location Normal Abnormal
Delta <4 Frontally in adults, 1) Adult slow-wave sleep 1) Subcortical lesions
posteriorly in children ;  2) In babies 2) Diffuse lesions
high-amplitude 3) Has been found during some continuous- 3) Metabolic encephalopathy
waves attention tasks hydrocephalus
4) Deep midline lesions
Theta 4-7 Posterior regions 1) Higher in young children 1) Focal subcortical lesions
of head, both sides, 2) Drowsiness in adults and teens 2) Metabolic encephalopathy
higher in amplitude on  3) Idling 3) Deep midline disorders
dominant side 4) Associated with inhibition of elicited 4) Some instances of
Central sites responses (has been found to spike in hydrocephalus
(C3—C4) atrest situations where a person is actively
trying to repress a response or action)®”
Alpha 8-13 Posterior regions 1) Relaxed/reflecting 1) Coma
of head, both sides, 2) Closing the eyes
higher in amplitude on  3) Also associated with inhibition control,
dominant side seemingly with the purpose of
Central sites fiming inhibitory activity in different
(C3—-C4) at rest locations across the brain
Beta 14-31  Both sides, 1) Range span : active calm — intense — 1) Benzodiazepines
symmetrical stressed — mild obsessive 2) Dup15g syndrome®”
distribution, 2) Active thinking, focus, high alert, anxious
most evident
frontally ;
low-amplitude
waves
Gamma >32 Somatosensory 1) Displays during cross-modal sensory 1) A decrease in gamma-band
cortex processing (perception that combines two activity may be associated
different senses, such as sound and sight)®#  with cognitive decline,
2) Also is shown during short-term memory especially when related to
matching of recognized objects, sounds, the theta band ;
or tactile sensations however, this has not been
proven for use as a clinical
diagnostic measurement
Mu 8-12 Sensorimotor 1) Shows rest-state motor neurons®” 1) Mu suppression
cortex could indicate that motor
mirror neurons are working.
Deficits in Mu suppression,
and thus in mirror neurons,
might play a role in autism’®
< vehdoh AR W (interictal discharge) A7 ¥ A EAS 4 Stk % =9 b 259 S H B
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WA% El oA eieh) QAR FAH A ] g utehE o} Lred 4= glek 2
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Table 8. Developmental features of neonatal EEG
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29-33 Discontinuity during Asynchronous Continuity during Beta-delta complexes, No
wakefulness REM sleep temporal theta bursts,
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34-37 Discontinuity during Asynchronous EEG and physiological Frontal sharp Reactive
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during wakefulness (wake, REM, NREM) frontales), beta-delta
and REM sleep complexes in NREM
38—44 Continuity Synchronous EEG and physiological Frontal sharp fransients Reactive

features clearly defined

(wake, REM, NREM)

CA : Conceptional age, EEG : Electoencephalography, REM :
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TAL 71%SA AR O3t oG 119 BB
SASE A 3L AUk daTe B4, Aust A
A27o), 357t olo] Eage "

S T2 e 4
2t galoa x 015 oheah ol 2kt

Fofjof gttt &, Wu} e Al Skt
9 O]%, Lo, *étg, G S TS ‘Eﬂi, 71 &35 dH ol
ot HAF AR = = Fintroduction), ¥k A7 tf gt
714 (EEG findings), 23+9] |4 (interpretation) 9] Al F-&
o8 st At oA FE2 A HTlA] 2 o=

Infroduction

(1) Medical conditions and clinical question
2
@
(4
(
(
(

)  Whether sleep-deprived
)
)
5) Fasting or not
)
)

Medications
If sedation was used

6
7

nystagmus are noted in the description of the record, below

(8) Number of scalp electrodes ; International 10-20 System

Level of consciousness at the beginning, and changes during the recording
Eyes open or closed at the beginning of the recording. Further changes in eye closure, deviation,

(9) Extrarecording electrodes and their purpose, e.g., ECG, EMG, respiration

(10) Duration ; time started and ended

Description of record

(1) Dominant background activity (alpha rhythm or posterior dominant rhythm)

: response to eye opening ; to limb movement

(2) Comment on all frequencies (beta, theta, delta) ; note whether they are symmetric, and sustained or not

Note and comment on the sleep patterns

(3) Note symmetry, distribution, persistence, and amplitude of activity in microvolts

(4) If abnormal, provide reasons why this is so

(5) Comment whether this activity is continuous or intermittent. Qualitative modifiers alone, such as “medium voltage,”

provide a less-precise documentation

(6) Mention how particular stimulating or arousal procedures affect the record, change frequencies or amplitude,

or produce epileptiform activity

(7) Note any seizures and their morphologic, frequency, localization, and temporal characteristics

Interpretation

1) Normal or abnormal EEG, and, e.g.,

)
)

4) If abnormal, provide reasons why this is so
)

“this EEG shows an encephalopathy” or “this EEG shows status epilepticus”
Use wording that can be understood by the referring person, e.g., general physician, nurse practitioner
Note whether the findings support, or do not support, the clinical question

Compare with other EEGs available ; suggest if further EEGs may help, e.g., with sleep if the referral event occurred

during sleep ; or with activation if this specific activity triggered the event in question

Clinical correlation

(1) If possible tie in EEG with the clinical question

Adapted from Kaplan et al. Neurology 2013;80:543-S46.”” EEG : Electroencephalography, ECG : Electrocardiogram, EMG : Elec-

fromyography
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