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Changes in Power Spectum of R-R Interval Variability during General Anesthesia
(Real Time Analysis and Monitoring)

Young Kyun Chung, MD., Do Hyoung Kim, M.D,, Soo Taek Kim', and Byung Moon Ham, M.D.”

Department of Anesthesiology, College of Medicine,
Department of Statistics, College of Natural Sciemce, Gyeong Sang National University, Chinju, Korea'
Department of Anesthesiology, College of Medicine, Seouel National University, Seoul, Korea™

In general, anesthetic depth is evaluated by experience of anesthesiologist based on the changes of
blood pressure and pulse rate. So it is difficult to guarantee the accuracy in evaluation of anesthetic
depth. The efforts to develop the objective index for evaluation of anesthetic depth were continued but
there was few progression in this area. In recent EEG, evoked potential and low esophageal pressure are
tested as monitoring toals of anesthetic depth.

Heart rate variabilty provides much information of autonomic activity of cardiovascular system and
almost all anesthetics depress the autonomic activity. Novel monitoring system which can simply and
exactly analyze the autonomic activity of cardiovascular system will provide important information for
evaluation of anesthetic depth. In this aspect, development of real time R-R interval variability analysis
system and evaluation of its efficacy for evaluation of anesthetic depth were performed.

Newly developed real time R-R interval variability analysis system works by simple adaptation to
EKG monitor, displays the color power spectrum every 30 seconds for at least 4 hours. So users can
easily understand the whole trends during anesthesia and check the changes of short duration. And for
the cutting expenditure of memory of personal computer this system is programmed to discard the
calculated data of power spectrum after display on screen and saves only R-R interal of heart rate for
off-line analysis.

At first, function of real time R-R interval varability analysis system was tested with EKG
simulator. Our system was well functioned in getting the signals from EKG, analyzing, displaying and
saving the data.

In animal experiment the changes in power of high frequency band associated with the changes of
end tidal concentration of halothane (p<0.05). And during intravenous infusion of propofol the changes of
infusion amount induced the changes in power spectrum of each frequency band.

After animal experiment clinical application was tried. During induction of NO-O:-enflurane anesthesia
and recovery, power of each frequency band was decreased and increased in trend. Endotracheal
intubation and skin incision induced high peak of power of each frequency band.

Standard score of power and trend curve using 3RSSH was used for the analysis of trend of power
change and provide meaningful information of R-R interval variability.

Key Words : R-R interval variability, Power spectral analysis, Anesthetic depth, Halothane, Ethrane, Propofol.
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Fig. 1. Power spectrum of R-R interval by smoothed
power spectral analysis.
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Fig. 2. Color power spectra of patient displayed on monitor screen.
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Fig. 3. Color power spectra of EKG simulator displayed on monitor screen
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A Aol FAS Table 1.3 2ok EA7 9%,
ozt7} 3gelgon AddEE Fo|go] 93, et
24 14, AA A9 F(varicocele) 13, Fuhtz] 13
At S8 204 olst 29184, 1941), 3041 ©)&}
3%, 404 o3} 2, 504l o]& 2g oz FAHY Utk

A4 QA e R-R 743939 frequencyd ¥3}
FA& low, middle @ high frequency oA F
Foz Ay PBVE F2 HP Hrl 2L BYXE
Boltizl ¥k 3087 F2 PyF By L £
g Rolt: XA 2 sty Fhe e wiz
o) BAEA Ao oy Mt I W3
Zo] = o] Ful 30¥ol= W3le] Eo] Fof
e YHE 2o AAAHY W3 o] dA 4
4& By BHEY] oy} (Fig. 6).

enflurane "t HXA19 Z+ frequency Yod
power Y9 #3 ¢ v Zo

Low frequency 999 power WE(Fig. 7-A)=
oA FYol AlFE F ANFHQ #Fx FAE R
o|H A 1187l power YE7t HEHe) o]25 o
ol AWAA F7t FAE BAY #HL FAF 2%

lo apn W

[=)

-T2~

302745 point), &7t FAF] 28%3H4 point) oA
F/M} #Z4E Hol: B4R EIH IHNI|FE]
By AAHA 3o Z& 3717 frequency 49
ol A w]&3tHhH(£2 SD).

Middle frequency 999 power HX(Fig. 7-B)

—~ A : low fz band

15 min BO MiINn A0min GO min

- B : mid fz band

15 min [0 Min 40 mMmin B0 min

- C : high fz band

15 min IO MIiN 40 MmN SO min

Fig. 5. Changes of power _during propofol infusion. A :
low frequency band, B : middle frequency band, C : high
frequency band.



— KERRRAERHE @ 3k

E oA F9lol AFE F AN AL FAE
HolwA 1182 power UE7} HE P ol2§ 0
o ol& AW Z7} FAHE RYT #Hx FAF
38 30%7H7 point), 57t FHFo 283H4 point)
dA FA} BAE Hole BSEREn AV &
Bo| Rgr

High frequency 9499 power ¥E(Fig. 7-C)=
oA Flol Aze ¥ 28 3027 #AE Holt
g 28 30&7%e FUksta 5RFe AYF M
2 power UEE Vel ¥ 7438 AFREA 11§
2ol power WE7F #H3HHe ol2Fh o]F HWH
9 F7 FHAE RAed F7t FAF 287M
point) oA Z4AE Bole FA7] Fio] BYth

ol# §%A9 2} frequency 99 power T &
o ¢ist a3 £F7] gt ek o el ®
ol e T3 ARPAE HolA it

AN AHEA 2 frequency 998 power Y&
o W Fe g gk

Low frequency 992 power ¥ %(Fig. 8-A)=
71 AgA F33] FAS F FA ghEe ¢
4& Holm Qlvh ®We & 25D~-155D A=
At

Middle frequency ¥9¢ power Yx(Fig. 8-B)
E 713 AEA 333 371 & FA TAEE
Gdg wofm ok Wste Ze 25D~-155D 3
EQt

Table 1. th #=zle] 74

284 6 U 1995 —

High frequency 999 power ¥ %(Fig. 8-C)%
713 A8A SH3] F7M T FA FiEe ¢
A& Holn ot W3ty £ 235D~-13SD A:
2 A frequency ¥ go] vl MIE L B v
FH F%AY 7 frequency 998 power B9 ¥
e} £&7] "sh Wk Wz S Jud
AE BolA gl

¥ EAMA Z frequency 99 power DE9

10 mitn 20 Mmin 30 MmN 40 MIin 50 Mmin GO Mmin

l"‘B . mid fz band r

10 mMmin 2O Min 80 Min 40 Min 50 MR SO mMin

-~ C : high fz band

-» 10 Mmin 20 Mmin 30 Min 40 min 50 mMmin GO mMmin

a4 t}o] Ay
g1 & 1841 %oly
2 ozt 214 Fold
3 = 244) sletad
4 ot 2544 AARNF
5 } 254 Fold
6 = 324 Folg
7 o2 324 Fold
8 R 374 Fold
9 w2} 454 v ot e} g
10 of 2} 1941 Zolg
11 o} 2} 324 Zold
12 of z} 44A) Folg

Fig. 6. Changes in power during normal resting state,
Alow frequency band, B:middle frequency band, C:
high frequency band.
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Wa e des g,

Low frequency 999 power Y%(Fig. 9-A):
71 ABA FF3 718 F FA giasE g
A& Hola gt Wale] £ 29SD~-13SD AE
Ak

Middle frequency €99 power W%(Fig. 9-B)
E ARHARA 343 F7he & 2 gas: o
3& Boln U} wale) £ 2SD~-13SD AT

| <A : low fz band I—

[ A TT.Y 10 min 18 aviin 20O win

< B : mid fz band

I

8 min 10 min 18 min 2O MmN

20 min

Fig. 7. Changes in power during induction of
anesthesia. A :low frequency band, B : middle frequnecy
band, C : high frequency band,

10 min 15 min

At

High frequency 999 power Y%(Fig. 9-C)%
718 AHA FHE] FME F Z2A) gass
3& Holxn ok e 2 18SD~-13SD AE
2 Al frequency 99 FolA 7HAe Wa 2e oy
Ak

A5 HAAY 2 frequency W9 power UE
9| W3ts} £&7) Wk, HWuk4o] Walzko] Ay
g Holx| 9ot}

<A : low fz band

S min 10 min

< C : high fz band

10 Mmin

o min

S swin

Fig. 8. Changes in power  during  endotracheal
intubation. A : low frequency band, B : mj
band, C : high frequency baXd " middle frequency
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oty 3 EA opHI oile FHe] ) =& &
%4 QlAEE AI7H ethrane FYF 20+4720]5 o
% 2} frequency B power YT W3} gL
oS gt

Low frequency 999 power Y=(Fig. 10-A)=
%71 oF 1583+ ¥zl Zo] AT di¥-£2] power
AE7t YFA oste] E¥Ede 77 e Zo
ojdrtt Fom RWFIII FOWA GRE

| <A : low fz band r

S omin 10 min

2.5
- B : mid fz band W

o min s miin 1O mirn
- )
[»c : high fz band
1.8f - - - - - - - —
B T S N
o8} - - - - - oo eI e e e e e e e e

Fig. 9. Changes in power during skin incision. A : low
frequency band, B : middle frequency band, C : high
frequency band.

power W=7} HTA o]3le] EEsi= o 2083
714, A3ty Zoluy W Fr)E olHe 208 vk
3tHA power W=7t FE HFX o]l EXdE
of 2089 77t a3 g9 Zo] FowA dif
29 power Y7t HFA o]dtof] EE3}E ulAT
Fog o]Fojx gl

Middle frequency 98¢ power dX=(Fig. 10-B)
T YA 7] o 1587 W3le] Zo] AAY gL

o
—~ A : low fz band
ol dY - - - - oo
&b 44 - - - - - - [\ﬁ—/\ -------
il o,
\f’ "
T s PR GO enin PTG

- B : mid fz band

28 un SO Mmin

--

2S5 min S0 min TS min

Fig. 10. Changes in power during recovery from
anesthesia. A :low frequency band, B:middle frequency
band, C: high frequency band.
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9 power WXE7} HER] oldtd] EEs= F3IH B
3to] Xo] oldur}t Fom HIFII FowA
power Y57} low frequency ol wl&] HFA9
YZo] Roh nF BEIFHE oF 20879 T3 w3
o] Zoly wWigFrix olde 20837 nissHA
power UE7t F2 FF X o) EXEE o 208
o 73 a2z WEte Zof FouA uiRi
power Y7t HFEA] o3t B X miAg 31
o2 ojFojx glovy npAIgt pItollA] Wale] Eo]
low frequency 9 9<] W¥sle] Zac g}

High frequency 9992 power ¥ =(Fig. 10-C)%
YA 7] oF 1583 He] Fo] AAg iR
power X7} B3] o|sle] EXEst= F2b 3o
Zo] ojdET Fou WEFI|7} HOoBA power
Ax7l BEAe] YFo] oj frequency FIxRtTh
a5 BXse of 08 7, Hsle] ZFoly i
BF7lE olde 2087 Hx3HEA power W=7}
F2 HGadA ojge It <o 2089 F+ a7
I ¥sle Fo] FouM UiEE9 power A=V
2] oldtdl EXdl= x| Fhoz o]Fojx ot

A% A 168 0%, vHF FEA 208, 718Y
Al 168, H8 "4 158, k3 3EA 1008
E¢9 7 frequency FEE power UWxo Wi %
Be A A, uE fFEA, Z1BW AEAY
low frequency 999 power W=t HTFX $Fo
BRsin olF Hy As, w3 FEA power Y
EE F2 FFF olgd EEZC

Low frequency 949 power ¥ x(Fig. 11-A)9
WEE 2 il {4, 7]3d A, 3R ")
L obf 3EA9 z7) HBEDL A=A & &
Bz Aok zEu Fd GAAY ok 5B 9
¥k BEE WZle] Zo] Fu FY AAdE
power 97t F2Z HFX o, vi3 HAY %
dol = power W7t F£2 BFxA Yol BT
A HAA, v F=A, 13 A#A middle
frequency Y 9% power BEE x| YZof X
3m olF HE AJ, wiH B A power Wi
F2 YFA ol EEFHT

Middle frequency 98¢ power Wxo| WaZ

=76~

(AT
B WL

BRI i

(Fig. 11-B)& vt f=4], 713 A, gy 3
AN R uty HEAQ 27 BEDAZNAN Z =
& veEha Ak z2u A FAAG utE 35
Ale] Fub (Ee Wzl Zol Fou low
frequency 92l power Bx9 H3}Eo] niFME
Yon middle frequency A4 2] power Ux A
HA A= power HEVF FE FFA S,
ol 3jEA)9] FutolE power W7} 22 HFIH

| — A : low fz band

o

INT ING A EOT

- B : mid fz band

~ND INT INC AEC EOoT

r
.
P
[t
=
l:aj
-

o INT OINGCG ARC [- 1= o

Fig. 11. Relative changes in power. A:low frequency
band, B : middle frequency band, C:high frequency band,
RES : resting state, IND : induction, INT : intubation, INC :
skin incision, REC : recovery, EOT : eye opening time.
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i &
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W3 E shastels AESe] JPsn AR, =@
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o

Hule] Age AAD s Hese
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MEdA 39 ek} Fx2 oA E Bos
A ANEE UG, 2L} o] QiR e Yzg
UM NEE
ol A7 el VHHIAY & 9o wy
T Aol Brsd dHEo Jdon, ££F 724
o Fe #4E 7|olgte S o9A B
vl mret 37 zojzt E ¢ Ae Bl Ao
AEANHA B3 AdEBAY FAE HAE ‘?}E}r‘:‘
A E] AUk olol H]ge] HA SHEAM gPE
F&o H&ol stsEy JHBAE vEH 1P°"‘
A %4 AEE Hd f AAHEA B3 F
JE WY fwe] Pasditiu B

oA 5] AEAAA EEAHe T4 L viH A
A7t BEIEUANE Z2Ha Uk nFHAY o
7HE JehlE NEEA 19654 Eger $0) Fa9
#H A ¥W ¥ 5 %(minimal alveolar concentration, ©|&}
MAC)e] 7idE E4vhAAY 9718 Jehlle A
E2H Y9Nty od AH{H1 9ok a3y MACE
AAsted dAM Z@ ATl i ¥-go @3
NEE 259 RAJeE HPgozN AA w4
AHEAl ZHE QL XL&‘C g F dey nHAEE
Y dFsede 28 558 74 Edlzn v
ojell &A1 A< ‘*% B7rgr oz MACY w
¢ He 2oslge oz A2d dF A¥A
A9l urgo} zAEHE FEE @$iEstE= MAC-BAR
Mdol FAFAT? E Glass $2(1993)e Ao}

A ok EA BE %7k Cps0-BAR, & B¢

A58 FAE 9 50% AN FFolA FAy
AHEAZA ] 3ol YAHE AL YFERE
A 49 NdE =4sn Ak oA D
efAle] vt ENE HHE de 259 239 B9
A&N3A 549 JAY Adadst o Fa
& BAAR AAAA =AY vt Feate @zl
AENBA dF4e HHE A8 g Hubeo
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et 9 Hukg EAge glo] A HQ Wyte
2 axA g1 F g #HdN EME A=dY
H 2 AFA S G5 Hrtel By tYE He
g 98 7+ U FHolnh

FHEE PSA 318 HYBAA AFd A g
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o9 et #y A4S e e Ax
7V B dasinz AFH olgle 9Ho] 98 Ho}
Yzt olel £4& 98 M9 computerg AMEE
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A BAE7] JED A&H BHL e g
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Hog ez o
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phase space 24X It} Phase space WA & A7t
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frequency 99 &g HxZ ANslY 2zt A
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(AU E dHFoZ FEFoRN BT e A
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g FHHse PHL oAAA FI FE AT
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