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Nociception monitoring devices using changes in autonomic nervous system activity
have been developed in numerous ways. Although there have been few studies con-
ducted on children, compared to the relatively higher number of studies on adults, most
of the nociception monitors in children, as in adults, appear to be more useful than the
standard clinical practice that uses hemodynamic parameters in the evaluation and
treatment of intraoperative nociception (pain) during general anesthesia. Particularly,
when monitoring the surgical pleth index (SPI) in anesthetized children, the application
of a new target range of SPI values (< 40) to the SPI monitoring criteria seems to be nec-
essary for providing a more proper intraoperative analgesia. The analgesia nociception
index (ANI) shows promising results in anesthetized adults, and recently, positive results
along with cardiorespiratory coherence have been reported in pediatric patients. New-
born infant parasympathetic evaluation (NIPE) could be useful for providing adequate
analgesia in newborns, infants, and children under 2 years of age in anesthetized or
awake states. In cases of skin conductance and pupillometry, further studies are need-
ed. Understanding the pros, cons, and limitations of these nociception monitoring tools
will provide more effective and safe intraoperative analgesia to pediatric patients under-
going general anesthesia, and it may also help to plan and conduct promising research
on the use of perioperative nociception monitoring in pediatric patients in the future.

Keywords: Analgesia; Anesthesia, general; Autonomic nervous system; Children; Moni-
toring, intraoperative; Nociception test; Pain measurement.
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changes) @& £7/cto] ZF £/ &3h= AlF 74 ZA
(surgical pelth index, analgesia nociception index, heart
rate variability, skin conductance, or pupillometry)°il T3l
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Ale AREsto] ZH2+9] HlolgHo]AE A5 tHAnalgesia;
Anesthesia, general; Autonomic nervous system; Children;
Monitoring, intraoperative; Nociception test; Pain
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(derived cardiovascular and respiratory parameters)®] }
=4, o7]oll= Wt 2= 9 Wk 7FA(pulse wave amplitude
and pulse beat interval), A8 o] E(heart rate variability)
5ol EFEH1]. E3F 1§ ¥eKskin sweating) ¥ 55 ¥
(pupillary change)®= A&A13A EAAZE 52 A AR
o]-g-¥IcH1].

Ot B2 A AR T A2 ORI F2 RS
O/ E Zdgx|o] o) T AolE gite s XIsid A+
A¥E0] BT 9= FAoltt. HAMHE W= Ao} 24
oflA ol=gt A ZAo]| 7]¥tste] =& F 28-S HHs| A&
sh7] AeiAe 7€ B 2 A7 29E BATeEN 1 858
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Aol EAof =3 3079 4ot i AET HEC] 7+ A
TollA AR B2 A AAE A3 e s HEsto] 458
e 1 A7 A= ES &g FEoA A 1L
H| . EA5HI
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Full-text articles excluded,
with reasons that they did
not include eligible
patients or interventions
for this review
(n=30)

Fig. 1. Flow diagram for article search
and inclusion criteria in the review.

T} 212 5 oMt 7F24(PULSE WAVE
AMPLITUDE AND PULSE BEAT INTERVAL)YS
083521 24| B3|

Surgical pleth index (SPI)

Surgical plethysmographic index T+ surgical stress
index2tal e &= SPIe W 4ka S47]0 Yehthe 384
W3Kphotoplethysmography)?] 3% 2 4l89ks 43 59
" 5 542 B7koketl ARSE= 7Sk HIAGARI A
Lolr}. SPI: F-8&untolx 57 7Fseh Wl 3-8 dut
ZZ(pulse photoplethysmographic amplitude, PPGA) ¥ 4
vl 7FA(heart beat interval, HB)S AR&-51o] tf23} ZHo] A
AFETHOL:

SPI =100 - (0.67 x PPGA + 0.33 x HBI) 4))

SPI 9] =74 H9E 0 CEHASEZ §12)01A4 100
AEG A FE7HK] o], o] AF-EollA 7l 20-509] SPI ¥
7t AAESE & 5 A% AT AHE 9n|shk= SPL &
2] WY ZA BEEIYTH10-13]. ES FES A5S /A5
A3t 2 7]E0 & SPI 3h2 50 ugte 2 RA|5ka g ¥l 10
< Z3sl= SPI 319 BlE 3715 mlsfioF gt Wars 1 9lck
[14].
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[10-13,15], §3] AAnHHsE =& 5 7|1E2] @Y} 4] 7]
HkgE 2159] 1|5)| SPI 5% Z8(SPI-guided analgesia)©] o
2 AR FHE ATtk A+ 2a=0] AAE AT
[10,12,13,16,17]. 1 tixH 0= tjof’t Q44 A 9 w=t
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2t % SR A9¥E E ¢ 93, 53] &of AAE e R
gt A Aol A AAE AgHol s 53 D87t 9tk
[19,24,25].
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A S FRAPCEN e T 55 L2 PES = &
o]7] 913t =¥ H|w ] Tt FHQ AF=E AP UL 11
23} T3 koA B EIrH19,24-26]. Harju 51261 A
g5 2 eeS W 24709 vighe] AokE iAo R uhy
e T & AR A 239 {5 ol dgidE 2 IorEt
" A17(ilioinguinal and iliohypogastric nerve) ¥l A1
< &+ ropivacaines FYUS F LollA & 5 SPI9] HsH
£ Eoloitt. 11 A3 713 § F ol B5F SPIe) 5
7\7v kg whE, Qb A7) Al SPI9] $7h= A9 Y
LA TEEAY, dAFF o2 FolA E5EIT T
(antinociception) A&l SPI9] 7171 T&E= S oH FZo]
oigk SP19] §HS/d0] =AnkA] FAFNA =Tk B
Tgro 24 AolojlA SPI B2 A7 88 5= a2 A
.ot I ¥-g/gdo] tha & @Ag 7]l 7 HWAHRIo)ZF =4
Sk AlgPdo] 9k B skt sEARE B 523 A, o]
At o]Qjo]l ThE of] A+ Apol|A] AolollA= SPI9] AlE|=
7} 231l vlsh Aar /4Rl ok SPI 4] 71Z2e &2 & F 2
B2 Fofjof eith= AES AXIRE Holt}. 1 £33 o]{E
Park G191 4019] A@H &0} 75—53], @89 A1
d(distensibility)—°] 217} th27] wjZo|=, o]= Qlsf Ao}
oA AA| 2 0] SPI gholl REg=A] el SPI gho] o &
2 73S BRIt 519t} &, @ 720 Uit 233} A
A ZgAdat v wsto] ojfo] 9] ¥y AEH AT VI 4144
o] £9kou[27], 71A ZHEoM 5= (basal catecholamine
concentration) ¥ 94 Al £8& w7AIH EA E(resting
muscle sympathetic nerve activity)®e 4210l H|3]| AotoflA
o 9H28]. o]’ £ o2 Q| Al 4 Al B sk
S YL A= 2 58 vt LooA B ZE 5
Atk SPI gk HBISF PPGAS] & 7] 8919]| o3 A4 ==
| o] F PPGAE E¥H 9] 413 d 7} 3] WH(intravascular
pulse pressure)°ll 2}&3}H[29], HBIO| B3] SPI kol & uff o
T 9T vFIHAKEA] 1 %), Aok= 4]l Hls) @3 =
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ojxq B7F A A] Aote] I kSO ZEJF EAoZ Q
3 AJolo] H]s] PPGAS] A7} Atk 7Hde 7]2o] W o
=9 SPI ¥ Hlo|e 59| B2 E FolNE F571 7Fssttt
Z, " K% Al fentanyl 2 pg/kgS FoIgt & 71TATHE
Z A $PFPS 1 SPL heart rate (HR), PPGA 5-9] #3}
£ 72 A4l 9 Aols tito g A F A ZuE vy
[30,31], 7]&Adst & SPI gke] WHskE71d)o0] Adides
A19] AFB30JoA B ¢ vhE, HRO] ¥slERe vl tt.
w2k PPGAQ] Hisle), & PPGAS] 4= AQloA o A
S A0E 358 4 9tk AAR Aote] AF 310 B
PPGAQ] WslFo] FU4EH-0.51)2 wi$- Attt o] E3s]o]
B2 A A AJR1a AofollA FEA W} WL ofd Alog
ek, 1 2jo]g2 FAllA], & Qls) SPIRR oEA ¥
3lsl= R)of) i) vl wste] TAIES] HoktHFig. 2). Fig. 2914
I XoleH A (area under the curve) W2 EH 3K peripheral
perfusion}& 2Ju]dH, o] SPI k) 9o AAATAS 7T

2 5 AH30,3119) A=l 7|9ksto] Fig. 28 EAIS13E 7t
Aol tigt £712Q1 Argolt. AL 4o 3t Mustola &
[3019] AollA] 7]1FARE o] HBI = PPGA = o2kl 7HYst
9, o] o SPI7} 44.29 28 & 44.2 = 100 - o, WA o = 55.8,
o714 713WARE o]F SPI 61.5& 17.39HF 37, HR 82.3
0= 9.19F Z7HAE o)A HR 73.23 022 4t o]F HBI
@)7F ¢F 49.602 ZAsHFt &, 43 o]% SPI 61.5 = 100
-(0.33 x 49.6 + 0.67 x p) (O47]A p= Al o]F PPGAR)).
w2bA B = (38.5 - 16.4)/0.67 = 33.0. &, 4% 0% PPGA7}
55.8 - 33.0 = 22.89F AP & 4 rHFig. 2A). ¥
A0FE iAo 2 3t Kallio 513119] A7ollA Hok 22 H4le
2 7]1#AtEE oA HBI = PPGA = y2kal 7F33Hd, 7]3iat
T o]A SPI 39.2 = 100 - y, WEhA] y = 60.8, 91714 7184t
3+ o]Z SPI 53.62.2 Z7HMustola S13019] AtoA ) &
Al 571, HR 84.2% S7HAT o] HR 72.9)F 2 E = 413 o]
3 HBI ()7} 9F 52.60.2 74319 tt. &, A3 0]F SPI 53.6 =
100 - (0.33 x 52.6 + 0.67 x &) (OJ7]A4] 5= Al o]F PPGA
o). wEbA § = (46.4 - 17.4)/0.67 = 43.3. &, 413+ 0|3 PPGA
7} 60.8 - 43.3 =17.59FF Zr4a2 & S thFig. 2B). 8°F
Sk, AJlof Hlsf) olof|A 7]FfAd o] % SPIgke] E S71st
FeHE7FE 17.3 vs. 13.7), Ol= A0foll4 PPGAS] ZHA%o]
o] A9l7] B (A 33.9 vs. 17.5) 0.8 wtEciEhd HRY
S71F2 341 9.1 vs. 9.6).

Q9Fs|| B, Park 51912 AAlntFsto] He HA|l&S vt
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Fig. 2. Comparison of photoplethysmographic (PPG) responses between adults and children for nociception during anesthesia. The schematic dia-
gram shows the difference between adults and children on the change of the PPG signal during endotracheal intubation at anesthesia induction.
The changes (decrease) of the photoplethysmographic amplitude (PPGA) and area under the curve (AUC) are smaller in children, and the resulting
changes (increase) of the surgical pleth index (SPI) values are also smaller in children (refer [SPI oc 1/AUC])). That is, this difference in PPG responses
for nociception may cause a difference in SPI values between adults and children. (A) PPG waveforms in adults. With an assumption that heartbeat

interval (HBI) equals to PPGA (HBI = PPGA = o) and the data of SPI and
810721 [30]), the following equations can be established and thus the

heart rate in the reference (Mustola et al. Anesthesiol Res Pract 2010; 2010:
values of the variables can be assumed: o’ = o - 6.2 = 55.8 - 6.2 = 49.6; 3

=0 - 22.8=55.8 - 22.8 = 33.0. (B) PPG waveforms in children. With an assumption that HBI equals to PPGA (HBI = PPGA = y) and the data of SPI
and heart rate in the reference (Kallio et al. Br J Anaesth 2008; 101: 383-9 [31]), the following equations can be established and thus the values

of the variables can be assumed: y'=y - 8.2=60.8 - 82=52.6; 8=y

- 175 =60.8 - 17.5 = 43.3. This figure is newly drawn based on the data of

the two studies [30,31] that reported changes in SPI, heart rate, and PPGA during endotracheal intubation.

£ 40t AN st W] 7]HERE ZEo] Hlsf SPI f-=
Z1&(SPI-guided analgesia)°llX & F fentanyl FF0]
Ao & T 53 A, 24 SE(emergence agitation)
Aa 9 3£ fentanyl FoIF0] B T B5IGY, &
ofoflx 9] SPI g+ E53 AW 7% 9 A= sl 54T
T2 73S oA vt 7o) Ao E Aoks tiide
2 ARl & 5 JAE3 2S $3S 913 53 SPLHE S
9] A4 Tz AotofA W= MER 349 fdo] FQsitt
I AEAN.

T3 Ledowski 51241% SPI & AFE00A 7 &M
AREE]0] 2 SPI kg (cut-off value; 50)°] 3|EAA 34
Y A 775 d55H] % ddE R AR HizAdol
L E0]4S 7HAA] F3tkal H1gko 24 AolofA S5 B
359 & F 552 W] Sk & 5 A5 AlFs]
SiA= 7129 SPI E3 R} o W 40 ofstE 2Hsh=
20| B A4 4 U2 AT &, LofollAe At

02 SPI 4] 71802 & F 52 3sfor o2 Agelst
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At

&3 Song 52512 AAlWHsE F7H& W 117(cranial
pinning)& ¥H= 2-12419] Ao 3Ajof|A] Al 7HA]9] o2 &%
0.2, 0.5, 0.8 pg/kg/hnZ FHEFD (sufentanil}S FYsHAA]
FE 9 14 599 Spl Wk &4, vlwdt 23, #E5 7t
Ot Zjo)7} Qigictal B a1sko 24 SPI} AofofA B2
E F22 AP0 85 1AsH] 2 5 52 AAT
Skt

AL sE & F 9% AREY 2 S Vel
ot E412Ql %3} SPI 8% A5(SPI-guided analgesia) 7+
84 9 A ZAFRE 67119 FA ) 2 A Hrandomized
controlled trial}E t O 2 3t HEREAl S o] 83 A A 13
A+t A3}, SPI e 180] & F oFHFAAY a4 7
A7 FH RS DEAF oY, 5 T B33 A Y 5
<7] 8359 Hlzol= Zol7t giirH32l. olE AR o] A
T TR A AA=OlA RS e T AR AEE
{15l SPIE o83t 52 A 2 AFA Fo7} 5 f-gsitiar
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AN s o] Qo] Eakel BALIRAT 47} 4
© gojs, 1% sfLie] Auto] Aobg Tk & A7l |
[19], 223 ol A 2ok thage) SPI B T AT 2
TFE24-2612 T W), 44 F A5 ek SpIo) w8, 5
3] ololl o] BEA] ek A AFHof s, o2 915
A 271419 A7-50] Basith

AuHHO| = (HEART RATE VARIABILITY)E
o8¢t S TAl 34|

Heart rate variability (HRV)

HRVE 94491 4173 9% Aol] 2Hintervalel that 4]
ZH9 sl BAo A 2] el A (o] R)E olnlsiH, ol 2
j'

& A73A0 & A 2 3 Bk, S i 9 Fud A3
Ato]9] A% 2H8-g uHgsf = Aotk HRV A AR &

T AAER A4 RR 1149 5 HAHAIRE 2H)] £4) B
5 3HKhigh frequency, HF), A53Hlow frequency, LF), 4]
F1Hvery low frequency, VLF) o}¢] 9 LF/HF B &1 =
Rl AHER W] BA4) 52 HRV iS4 vG
o7 {1 wEA ALY, 57g5) £rH33,34]. LF/HF Bl&2 o
7 9 Bzt A73A Atol9] ARkE]l #8E FHIRE SRR,
=2 AS 1A 2449 371 B Fuald €49 A4
£ 9v|gitt.

HRVE= 70 Qs SAteh 17 9 vl e 9] ShAt BFolA
54 7FsshH35-37], SPIet fAlsHA of7] ABed T A
A A AY(LRHE o R o] F7IsHaA ) [38], &
E39], A28 EAI40], S5 AeH41,42], 173 9 vpH Ax
[43,44], Q|74 A=1{45] T—oll ool B T2 5= it o]
% B A=3 22 FoiA = (noxious stimuli)9] A=} 11
o]l /383t HRVE "H /e 2] 4?1 EApol| A S4sto] 1 A4
TAE 2ARE 94 A7 HRVZF A3HEQ 24 97 =+
22X ARgo| 75T Aol AES AXI6HITHAG,47]. W,
HRHER] g2 3] A4 9] AHE2 STt 2aE B
tH48,49].

E3N A A 9] Ao (preterm infants), Ao}
(newborn infants), goF & Aol g4 52 F71ol 3o
7180 BEE 859 F5 A1} HRVY S RASHS
<=4l HRVZ} ti7f B350l 2 k3519, 21H50-52], FotollAg
At A2 GX|sHA] LoITH53) 2HE, v AdEe] of=l &
olEoA B4 A E SAHY F U= == HRVE ol
A A RSS2 HFA Aol fdsittal & 4= glon, ofF]
7HA] B At Aik= o] 7HA] 8Q150) 9 17 1%
HRVQ] £/ A& 7H<ItH54,551.

6

uebA o]2|3t HRVY] ud JAES 7Fedt HEdo s
# HRV9| W37} 52 (&= 59)9 A=l & -85S st
7] Y&l o8] AA7F S8 E(real-time algorithms) ¥ o]
£ ARESH A47) ZfdtE]o] $F=4), analgesia nociception
index, cardiorespiratory coherence, newborn infant
parasympathetic evaluation (NIPE) 5] ZHIc}.

Analgesia nociception index (ANI)

ANI (MetroDoloris Medical Systems, France)= HRVY] F
T EH|Ql A4 1k 27(0.15-0.4 Ho)d A4 A
Ax 9 33FE ZPAA FugdiAld 425 0 @d &
3)-100 (55 )9 $=A] ¥ el=E verdTHSPIe} BH). 71&
9] A= ANI = 50 F43H X& A= 76131 30 1
Tl B¢ 52 A=0E <l AeAlFA HESAJol vt A
0 & A&519tH56,571.

ANI®] =& 3 B4 A 2 2180l QoA 5842 A9l
e A7 B9 & YIS0l $Hom[56,58,59], Ft Aof
] Ak tE 9o} BigE0] HlS] ANV} & F
I =S Aokt BS dqlskal 35 240 5-85H=
ANEZ B 5 THE0-621.

ANIF & 5 55 B9t olvst & § 55, S 710 3l
AN 55 =S & vt 23E0] AAE] A=

e 1ol v T B2 74 AN o] HshA A e Akt
al

= 7 UATHG3,64], L HiTH o] A g A7 oA
3] EAYTH57,65]. Ol HRVE}F 55 A Aol A3 Ao
Ao1A] 7] Q= EAlA 9] 1 A1)l disf o] =739 o
A7} Q= R} FAFSITHAS,49].

Cardiorespiratory coherence

1

Cardiorespiratory coherencex HAlu}E & Alukol 5
5 Aol AR A AEE AT CEN AgAFA S
£ &5t 0|5 B9l 49 HEE 0 (2 Fo|™A, At &
-1 (&2 oA, 52 )9 B2 Friske HdsH
52 A ZXZA real-time cardiorespiratory coherence,
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Newborn infant parasympathetic evaluation (NIPE)
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