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Abstract

Objective: To explore the relationship between postoperative acute pain and photoplethysmo-
graphic waveform changes in patients undergoing breast surgery after emergence from general
anesthesia. Methods: Sixty-five patients, undergoing breast surgery under general anesthesia, fe-
male patients, aged 18 - 65 years, falling to ASA physical status I or II, were included in this study.
Induction of anesthesia was induced by intravenous propofol 1.5 mg/kg, sufentanil 0.4 ug/kg and
cisatracurium besilate 0.2 mg/kg; total intravenous anesthesia was maintained by intravenous
infusion propofol 5 - 6 mg-kg-1-h-1 and remifentanil 0.2 - 0.3 ug-kg-1-h-1. Heart rate (HR), systolic
blood pressure (SBP), diastolic blood pressure (DBP), photoplethysmographic main wave ampli-
tude (PPGA), static VAS score were recorded at 5 min after enter the operating room (To), 10 min
(T41), 20 min (T2), 30 min (T3) after emergence from anesthesia. The ratio of PPGA at the time point
of Tx and Ty is calculated and it is defined as PPGArx, 0. The patients were divided into mild pain
group (L group) and moderate pain group (M group) according to the VAS score at the time of T;. If
VAS score 2 4, oxycodone was given at 0.09 mg/kg. Results: Compared with T,, SBP, DBP, PPGA in
group L significantly decreased (P < 0.05), VAS significantly increased (P < 0.05) at T; SBP, DBP,
VAS in group M significantly increased, PPGA significantly decreased (P < 0.05) at Ty; HR, SBP, DBP,
PPGA in two groups significantly decreased, VAS significantly increased (P < 0.05) at T, T3; com-
pared with the previous time point, T, had lower HR than T1 (P < 0.05) in group L; T; had lower HR,
SBP, DBP, and VAS than T1, and PPGA and PPGA1y,/to increased(P < 0.05) in group M. Compared
with T2, SBP, DBP, VAS decreased, and PPGA, PPGAry/1o increased at Tz (P < 0.05). Compared with
the group L, the VAS score was significantly increased at T, (P < 0.05); SBP, DBP, and VAS were sig-
nificantly decreased at T, and T3, PPGA and PPGA1y,to were significantly increased in group M (P <
0.05). Pearson correlation analysis showed that there was no correlation between VAS scores and
HR, SBP, and DBP, and it displayed a significant negative relationship with PPGA (r = -0.437, P <
0.01) and PPGA1x/ro (r = =0.948, P < 0.01). Conclusion: Mild to moderate pain after emergence
from general anesthesia can cause significant reduction in the photoplethysmographic main wave
amplitude. When patients with moderate VAS pain scores can be given analgesics to relieve pain to
the VAS pain score which is mild, the amplitude can be significantly increased but not exceed the
preoperative level, and PPGA1y/to increases but less than 1, PPGAry/to maybe has reference value in
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assessing the pain degree after general anesthesia.
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HE: TR FARBE SRR SR St ERIEERI KRR Tk EFEEFHK
B TTHEF RS, &ik B, ££518~65% , ASA IBRIIZ . BREE TS 5% F BBk 54 R 0B 1.5 mg/kg.

EFZFARJE0.4 ug/kg, FETH ST IR I E Bk S IR i FE420.2 mg/kg; RER4ERF R A & 5 BKAR R,

B 5~6 mg-kg-1-h-1, B 25 K JB0.2~0.3 ug-kg-1-h-1. iR BFH A /55 min (To)~ 7B/ 10 min (T4).
758520 min (Tz2). J5EEJ530 min (T3) & W8] S A0 Z (HR). 45K (SBP). £F3KE(DBP). Bkl
EBBNE (PPGA)FIE KBS VASIESY, THHE TS Tl [H] RPPGALLAE E L APPGAT: 0. ARHEBFE TR X
MIVASTE K B E AR ERRA LA R ERRAEAMA), ERIVASIES = 45 NETH2%F0.09
mg/kg. G5R: 5T EE, T A LASBP. DBP. PPGAFEK, VASHIIN, ZRAESHH¥EE X (P <0.05);

MZSBP. DBP. VASHiIN, PPGARE, ZRAGIHEREN(P<0.05); T.. T:H FFZHHR. SBP. DBP,
PPGAFEK, VASHIN, ZRBSHHEN(P < 0.05). 5ai—K A AHKE, LATHRTHHRERK, E5H
BEHER (P <0.05); MATHTHHR. SBP. DBP. VASI{K, PPGA. PPGArmodlilll, ZRE%
& X (P < 0.05); T3 T SBP. DBP. VASF&(%, PPGA PPGAry /ot fIl, 2 FH S it2 % X (P < 0.05).
SLAWE, MAT R VASIFrEENR, Z2FF51H¥E (P <0.05); T2. T:HSBP. DBP. VASEE
P&, PPGA. PPGAryroREHH, ZRFGAIERN(P < 0.05). PearsontlXHTER: VASHY S
HR. SBP. DBPEBI B35, S5PPGA (r = -0.437, P < 0.01) XPPGAry/10 (r = -0.948, P < 0.01) £ fi 4
K. . BRI ERHERME LS| Rt AT BRI U IR B3 PR, XTVASERITH E
BES T EIRE ZRIRIE EVASKR 4 A% B R RIE T B B3 I E A AR T A, 8 PPGAT, mold
KH<1, PPGArroBtZRTETRAli 45 ARIF 75 R Jo SR T R A S5 MME.
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1. 3l

PR — R IR B WESE, B & FEONEK, AR ERERG MAZESR, REARERRZ
FARIEHE WEIER, BRI A AR AT gm0 8ol BN RESD, R0 D& e, B Es i
G4, PRAREFWEE, A KA BEAML o0 A B S0 B P AN R, IR RSP R IR R AEAR A
PR R IR IR, EUR R RO I8 R S R i R AR

PERPON AR T H N H EA RN, I AR 54 B DB R N Z [AF R R . HRHT S [1] 5,
e PORAAE S OB 2 PR R B AR O AR TUETR R VEAIALE] A0 T AR A e 8 v, #E3)
PORERUAIT 5T A5t AOAR SCBRAR IE 75 B A X6 1 S U G 3 ) TR S P 2] 2 AR v,
AR SRBATRENS S AF s BT A . SRR IO VEARALA] . 2 WL PP O R R PSR BT AR AL, AT DAA IR SRR
TR 2R, AN BSOS R

MR R . B P EARA MeGill 7] 28 A& I R TAF i A B AR PG TR, 8B R W
PRE EORBE BERE . BN S: Ja B2 B ST s ARMARR SR HOR 4% 35 15 80T AP
AR S T A BUR MOR 2 15 2 DAGT G 5 RO, 1 AN 2 15 B REHE T VP A R 5 - TS RS TN P
FESE o H RIS T2 B BRI 95 B i 175 W IR &S BB B R B AT s O PIR PP A 5 v D R B IR 2R 1
SRR E EMERGHThEE, I BAEZR U A OGN HI[3] [4]. 2 TG ARG I AT LA
W [ A2 DhREAN H i T 45 2 M PR 4 2 LA R AR T B MIBIDIR AR STHUR Y 4= B BRI I3 I ) Sk
SRS FLBR T A R O A A AR KA SR R, O RATA A2 ) U AORR 5%

2. BRI SR
2.1 —fRFER

AT L I e i PR AR B e R e (P B T 5 R e BR oA AR B S it , RTS8 B
BB RGBT 2018 4F 11 % 2019 4 2 JHUME 4 BRI T 0T AL TR B 65 ], Lotk ig
F, Rl 18~65 %, ASA | BN . HEBRFRAE: AR /E I B Rk A B BB DT R H I B . K
WA BRI (K 8 TS LIRS G BB T 2 T S A7 A PRI RGUBIA L ™ E Lol I AR
Gl X B EMARAR B . SRS R AACEI S DIRe S . BRI T U i R
ARJGHE WA . Y8 2R AN L. AFARE KA T LEUR AR B .

2.2. WEEF5E

FITA BB TERRT 2, NG5 R AN Ehlos i, LU R 4 ml-kg™h™ B3R SR e  5 & Ak
BNESTR . % BSM-4103/4113 Z hRee iy, NZEEEL I HR. SBP. DBP. ECG. SpO,. PPGA
S, BRI A A TRk TL-101T AN T B E A TRt 2B E . MBI 5 min 517 R
FES BAKESTIEM 1.5 mg/kg. #7255 K 0.4 uglkg, R S S Sk A o S IR 4% 0.2 mg/kg,
Imin JFAENIRE, EERRENATGES . IR S Ve 8mlkg, RR 12 XK/45r. MRIEZ4ERE: KA
S SEFIKRRIE, THIAEY 5~6 mg-kg ht. FiZFAJE 0.2~0.3 ug-kg “h, 4ERF PerCO, 35~40 mmHg, A4k
FFF35)/<0E K 8~12 cm H,O, BIS {H 40~60. A A ] Wk =R dfi % 4% 0.15 mglkg, 45 T#7ERE 4.48 mg
JAfSE 5 mg. F-AREGE B I (R 25000, 4% B 45 SR SRR E 0.5 mg At BA 1 mg #5diskai
USROS, f¢ 3 AR IR 95 BEIA BB R AE R BR UE F8 . ILSARSE PONV (115 5L

2.3. MEIEHF
SR EE AN EJG 5min (To). 73825 10 min (Ty). ZAEEf5 20 min (T2) 75EE 5 030 min (T) & 8] £ (1
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DEEHR). Y46 K (SBP). #75K & (DBP). kI WS 4 I 0 MR (PPGA) FIC K B A& VAS W4, tHHE T 5 To
i [E] 25 PPGA LUAR 52 SUA PPG ATy too 4% 5 R IR BEAR b AU A8 i 7 BN J A e 80 BRI P B2 =5 1 i B
Wio # VAS W5 >4 g T35 0.09 mg/kg [5]; R4 Ty B ZI1) VAS Vo0 38 7 AR &R
(L H: VAS <3)RIHHEEIHMAM 4: 3<VAS<7).

24. FIH5HR

KH SPSS 20.0 BAF AT St M. IR AT THEBUR A £ PrEZE(X+s)& R, I ELECK
FIBSIREA t A5G, 4507 Z AT MR tR s, AW BRI B I T 2500 AFIES /A B B0R
Az Z (M) AU 73 S R BE(IQR) 2, ZELI] EL R T Mann-Whitney U 4356 THEUBTRHA R ELEBCR TR 77
K. P<0.05 AZEFAHG ¥ E Lo

3. R

AT 65 Bl et s, WAHBREFR . S5, MELRIFEERWE 1 PR): RFELES
WX I A A

W 2 fion: 5 ToEb#, T L 20 SBP. DBP. PPGA [%k, VAS i, ZRAESi%E (P <
0.05); M 4 SBP. DBP. VAS #4/, PPGA [#fik, ZRA Gt X (P <0.05); T\ T3Hf P4 HR. SBP.
DBP. PPGA [#fik, VAS &, ZF{A%iH5 8 (P <0.05).

H5Hi—®A SR, L 4H T8 To B HR FRIK, ZR AR FE (P < 0.05); M4 T, T H HR.
SBP. DBP. VAS [#fik, PPGA. PPGAm ot N, ZRA St = L (P < 0.05); T# T, SBP. DBP.
VAS £, PPGA. PPGAnmo i, #5344ttt X (P < 0.05).

HLAE, MAT N VAS W BEE, ZRA4%0H 78X (P < 0.05); T,. T;if SBP. DBP.
VAS ZE[EK, PPGA. PPGAm &M H, ZRAGITFE X (P <0.05).

Pearson #H <53 M s (U072 3 FI7R): VAS 145 HR. SBP. DBP L AR, 5 PPGA(r = —0.437,
P < 0.01) /2 PPGAro(r = —0.948, P < 0.01) & fiuAf etk .

Table 1. Comparison of general conditions of the two groups of patients
1 BMEEE—MRIBERMELEE

b L4 M 4 P

7k 40 25 /

e 39.6 +13.0 44.8+10.8 0.104
Hm(cm) 162.0£5.7 160.0 £ 3.8 0.091
1A 7 (kg) 59.9+7.3 58.0 6.0 0.285

Table 2. Comparison of every observations

2. BVEIBIRHELEL

415 T0 T1 T2 T3
HR L 73.4+99 73.5+88 66.2 + 6.4 65.6+9.3"
M 71.0£12.0 718+11.2 65.0 £5.9™ 64.8 £85°
SBP(mmHg) L 134.7 +£10.2 133.5+8.7 133.4+9.4 133.4+10.0
M 131.4 + 8.4 135.9+8.4 127.4 + 9.5 116.4 +9.3%°
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Continued
DBP(mmHg) L 71.3%5.2 70547 69.7+6.6 68.6 +5.8°
M 69.0 £ 6.4 71.2+63 66.4 £ 6.4 62.4 £ 5.7%
VAS L 0 23£07° 24£07° 23£0.7°
M 0 43£05%® 1.5+0.5% 0.9 £ 0.3
PPGA(mMm) 16.0 +4.7 12.8+3.6°" 12.7+3.6° 12.8 +3.6°
M 182+43 11.1+28° 16.0 +3.7° 16.8 +4.1°
PPGATTo L / 0.7994 £ 0.0619 0.7947 £ 0.0624 0.7991 # 0.0605
M / 0.6084 + 0.0506° 0.8795 + 0.0290% 0.9222 + 0.0238%
TE: 5 LR, %P <0.05; 5 Tott#, °P<0.05; Sl AthE, °P<0.05.
Table 3. Correlation between VAS scores and HR, SBP, DBP, PPGA, PPGAT o
%2 3. VAS 45 HR. SBP. DBP. PPGA. PPGAq o BIFEX 4
r 95%ClI P
HR —0.0080 -0.1296, 0.1137 0.8974
SBP 0.1394 0.01808, 0.2567 0.0246
DBP 0.0724 —0.04974, 0.1923 0.2450
PPGA -0.4369 —0.5304, —0.3330 <0.0001
PPGAm 70 —0.9476 -0.9603, —0.9311 <0.0001

4. ¥7ig

RYEF AR, H 3%F] 85%[H F & & RAEFFERFEIFO6], HEEMEFEMENEHESH
RE FEURREUL . A REME SRR TNE FE S AR SR DR SRR . dkR T E 37
DRl 7 (R R 3 AN (R PR 22 S P 508 DA R 8 e 5 /RS 4 2 TR (AR EAE F T e R X — IR . 7218
PEEURREEME PR ITEOL R, /DR ANAE (5 530 DR RFEEEE, NI 5 B0 & RS T 80X
. TG I B2 2 5 SO L 431 25 A R0 D e 25038 AT 51 62 98 RE S LRI A2 A8 s DK i A [+) IX 4k
TEV T R RIFEANFEPER . RGBT R G B, A B Tk S 4 v e 4
PSR AT

FUIRFA G PR A R AN EFED) U R R 2R B, AT B R AR G Sk
PRI AENLE o — TRURTREPET 7E (710 FLIRE AR S5 SUE RN R S N fa B R 3 AT T 2R G VP MG, s
BEMRE R, BIFARMIE R E A F . FAR 3605 S A0 0™ AR B ARG, 1 ARl
BT SEARK SR IE 1 5, ARJF U7 AT 2R ™ ERE R SRRSO i T REME R I ¢
A JE AT IEAP DA ] Gy B LB AT BRI AR NI TG, T 5| BN E G o B 5 245 A2 SR A
TEYT B A o B R I BUR 22—, R AN 22 S5 AN 1R 24 SR M PR A S5 A A B SR
M FREFR R KWVES TR R RSB ZA S Bt &, B S 1 SR NE IR O I S A RPEAE T
TVIPE Al 07  RZ AL E AP F A E . BROIRES T IMEMAFR R SO B0 T 18 5E PPN H105 35
HHEAZHENE, EPEAEA SIS S IR TR 7 BN Z A & W br o

6 FLE R I A W B 28 HE I B AR 00 JE BB A J5 I 5 S S BRSO I e 4R Bk i E R =
B, PPG AIfEFRIS, MISRELH A& . PPGA ERH O 5 I & AN 40 & i 5k 771 224k, ik, PPG
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TSR TR B RSB TRt . PR E e UG ER. fiHEK
ZWMA A MARIE. AT, A — 2SI PREE A {8 A SR SRR A0 i ) L R R 5 (AR A
[8]c AT, IXFf 5 kA E WS A RNt ¥ ) L2 09 7 TS A 3801, I B & A 50 Ik R 2=
A LGN B AL SRR A B RIE VAL R FE B AN AR, W RRRE IR 5 R BUR 24
FIRMI TR BRI M AR RRES. LERBRMEMHRV). BUH - 055 M REIE
(ANI), FARIEFFECFEE(SPI) . FARRBFHEZ(SSI) A5 MmN PEFE B(RN) . EEFE Hk (P2, LA
F ARSI HRRAE, flanc s, AR, BEFLERSE. thah, NH ARSI R 28 43 HA TR - i
R I LSRR A P E IR IR A B TR VAL . Ak HE DeepFace LIFT B AR
18 TR VP ZE IS IR AR A AR o AHICHH FE[9]PFAS T F AR R 10 AT i (SPI) FH BRI 475 35 1k
SZARHUANDIE R B APESIR S T I VERE, 76T AR &5 W5 A BRI SPIL AT ANIZE TN A J5 P (111
FHE RN 44 (BUSME: 84%, HrFtE: 53%)A1 63 (BURM:: 52%, FrFtE: 82%). sh&dE, WiHE
740 S5 FEE AR ik P A8 S5 P88 A YN i 7 R P 2R R Mk T VA iff P A 4 0 e o A i (491 o R R 1L ) o R b
HEM BN AL 5 PPGAmymo TE B A A 5 IR FE FE I AT B 5E B

AW RN 2 Fim)da: M4 T, T, HR. SBP. DBP. VAS [%fk, PPGA. PPGAqo ¥
B, Ty T, SBP. DBP. VAS %1k, PPGA. PPGArro i fil, Pearson #3247 (# 3)Em VAS ¥4
5 PPGA (r=-0.437, P < 0.01) & PPGA~, 10 (r = —0.948, P < 0.01) % & 3 Uk Stk o« I s B 2 %of 2H 2R 45455
PR, AT LAGI RS H B SR A AR A b . I S A B X, &2 Ptk
8 5 E A MY T BRI o BRI, PPGAm o FRARAZ HI A5 S Ao o S I 22 Bl 5 kS
(A0 JE AW AE T3 . — TG R 78 [LO17E 42 bR J 5 it S5 3 vp R I ek s 25 AR 1 R SR B S B (BT Tk B V18
AR Aok 18] B AR A R AH B )M A — P B PR BT A TAMRFE ARG IT IR 2, v AX 3 37 o &
R (VAS) > 3 RIS . Lim ZEBHEE T —Fm 25, HARIES T/ B RIEHLT PPG I
RE LIRS 2 MM E R AL IR R, RO BB T H T H KR L RS 57— X[
65 4 FAREE IR T ARFATHAJEH PPG F1 100 Z KA 5t L4 B R (VAS), FMIRTFHTIX L PPG H42HL
T3k 51 FEET PPG A IS B I bR U S, b 36 MR T St ER R EE R, XS
A REAE VPG A J5 08 7 T B AT AENE . BhAS KA R S50 (19 4n V5 — e WSc 4 S5 s 2 A A0 A A — A&7 5K SR
FEARAR) 7R H LGRS S BOE I I 0 0 Ve B o PPG JIR M A — 4 A U 4 B UG (B FR e AR AL AE 2 SRR JR
PRIG T R, FCAERRRE . MU RSB PE TS 73 78 79.5%. 74.0%. 86.0%7F11 84.5%,
IXELE AT SPl, 73 5)h 65.9%. 65.9%. 66.5%F1 66.5%. Ak, Ye ZE[12]00 5 5 A S HUE AR 7 A
MR IR R AT AR, It B RBDEARRRCIESEAE NN, R, IME Mg RE
IR PUFP B O N A A E A N, X AR R S m] TR I PRIABE VR i S SR PR s B (1 5 5%

AW TR 4 RIS S () S e PR VAL, HERR T ORBTAELE IS M 70 B RS R R, 45
] 4 BRI 3 WL 5 2 b 2 920 M DA R ' PR S B B U U M 8 35 A, X VAS ST or R R 48 7
BUR RV ZE VAS SN VF 53 R B I8 ] B 2 38 I EASB S R AT, #EE PPGATro M K H<1,
HL U AE VAL 4 5 IR 5 S PR R T R A S M . AR RIRYE N 1. (OEFRILIRIMEFFEAR
U BEERNME S, RPANBHEEE; 2. KRG VAS iFoh R B EEERES . AN TLIR
HIRFFEARES, R TAEFARMEAPER A G SR, s, Jel SRR AR P B
IRV B R I N A Rt — P

5. &5iE

S, ' A AR KRR R SR H AR R B IR P D AR AL AR D — I . e BT AR
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