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defined delirium, 3D-CAM) 343, R J5 3 K NAE & 1
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WA TPE S (visual analogue scale ,VAS),

122 2EME ARBMAADTLIDERE R
7% (PP 2 A B2 J7 3 25 A7 R A, 5 : NirSmart
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£ (730 nm A1 850 nm) Y IT L1705, DA 11 Hz 18Rk
WA S T 204N OGS 1R 5 o AR 18 IE 1Y Beer-
Lambert &, 315 & & L4125 (oxyhemoglobin,
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A e S IRIE PR 10/20 R GERCE 545
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Fig.1 Probe and channel positioning diagram

A': The {NIRS optical pole coordinate brain map distribution; B: The optical pole coordinate plane distribution, where S represents the transmitting

probe and D is the receiving probe ; Each pair of transmitting probes and receiving probes forms a measurement channel.

Network B H0F I D) B8 2 18 P #4770 Fr . SR U8R
AT ANTRS AT 55 25 B i 25030, 45 21 45438 38 19 HbO
W] R 31 o SR s 3 b v 25 AR 2R A (EDIE
(SDThresh=6, AMPThresh=0. 5) % 3k j FI4R S 4%}
B R 13z 3 O 52 EAT 8 IE A0 A ARl
0. 01~0. 20 Hz F 47 38 4§ I 2 25 B A BEWE 7 (4 i
W O IV S AR US55 ). T 24
HbO B [8] 5 51 2 [8] (Y Pearson #H5& R % r, 7 SN
A~ i 18 2 (6] 19 T g 3% 2 (functional connectivity,
FC) , r 8RS 18 18 22 1] 1 AH G B 5 4
13BN r (AT Fisher 74k, i H Z (H R R FOER )
A I AT ¢ K 56, R 48 15 & I (false discovery
rate-benjamini-hochberg method , FDR-BH £ ) ¢ 1E7',
PR 2 43 M1 R FH Mann-Whitney U K 56 < 7 K 56
FRANKG LG , HL AR5 2R 20 e 45 2R 4 P<0. 05 1722 B4
AZ N K Logistic FIH53HT. 76 RIE T P4 2k
# T AE H¢ AE il £& (receiver operator characteristic
curve, ROC) Jf i1 & i £ F 1 X (area under the
curve, AUC) \ R B¢ 55 B 29 848 8. IR
Hosmer-Lemeshow #0045 /6 B 46 56 55 TF 452 A4 401 5 10
o BT geit K3 P<0. 05,

2 H#R

2.1 WMAEMBARNSAREEBITSMOILE A
SRR 105 6] 58 HEBR A e B3R5 1 1) J
RIG K17 4 6] J5 B 24 100 6 84 0 A 53 B, POD &
AL 20 0, R JE R & A E = B E L 80 . X T
B E ORI S5 R P sk 1 ZR 2 s, Horp
AR ORTT A ASA 79 TR LA 75 T
AN R4 R 520 POD Y [ 28 HE (P<0. 05) .
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2.2 FHARMESHELE  NIRS A S0 1 5L
It b B G P 4 A3 BT s A 2 B R . 1 2A 2B
43504 POD 2 5 4E POD ZH A i AU 5 - | 5T 45 38
TE [A]ET- S A DG R BUE Rt AT 15 POD AT 55
25 FC A 5% & %0 r 1 (0. 069+0. 118) Ik T E POD 41
(0.073+0. 084) , X745 2| 1) 4 £ fiT 4 3 1 Pearson 1H
KRB AT IE A Z (H e i, e Jm EAT oA
B IS i PAEHEST FDR A IE , B 0F J5 45 A )
W AR b Kz J57 — A7 ) 93z 31 K2 )2 (primary so-
matosensory cortex-primary motor cortex, RS1-RM1)5
ZE M B DX A5 I A7 2 R = ff X (frontopolar area-
pars opercularis part of Broca's area, LFP-RBA44) H.
A EMEE (¥ P<0.05).

23 ZEXTEHRAREELZLEPODHSEAERS
o LU A& &4 POD S A AE 4, RS1-RM1, LFP-
RBA44 P 1B AH OC R B r (B0 A 728 &L, F 4R LASA
RO R TR B 5 RN RN A A
A YA Z [N K Logistic [81 343 #r , 7158 45 R an &
3,45 R, W AERY  ASA g RATHEMA L F
ARFRAE AR AN R W J5 , RS1-RM 1 LFP-RBA44
W3 T8 A 56 & 8 (5 2 POD Ay 52 R (P<
0.05) ,RS1-RM1 5 LFP-RBA44 1% />3 i A4 fi [7] )1
FREOH N ZF ARG POD IR IR & .
W23,

2.4 RS1-RM1.LFP-RBAM4 X Z# rERES
st POD B ROC M & 3 # FH 1K1 3 T, RS-
RM1 ) AUC=0. 797(95% CI:0. 657,0.937) , )& 48
Bh 0. 564, RABE K 89. 7%, ¥ 5 FE N 66. 7%, #%
Wi {7 0. 103 ; LFP-RBA44 1) AUC=0. 784(95% CI
0.651, 0.917) , 24 % 48 % K 0.519, R & N
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Tab.1 Comparison of general information between two groups of patients [M (P,, P,;), n (%), ¥+s]

Variable Non-POD group (n=80) POD group (n=20) /71 x* value P value
Age (years) 71 (65, 77) 72 (69, 86) -2.11 0.035
Female 52 (65.00) 14 (70. 00) -0.26 0.793
Sp0, (%) 98 (97.00, 99.00) 96 (95.50, 98.50) -1.94 0. 052
Pre-MAP (mmHg) 100. 07+11. 46 102. 15+6. 84 -0. 65 0. 526
Pre-MMSE 25.05+2. 32 24.00+1. 73 1.56 0.122
BMI (kg/m?) 25.01+3.02 23.12+4. 37 1.75 0. 084
ASA -3.13 0. 047

1 73 (91.30) 15 (75.00)

I 7 (8.80) 5(25.00)
Education level -1.01 0.414

Illiteracy 35 (43.80) 12 (60.00)

Primary school 27 (33.80) 3 (15.00)

Middle school 15 (18.80) 4 (20.00)

College or higher 3(3.80) 1(5.00)
Operation sites -2.00 0. 022

Knee joint 43 (53.80) 5 (25.00)

Hip joint 37 (46.30) 15 (75.00)
RBC (x10"/L) 4. 14+0. 44 3. 88+0. 47 1.97 0.052
Hb (g/L) 122.66+13. 36 118. 69+14. 28 0.99 0.325
Alb(g/L) 38.47+3.04 35.75+2.77 -0. 85 0. 003
BUN (mmol/L) 6. 11+1.57 6.30+2. 06 -0. 39 0. 700
WBC (x10%/L) 6.06 (5.02, 7.22) 6.82 (4.82, 7.46) -0.62 0.538
ALT (U/L) 16.00 (12.00, 21.00) 16.05 (11.50, 20.00) -0.57 0.572
AST (U/L) 21.00 (18.00, 25.00) 21.50 (17.25, 24.75) -0.32 0. 748
Cr (pmol/L) 52.00 (45.00, 59.00) 48.50 (39.00, 62.00) -1.13 0. 261
Vasoactive agents -1.56 0.118

No 12 (85.70) 3 (14.30)

Yes 68 (80.00) 17 (20.00)
Adverse events -5.62 <0. 001

No 77 (85.60) 13 (14.40)

Yes 3 (30.00) 7 (70.00)
Propofol dose (mg) 382.23+124. 60 356.24+103. 34 0.53 0.651
Remifentanil dose (pg) 1 621.01+47.23 1 551.32+39. 04 0.25 0.213
Total fluids (mL) 600 (500, 900) 500 (500, 875) -0.43 0. 666
EBL (mL) 100 (100, 200) 100 (100, 175) -0. 45 0. 653
MAP-CV 0. 16+0. 05 0. 14+0. 06 0. 69 0.200
IPH 19 (23.75) 4 (20.00) -0. 34 0.632
Rescue analgesia 23 (28.75) 6 (30.00) -0.27 0.563

SpO,: pulse oxygen saturation; Pre-MAP: preoperative mean arterial pressure; Pre-MMSE: preoperative mini-mental state examination; BMI:body
mass index; RBC: red blood cell; Hb: hemoglobin; Alb: Albumin; BUN: blood urea nitrogen; WBC: white blood cell; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; Cr: Creatinine; EBL: estimated blood loss; IPH: intraoperative hypothermia; MAP-CV:

coefficient of variation of mean arterial pressure , the standard deviation of MAP divided by the mean of MAP, multiplied by 100% .

76. 9% K3 BEN 75. 0%, BIHHE A -0. 06; A I 0.521) . Hosmer-Lemeshow 8145116 BE 46 6 45 R i /R
it 26 N 11 AL AUC=0. 844 (95% CI1:0.721,0.967) o PIDEAAFEARAY RSB RYADLA5 O BE A s (=2 198,
2% Delong K 9 L3 3 A AU ROC h 4 22 21k ¥ 6.842,P =0.974.0.554)

3l iy 2 7 P B A B A TN A 17 B T
N2 TG 2475 X (P =0. 873) , B4 7 AR 4 2.
A48 bR B OJF R W 3E 4R S B RE ) (P=0. 610,
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Tab.2 Comparison of postoperative pain scores

between two groups of patients (¥+s)

Postopretive pain Non-POD POD group ¢ value P value
group
Day1-rseting pain 4,25+1.87 3.31+1.44 1.74  0.085
Dayl-MEP 6.20£5.84  4.92+0. 86 0.79 0.433
Day?2-rseting pain 2.45%1.43  2.15+1.14 0.72  0.471
Day2-MEP 3.19+1.47 3.31%£1.03 -0.27 0.787
Day3-rseting pain 1.06+1.02  0.92+0.76 0.45 0.651
Day3-MEP 1.55+0.97 1.23+0.83 1.11  0.270

MEP: movement-evoked postoperative pain.

*3 ZEZETIT Logistic @30 &E R

Tab.3 Results of multivariate binary Logistic regression analysis

Variable s OR (95% CI) P value
RS1-RM1 -2.878 0.050 (0.005, 0.511) 0. 046
LFP-RBA44 -4.012  0.006 (0, 0.338) 0.028

Age (years) -0. 052 0.949 (0.822,1.097) 0. 480
ASA 5.39%4 0.289 (0.004,1.344) 0.131
Alb (g/L) -0.617 0.569 (0.262,1.231) 0. 181
Operation sites -0.747 0.924 (0.089,9.559) 0.638
Adverse events 5.357 0.102 (0.005,2.208) 0. 146

P, IF PR AT 55 2857 AR MR B i 88T 0 ) 4% 30 3 32
AL DL, 3K 205 BRI WAl T 3067 &
SRV 45 5 T AT A A R S
AR R E AW — R R T 5T L
INIRS AT 55 25 (91 X D) BE 1 $2 K P A D A R i 2%
PEAT I AR AR R A, S DR 26 D) BE DRI 11 1o XU
[l A S 22 4F POD SR 32 BT A 1 i 28 2 (A A
Yy, T HE 1 INTRS Ji R A ORI WY 7E POD

A POD B
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1B RNy fig R A5 1 3 A T, Baik et al®® >R H 3
T A INIRS 4 A A9 A5 504 4 I 2%, e LR BN
FIBE A (mild cognitive impairment, MCI) ZH A5 Il i) 5
I 5 22 00 7 400 I ) S - R 2 S 2 U T B TR
ZH K-, i 7 R DX TR] 1) A 28004 42 7K P R AR T RE 2
MCLE AT S BESZ 0 1 B bR o At , Kat-
zorke et al'"*' & B MCI S8 5 76 UAT 18 S0 8 I A B
I (verbal fluency test, VFT) 4T 45 3 [1] , JH i % i
B T I OB IE H W W s o ds R RS
fMRI XS 34 491 0 I TR 19 & 4 8 74 POD HE4T B
58, K POD FEE ARFTERINRI LS 5 B 2% e g4k
A 0 485 4% Jiki DX ) 4 i 2 B T B 0 A1 L 3
L BIF 5 S I ) 465 1 4 B0 2 POD AY fie 4 3L )
R,

RS1-RM1 £ 5% B 1A 7 00 64 i ik A 5 A (A 2
8k 3R K 2 B AR B 0z Bl P A2 2R sh TR Y
PAT, A E RS — BB ET . X I
A RE 595 22 B RN B L L ) ) BRSO
[Fi] B py 9 D PRT -5 B0 K 30 b R okl 3 T R o 2>
KK DIz By 1 J2 1% BRFR B, 12 3% 42 iR Vs 5555 P BB I
Witz 2 B ELJC . LFP-RBA44 2 5 1 90N 1 T
AEAN TARICHZ DSR4t 2 A0 B SHic 108
G Z00E S, TR F R RS TR R
5 & 1 45 DU BE . LEP-RBA44 Ty RE¥E 4 (R AR 42
R PONHINRE 5 1R 5 WIRER A, R 518 O AE
ARAROCHE . 7ERRIER 20 PkEe h, FARJE
VE RS2 451 LA KA R B i TR 28 R AR
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Fig.2 Functional connectivity matrix of brain network analysis for two groups of patients

A, B: The horizontal and vertical axes of the matrix diagram are acquisition channels, and the diagonal is the coefficient of each channel, which is

set to 03 C: Differences between groups in the actual channel, the red line indicates a connection with a significant difference (P,
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<0.05 ).
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Fig. 3 Two-channel and combined prediction ROC curve
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The role of functional near-infrared spectroscopy in predicting
postoperative delirium in elderly patients undergoing

perioperative joint replacement surgery
Wu Jianxiao', Zhang Muchun', Guo Jingyi1 , Yang Lizhuangz, Hu Xianwen'
(" Department of Anesthesia and Perioperative Medicine , The Second Hospital of Anhui Medical
University , Hefei 230601 ; * Institute of Health and Medical Technology, Hefei Institutes of
Physical Science , Chinese Academy of Sciences, Hefei 230031 )

Abstract Objective To explore the role of neuroimaging features monitored by functional near-infrared spectros-
copy (fNIRS) in postoperative delirium (POD) in elderly patients undergoing joint replacement during periopera-
tive period, and to provide a basis for early clinical prediction. Methods A total of 105 elderly patients who under-
went joint replacement under general anesthesia were included. The Mini-Mental State Examination (MMSE) scale
was used to evaluate the patient's cognition one day before the operation. Before the start of the surgery, fNIRS was
used to monitor the changes of cerebral blood oxygen saturation when the patient performed the task state. The 3-
minute delirium diagnostic scale (3D-CAM scale) was used to evaluate the occurrence of POD at 24, 48 and 72 h
after operation. Brain network analysis was performed and Logistic regression analysis was used to explore the rela-
tionship between fNIRS monitoring data and POD in elderly patients undergoing joint replacement surgery during
preoperative task state. The receiver operating characteristic curve (ROC curve) was constructed to evaluate the di-
agnostic efficacy, and the Hosmer-Lemeshow goodness-of-fit test was used to test the goodness of fit of the model.
Results  Among 105 patients, 100 cases were effectively analyzed, of which 20 cases (20%) had POD. Brain net-
work analysis showed that the r value of functional connectivity correlation coefficient in POD group (0. 069+
0. 118) was lower than that in non-POD group (0. 073+0. 084). The low channel connectivity of right primary so-
matosensory cortex-right primary motor cortex (RSI-RM1) and left anterior pole-right Broca's triangle (LFP-
RBA44) was an important factor affecting the occurrence of POD (P < 0. 05). Based on this result, the area under
the ROC curve was 0. 797 and 0. 784, respectively. The results of Hosmer-Lemeshow goodness-of-fit test showed
that the model fitted well (all P>0.5). Conclusion The neuroimaging features extracted from the cerebral oxygen
saturation data monitored by fNIRS are significantly correlated with the risk of POD in elderly patients undergoing
joint replacement during perioperative period. Among them, the low connectivity of preoperative RS1-RM1 and
LFP-RBA44 brain network channels is an important influencing factor of POD occurrence. Predicting the occur-
rence of POD based on fNIRS is conducive to the early intervention and risk reduction of perioperative complica-
tions, improving medical quality and promoting precision medical practice.

Key words functional near infrared spectroscopy; postoperative delirium; brain network; correlation analysis;
ROC curve; prediction
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