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Abstract Objective To explore the role of neuroimaging features monitored by functional
near-infrared spectroscopy (fNIRS) in postoperative delirium (POD) in elderly patients
undergoing joint replacement during perioperative period, and to provide a basis for early clinical
prediction. Methods A total of 105 elderly patients who underwent 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 relationship 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 diagnostic 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 network 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 (0.07340.084). The low channel connectivity of right primary somatosensory
cortex-right primary motor cortex (RS1-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-RBAA44 brain network channels is an important influencing factor of POD
occurrence. Predicting the occurrence of POD based on fNIRS is conducive to the early
intervention and risk reduction of perioperative complications, improving medical quality and
promoting precision medical practice.

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

Fund program Key Research and Development Program of Anhui Province
(N0.2022e07020045)

Corresponding author Hu Xianwen, E-mail: huxianwen001@126.com

A J5 1% (postoperative delirium, POD) /2 H B Ifi R = i 5 5 1 Bl AR A 2% 2 5 2 R
LA B S POD [ KU N HF, BfF FE 2R I B AE KT ARG AT REIL 15.2%~40%.
H Rl 5T POD HRF 7t 32 B4 sp /e T T4 BB, i T i 1 0l 2 B ARSI )7 POD T
VERE . DIREPEIL LI A IS+ R (functional near-Infrared spectroscopy, fNIRS) &I 4K
— RN 1 U A T R S AR EOR o 29 NARSZ B Sh FURI , P22 Teis 3 s infi & 715
S G AR R RS R, R M LA B S AR LI s S8 R IR LA BRI R A A
it 48 I 20 19 BE AR Ak T 3R 15 )R 5 A 2H 23 40 1 A S (regional cerebral saturation
oxygenation, rScOz) , FJSEZHT I IA KNy RERRAS 3 A B R iR AR L. BT, A AR
DN INIRS N TP ZB AT M B 2 BE ST AT A 7, (R R (R BF e £ B rpr ok
FEEN PR 1 S I RERE Lo XA 70 B EM SR LA BHARAT INIRS B4 PR
R24FAE, FIF Logistics FIJA#RFT INIRS AT %5 & 45 5 POD KAEMIK R, S HAE T &
3 POD SR AT IIER
1 MR 577
LB 3R

AHIE TR BB TE, A AR AR BEALNT RIS o (K — 0, ASHF 7 i e PR R K 2
B EEREE RS YX2024-141 (1B D) ], FrA 25090 R B3 8K S 78 BRI
R C B RE . MNPRIEEN 2024 4 8—12 T 2HERIR 255 — B B b7 4 5
PRI R ST B TR, MAIRIR, 46 60~80 %, 3 BRI I bl 2> ARG IR 1L 4 2

(American Society of Anesthesiologists, ASA) II~TIZ%. Kk M = Ah s ANBERTE4E N

AR FRS w22y s . KIHERTT . AR FTEEAT 141 20 RS RS VAN (mini-mental state examination,



MMSE) R 5 AR & VP43 I 5 AT M RS BE IR IR VT 5y (SCH<1T 4, /D320
Gy, W22 4y, KF<2340)  MABE. W EEGE S SIS . T RERE RS S R HER
4k
1.2 5%
1.2.1 IGR BRI

TEARFT 1| RET I =7 SN GG B 54T MMSE W53, K RFar g bk 6
BN NHBERAE 8 h, T TRURRIA) TR0 L JRE i Jik I A7 68 75 51 52 T 8 9 5 4sh £ B i
(0.25%Z KK A 40 mL) B BEAFZ I (0.25% B WRF IR 30 mL) , f#HZEFHH 55 5 min
W5 BT AR, A28 S DX BEL 56 4 1 ER DR b ENIRS SRS, M A i o 4 e s
Bl ARBALELSEM BRI REMAEHBELF A INIRS HAZRKK LA RIS T 5%
J, fEERAERTEIT, A xHE F A T R R A 1S SN AT (S B RREA N
T B4R UL e A S, B REES S INIRS Hdls, DU HERmREEE L
R TE AR N A LA B VAN T SRR AR . WPIEIEE 7 A © &
2R A @ BHEREZD? @ BAREMBTREMNSA? @ BRGHEmME?
(U ML, U4k 0] Sl M A K2 /02 B mILE 2 A T ? PR A
WZREEZ Y BRI —FZi? REMERM? SREEMA? © EREFRE? (If,
Mgkst i) HE RS REZ ? BARMF 22 BEERnE? © —EH H bk
Pggi, PO IERR . B ? @ LA Gl A TR ? B AT 4 47
HHAFR? BAREEFRKRL 5 s, HEANDRBHRERITE 525K\, JFERESIW
fNIRS 55 LTI BT . A5 EREL NG, BEHRANTFRE, FEIFOME. ©
R T i P S P R 2 S5 R Al M 47 Je R AT 4 B BRI 5 5 o BRI 15 PR ST 25 KJE 0.25 pg/kg.
TRFTIKER 0.2 mg/kg WRZERERT Hh 2245 0.2 me/kg, SEIHE G ERRBHUTHIRGES, WK
WP (fractional inspired oxygen, FiO2) 60%, "SR 4Lk (end-tidal carbon dioxide
partial pressure, PETCO,) 45T 35~45 mmHg. BREE4ESR:: VAN 4~8 mg/ (kg-h) , FHi
Z5KJE 0.1~0.3 pg/ (kg-min) , MHARELT H P24 3~4 pg/ (kgomin) o A AL I 8 4 F7 75 5
IR FY) 20%, i L XUBFE$0 (bispectral index, BIS) {HAE 45~60, I UL BRIEVAR S o
ARELE B E B HRAEPEREG, RS SE, IMEARRRE, HiE2RERE =
Wit o RIS T LAB K EUR AT UM AT (8725 K8 2 pg/kg+ B 2% 20 mg) , RJS5H 24, 48,
72 h AT 3 43 %hifE %12 W 5 % (3-minute diagnostic interview for CAM-defined delirium, 3D-CAM)

P, RJE 3 RIWAEE 1 K 3D-CAM SR MDA RBHPE T % % 835 A E POD, iE%4



TS S FURE AL WSS DL R A RIE T CSRR AT R R (A, SERE. &
RIS ZHAETRE . MRS « RRI 2 KM EE A R, Kb ki,
IR AR TS B SR SO I R BE IS 2 . RS IRARIE G2 SCAR ORI T 36 ) 2%,
WREHEANEG (TO « BRE (T L FHEEWZ] (T2) 85 5min (T3) . YIE (T4 .
AR 1h (T5) KFAREEHR (T6) &bl E mAMAEN 1% F6h5. WRFREHE 1. 2. 3 K%
REF MR EES> (visual analogue scale, VAS)
1.2.2 FEER

AR I 20 A6 R & (P EAET R & EHR A A, &5 ; NirSmart
11-3000A) , Z W& FTECA (1 INIRS SKkiE6R R G, B8 18 MRHHLE 18 MEUR:k,
Herh R 5 1R 2 Ta ) IR BEAS B E N 30 mme B 1 4SRRGSR B M, K
AL E SR EIEIE , SASET AR 35 ANEIE R 2 PRI (730 nm A1 850
nm) I ZLAMG, B 11Hz FERFEAZ L S IE LGS 5 o AR PR 12 15 ) Beer-Lambert €1,
PFEAIMLEH (oxyhemoglobin, HbO) A4 M LA (reduced hemoglobin, HbR)
(R FE AR AR, i 2 A8 A R 8 [R] 42 S WA i X AR 22 35 3 . D6l IR E B 10/20 RS0
B K IRAT AL BR G He R SRR R 4 2 4F 7 BT AL 7 7 7] (montreal neurological institute, MND),
JA8iH NirSpace (FHHERGD )73 [HVEM 7728 — B 2] MNI ARERBAR, 2R ke
Pt 1 frR. SHEREPATIES AR FIB A INIRS X 8525 1M Th R b AT FF g i, id
SEANFME S5 T H B NIRS 0 W5 I 254 A5 1k

B 1 gk EREEME
Fig.1 Probe and channel positioning diagram
A: The fNIRS 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.



1.3 Gt
K IBM SPSS 27.0+ R i& 5 4.5.0 Al Nirspark X & TG T+ Mr o 5 M HRER 40

HE (%) Fox, ERFRFEESHMERH (X£s) R, FESHMERH M

(P25, P1s) #F7ne X T REAEFIN) INIRS BINEHE, 7EMZ0HE %L KR 3 T 347 b 2%
G307 A NirSpark %4 1 (¥) Network BHRT i ) R84 8 PR FEAT 734 o $EELE S AR AT INIRS
R4 A B, 324N EE R HbO I 8] 5 51 . K FH I8 2 b v 22 FHFE 5% 4 {4 1

(SDThresh=6, AMPThresh=0.5) X} 3k B RRARXT 2 51 RS S S AT 12 1,
1A 0.01~0.2 Hz 8 PR & 5 BRAE B A (APl O JIES S MRS SR8 .
THE 2 ANlIE HbO (8] 541 2 [A] 1) Pearson AHIC R r, 78 XCONHANIEIE 2 7] (¥ D) RE 1 2

(functional connectivity, FC) , r {HBK, AURPEE 2 8] FIAH R MG, K520 r E2E
1T Fisher ¥4k, (M Z AHR R IR0 A IFHEAT ¢ 5, SR ET IR KL (false discovery rate
- benjamini - hochberg method, FDR-BH %) #1E. H[FZE 547K A Mann-Whitney U £55:
R TR RRATAG 6, AR B R 0 5 S P<<0.05 (A BRI\ 2 A1 & Logistic [B1IH 73
7 RIABE S HH 2 TVEEE 2 (receiver operator characteristic curve, ROC) it
25N I Carea under the curve, AUC) \ REIE 557 B L 208 54 JF-EH] Hosmer-Lemeshow
LA R (Hosmer-Lemeshow Goodness-of-Fit Test) J6iFAE R AL . FTf Giit i3
P8 P<<0.05 1671,
25R
2.1 PAREMBR 5AREAB/ITED # B

AHEFILPN R 105 4], Hrp AR OBRERIE TS 1 6], BV vk 4 51555, POD
RAEIL 20 B, RJGRKEEZEHIL S0 B, Xt THALEH RIS RohnE 1. 2
fizs, HA ik R, RETEE A ASA 7% TAREALLL K IFEEIAA R SN 50
POD ] HAE (P<0.05) -

®1 WAREERBEHLE  [M (P, Prs),n (%), X£S]

Tab.1 Comparison of general information between two groups of patients [M (Pas, P75), n
(%), XS]

Variable Non-POD group POD group 12/ ¥ P value

(n=80) (n=20)

Age (years) 71 (65, 77) 72 (69, 86) 2.11 0.035




Female

SpO,

Pre-MAP

Pre-MMSE

BMI (kg/m?)

ASA
1
I

Education level
Illiteracy
Primary school
Middle school
College or higher

Operation sites
Knee joint
Hip joint

RBC

Hb

Alb

BUN

WBC

ALT

AST

Cr

Vasoactive agents
No

Yse

52 (65.00)
98 (97, 99)
100.07+11.46
25.0542.32

25.01+3.02

73 (91.30)

7 (8.80)

35 (43.80)
27 (33.80)
15 (18.80)

3 (3.80)

43 (53.80)

37 (46.30)
4.1440.44
122.66:+13.36
38.4743.04
6.1141.57
6.06 (5.02, 7.22)
16.00 (12.00, 21.00)
21.00 (18.00, 25.00)

52.00 (45.00, 59.00)

12 (85.70)

68 (80.00)

14 (70.00)
96 (95.50, 98.50)
102.1546.84
24.0041.73

23.1244.37

15 (75.00)

5 (25.00)

12 (60.00)
3 (15.00)
4 (20.00)

1 (5.00)

5 (25.00)

15 (75.00)
3.8840.47
118.69+14.28
35.7542.77
6.3042.06
6.82 (4.82, 7.46)
16.05 (11.50, 20.00)
21.50 (17.25, 24.75)

48.50 (39.00, 62.00)

3 (14.30)

17 (20.00)

-0.26

-1.94

-0.65

1.56

1.75

-3.13

-1.01

-2.00

1.97

0.99

-0.85

-0.39

-0.62

-0.57

-0.32

-1.13

-1.56

0.793

0.052

0.526

0.122

0.084

0.047

0.414

0.022

0.052

0.325

0.003

0.700

0.538

0.572

0.748

0.261

0.118




Adverse events
No
Yes
Propofol dose
Remifentanil dose
Total fluids
EBL
MAP-CV
IPH

Rescue analgesia

77 (85.60)

3 (30.00)
382.23+124.60
1621.01447.23
600 (500, 900)
100 (100, 200)

0.160.05

19 (23.75)

23 (28.75)

13 (14.40)

7 (70.00)
356.244103.34
1 551.32439.04
500 (500, 875)
100 (100, 175)

0.1420.06

4 (20.00)

6 (30.00)

-5.62

0.53

0.25

-0.43

-0.45

0.69

-0.34

-0.27

<0.001

0.651

0.213

0.666

0.653

0.200

0.632

0.563

SpOy: 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% .
R2 PHABERBERTILE  (X£s3)

Tab.2 Comparison of postoperative pain scores between two groups of patients (X *S)
Postopretive pain Non-POD group POD group t P value
Dayl-rseting pain 4,25+ .87 3.31H.44 1.74 0.085
Day1-MEP 6.2045.84 4.92+40).86 0.79 0.433
Day?2-rseting pain 2.45H .43 2.15H.14 0.72 0471
Day2-MEP 3.19+.47 3.31+1.03 -0.27 0.787
Day3-rseting pain 1.06+1.02 0.924.76 0.45 0.651
Day3-MEP 1.5540.97 1.2340.83 111 0.270

MEP: movement-evoked postoperative pain.
2.2 LML 5 LA

fNIRS ok 40V R B2 00 A 385 1) i X 24 o B 45 SR N 2 s 18] 2A. 2B 43510y POD
1 54E POD ZH A XU A5 T 43 3 () ~F S50 AH 26 R AR, AT 73 POD 04155



A FC M R%r {5 (0.069£0.118) KT POD 41 (0.073£0.084) . S35 4 i
18 Pearson FH% 28 r (EBEAT IEZAS 70 AT Z A8 e, B4 e HEAT « K30 145 H 1 P B 14T FDR
KIE, BIE G 15 H A5 040 2% SR 44 8ot j2 i — A5 W) 23z 5h 2 )2 (primary  somatosensory
cortex-primary motor cortex, RSL-RML) 1572 (U 1X — 47 il %k = f X (frontopolar

area-pars opercularis part of Broca's area, LFP-RBA44) HE. A5 R &M & X (¥ P<<0.05) .

Bl 2 PR o P 4% 43 Th R EE A

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 0; C: Differences between groups in the

actual channel, the red line indicates a connection with a significant difference (Padjusted<0.05 ).

2.3 BEXRTEHEARBE RE POD MEZERIT

DU k4 POD NAAZ &, RS1-RM1. LFP-RBA44 FiiEiE XK 2% r o NEALZE, ¥
Fl . ASA 2R, FIEEA L FARFALSG TR B NAE A PR AN Z KR Logistic [7])H
T, R RWNE 3, SRER, WEER. ASAHK. AEA. FARBMAIEEA R
N JF, RS1-RM1. LFP-RBA44 Wi MEiE i< R % r {52 POD HISEmiR & (P<<0.05) ,
RS1-RM1 5 LFP-RBAA4 PN & ) i 51 V- R BN 8, N — 3 YR J5 POD R4 R 3 .

2% 3,
R 3 ZHEEJC Logistic B354 R

Tab.3 Results of multivariate binary Logistic regression analysis

Variable L value 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 5.394

Alb (g/L) -0.617
Operation sites -0.747
Adverse events 5.357

0.289 (0.004,1.344)
0.569 (0.262,1.231)
0.924 (0.089,9.559)

0.102 (0.005,2.208)

0.131

0.181

0.638

0.146

2.4 RS1-RM1. LFP-RBA44 R E % r R EL&TANXT POD i) ROC HiZk 447

B 3 s, RS1-RM1 ) AUC=0.797 (95% Cl: 0.657, 0.937) , Z)&+8%N 0.564,
REBUE N 89.7%, KN 66.7%, i N 0.103; LFP-RBA44 [f] AUC=0.784 (95% Cl:
0.651, 0.917) , ZIEHE%CN 0519, REE N 76.9%, F557JE N 75%, HM{E ~-0.06; B
T 28 R T AL AUC=0.844 (95% Cl: 0.721, 0.967) . £ delong f: 4% Hb 4 3 FiE 7 f) ROC
2k 22 ik, F 3 oty 2 7 I LU AR B A TR0 i b 1R FI0I B ) 22 gt L (P
=0.873), BEA TN AR £ FR AR BRI A 225 $2 = Tl B8 /7 (P=0.610.0.521) - Hosmer-Lemeshow

FOLA DI A 56 5 SR S s S BN A 1D [ VA B TR 40 5 5 2 e (%=2.198. 6.842, P =0.974.

0.554) .

K 3 WEIE XEEA I ROC LR

Fig. 3 Two-channel and combined prediction ROC curve

3R



NIRS BEA T LA B A e i) G 1) B S Th R ], 3 AT 552 T 1RO I 2 8 v i o
SBIEE BRI, XS BRI PP, . T IR KT ROTAN S5 5 T A A I R
%ﬁ)‘([g]o

AW FE 1 R EARTE AR X — RIS 5CF, LU INIRS AT45 45 N I X D) R8I H KSR
I A VPG I REAE R AR, DA 0 ik 4% Th R RR () i IR FE AR 22 47 POD R $R ALV
TEMM AR FhrEY, WIMHES) INIRS By 2GR AL POD 3 i) & 240 B F
B, RAMEG R R LR BUR BRI E .

BEAE A W FUERTS INIRS & my 40t Ko 8 5 9N AN Th BE RS (1 0 25 L H, Baik et
allR & T B A INIRS WEMNABEEM Y, KIWEEINAES (mild cognitive
impairment, MCI) ZHA7 0 i AT 15 70 00 i AT FrO 8 5 588 2 300 S 3K T e IR ZEL KT, 4
I X T8 R 0% 4K P B TT B & MCL A AN Zhe 2 40 ) bR . kA, Katzorke et
allVR L MCT B FH EPATIE LB A MR (verbal fluency test, VFT) (L4538, Hal
RO O R AR LA A 2L SRS o 8 FH LA IMRIG 34 1O JIEF AR 1) 2 48 2% POD
BEATRFFC, RPL POD B RTINS JERMIL . s AT W24 A% Co i X 1) 4 b o i i
BEDRE T BRAR IR I S F MG X 44 3 B2 A R POD R 2L Rl R,

RS1-RM1 S5t B AL AU AR IR A . AR AR50 (1 A B DA S 7 ) B Ak ¥ B F 38 3l B0
SRRBMERIPAT, RS — 2 3B A . X — I AR T A5 1 e B BB HE AL
5 ) ST BRSO, [ BRF ER 095 8 IR 3 80 K A B PR ol 8 T R/ K 1 i ) e J2 v R
J, %R RS T A R MUS B RISk . LEP-RBA44 2 5 sl izhfiein TAELAZ.
POREE AN RN SUC LB G S 2 I0E ), HETE S A 15 S L DA AE 1 R
TEETRE. LFP-RBA44 DhAEEHIHEIER MmOl MThRe SiE S ThRe ki, BEESERZL
RERAASCIR . FEBEAL ) 202 SRR 5G h, TR G HITE R SRS 451 LA KBRS 5 rhA
ZLRGJRERIN . MR 55, Ak, RSI-RMI. LFP-RBA44 T HE3%E B2 FRAR LA
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