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(P<0.05), MAEFREF IR REH2REAREFH 3RKDRS-R-987F 45 1L48 , 2T LM ZRiT 495 £ 5
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(Department of Anesthesiology, Wuhan Fourth Hospital, Wuhan, Hubei 430033, China)

Abstract: Objective To evaluate the effects of selective brain cooling on postoperative blood-brain barrier
dysfunction and delirium in the elderly patients undergoing spinal fixation surgery. Methods A total of 126 patients
undergoing spinal fixation surgery under combined intravenous-inhalational anesthesia in our hospital from May
2022 to July 2023 were selected, and they were divided into the selective brain cooling group (group SBC) and the
control group (group C) by simple randomization. Warming was maintained using the fluid warmers combined with
the warming blankets until the end of the operation in both groups. In the SBC group, selective brain cooling was
performed through electronic ice caps with a set temperature of 4 °C . Nasopharynx temperature and rectal
temperature were recorded before anesthesia induction (T,), 30 min (T,), 60 min (T,), 90 min (T,), 120 min (T,), and
150 min (T,) after anesthesia induction, at the end of the operation (T,) and when leaving the post-anesthesia care
unit (PACU) (T,). Blood samples were collected via the median cubital vein at T,, brain microvascular endothelial
cells (BMECs) were isolated and identified by immunomagnetic beads, and the target cells were counted under
fluorescence microscope. The concentrations of C-reactive protein (CRP) and S100p in peripheral blood were
measured by rate nephelometry and enzyme-linked immunosorbent assay respectively 1 day before surgery, and 1
day and 3 days after surgery. Both 3D-CAM and DRS-R-98 scales were used to assess the incidence of postoperative
delirium (POD) in patients 1 day to 3 days after surgery. Results There was no difference in sex composition, age,
body weight, degree of education, percentages of history of hypertension, cardiac diseases and diabetes mellitus, the
percentage of ASA grade III, incidence of intraoperative hypotension, operative duration, volume of infused fluids,
blood loss volume, volume of autotransfusion, or the usage rate of conventional antibiotics as analyzed by chi-square
or t test (P > 0.05). The count of BMECs in venous blood and the incidence of POD in the SBC group were lower
than those in the C group at T, (P < 0.05). The time to tracheal extubation, thermal comfort scores, duration of PACU
stay, length of hospital stay, Quality of Recovery-40 Questionnaire (QoR-40) scores, and incidences of chills during
PACU stay, postoperative agitation, and postoperative fever were not different between the two groups as analyzed
by chi-square or ¢ test (P > 0.05). The rectal temperature at T, to T, between the SBC group and the C group was
compared via the repeated measures analysis of variance, and the results revealed that comparison of rectal
temperature at different time points showed a statistically significant difference (P < 0.05), comparison of rectal
temperature between the SBC group and the C group showed a statistically significant difference (P < 0.05), and that
comparison of the change trends of rectal temperature between the SBC group and the C group showed a statistically
significant difference (P < 0.05). The serum concentrations of CRP and S100B in the SBC group and the C group
before, 1 d after and 3 d after surgery were compared, which showed that they were different among the time points
(P < 0.05) and between the groups (P < 0.05), and that the change trends of the serum concentrations of CRP and
S100B were different between the groups (P < 0.05). The DRS-R-98 scores were compared between the SBC group
and the C group at 1 d, 2 d and 3 d after surgery, and the results demonstrated that they were different among the
time points (P < 0.05) and between the groups (P < 0.05), and that the change trends of DRS-R-98 scores were
different between the SBC group and the C group (P < 0.05). The overall incidence of POD in the SBC group was
lower than that in the C group (P < 0.05). Conclusions Selective brain cooling can lower the brain temperature
locally in a safe manner, maintain the stability of the blood-brain barrier structure and function, and reduce the risk
of POD in elderly patients undergoing spinal fixation surgery.

Keywords: postoperative delirium; selective brain cooling; brain microvascular endothelial cells; blood brain
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A J5 1 % (postoperative delirium, POD ) J& IIfi R H ANEBE A [ G 2 AR R POD Y & A AU 388, X mT
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R, A Pl IRFEE RSN BE AR AR R AR IR B ) R B 2 A R

PE BB IR AT BB POD & A= | & Ji i J SEAL ) 2 —1,
A WFFE 7, B AR Jas B it B2 A3 1) 1 24 7 BBB 25
Dy fe e %, /> BBB Gl P, P, 38 456 i A
(selective brain cooling, SBC.) nJ GEFEAK & POD 1 &
Az U ASBIE ST AN SBC TE 2 A AL SR
[ 2 £ v 0 022 AV DT 4R SBC X B8 35 1
AR IY] BBB Ty fiE S POD % A= AU 149 52 1) , Ay i PR 42 {1t
2%,

1 RS

— i E
PEHL 2022 4F 5 1 —2023 4F 7 A £E i A T
P Bt 0 W A2 A A SRR T AT FE A RL Y 1 R Y
126 B, SR fR] B BEAIL Ak 43 2 6 B 4 o i
PEVE I U 4 (SBC 4 ) Fnxt BRZH . g A b i« D4R
1% > 65 %, 3 [E BRI Uil JF 25 (American Society of
Anesthesiologists, ASA) 732 A 1 ~ M4 ; QHKES
HWF5E B MG R A A5 A R MR AR 2K Ohe
Wit op SC, FHE BE Al > 7 d, BT A B 8] 7 2 ~
6 ho HEBRBRHE : DG I ™ 5B 28 FORS # 90  An
PIARAE BT 2% V3 BRI A 4% 5 M 1 1L I 388 45 5 @045
Fofr s R JE v BC B 8 A4S 6 2 00 DA s O RE A AT TR
B S ol H RS AR 25 W s s DAFFE R Y N E
ANIE A AN AR O . 5B FRE : QA BT AE AR IR
(<36.5 C) sl IRTHE (537.5 C) s QAR ETZ A 5 &
HETF £ B 2 (mini—mental state examination, MMSE ) 7
i & B C AL NN D) RE B A @A G KA U1 H gy
G E I RAE , T B IR FARIGIT ;s @A He 2R AL
B ARGV o AT 4B Bt BE 24 A0 P2 5L 4%
HEUE (No : KY2021-0031-01)
1.2 WAL

FARYK, BHAE G5 — Rk
(RIINT 250 I8 BB ARG BR A A, B5  MT-T7F)
Tk W B B R R TR . BREEE G O 5 bRk
£ 0.05 ~ 1.00 mgrkg . N A M3 1.5 ~ 2.5 mg/kg . & 75
KJE 04 ~ 0.6 wokg F1 2 A B iy )% 4% 0.15 ~
0.20 mg/kg ; iR I AE 47 7 58 ¢ fUi R RR AL 5 T i JF K
JE 0.2 pg/(kg-min) . NI 4 mg/ (kg min) 4 i
i e ity e 4 2.0 e/ (kg min) , BR G WA 1% ~ 3% &
LB . MR BIS E V8 4 L HUEE AR B dEREAR
BIS {EL 7E 40 ~ 60 [i] W7 W5 I 3 ik 1 <, AR 4 25 5L 9

1.1

BN ALSH, A B AR B i ) . R R
S A P KR AL T BF O R JE 2.0 pe/kg W T
100 mL ZB #hK i, 3 550 4 0.5 ml/h, wfd 55 5 4
YK 2.0 mL, 81 %E B 6] 15 min, 17 AR J5 4855 48 h.
1.3 FEEEAR

FARENIVIRE N 21 ~ 25 °C, TSR 18
H30% ~ 60% . W 2H f835 AR AR F B P i it 4 v
A (O Ll T ARV BT A R A AL FT2800) H
IO 0 Al SR B I R AR 37 G AL
HRH R IRy 38 C YA RN EE (b s Je 4
WWEITRHHE A RA A, S . warm6100) HEFT RN
BEHZEFARLER, SBCHABERHATILEE N4 C
(14 L - VKR (I p 48 A2 EC S A BR A ) A 77, A5
YZK-1076) i#17 SBC H & T AR 45 ) (UK iE 4 8 — 2
A LA BT 1k 22 fish Bz R A 440 ) o
1.4 WHERIERR
141 BEFARBME  CRRE RIS SRT(T,) .
JBR B35 5 J5 30 min (T,) . 60 min (T,) .90 min (T,) .
120 min (T,) . 150 min (T,) . FARZEHREF (T,) | H R
P & % (postanesthesia care unit, PACU ) B (T, £ 1 i
AL o
142 WEARTA IRSREBE N R RE S
PR BE e I 7 5 0 IR B OWE PR B L ASA 43
P AR PRI T ARRFSLI A] R R i
(NN =N SR TN TR /R RN RV TR e 2 W
BF i W B i & N % 40 M (brain microvascular
endothelial cells, BMECs ) 71 %% . A48 $& %& Jr 75 1 ] |
PRET I8 BEIE 4 L PACU iy B4 B (8] LS4 B i 1] AR S
PR 52 5t i 1 e (quality of recovery—40 questionnaire,
QoR-40) V43 \PACU € Bii \ R J5 3 . R J5 & .
POD 15 I o
143 SMR S b R e it A FE T R
AR SR I T v i bk IR SR 95 1 R W R O3
TF I BE TR BMECs, 78 2¢ )6 1 3 Bt T Wi %% 5
CD146'/S1008* (i bric 9 ) 10 1A 3k 76 40 M i |, 2%
o 2200, DAPLOZH I AZ AR IC 9 ) Bo A % 35 76 40 e %
L PO A R A, [RIET HAT CD1467/S1008* \DAPI
OGN 25, nT ) R Sy H G 4t
(fE ER . Mfsd2 BT f& . CD146 Hit 1A 24 1l F 32 [ Sigma
NEID

144 SPEARCREEGRE  BENMNT AR
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Ld ARJE T d BARJE 3 d R AN IE A ke, Rk
FRCRE v (ZE [ P4 1] 7 e 28\, 25 . BN2) T 5
C [ 35 1 ( C-reactive protein, CRP ) ¥ & .
145 MR SI00B E Gk E  BEFES T ARA
Ld RJE 1 d BRSE 3 d R AR IE b ik i A, >R
Tit 35 9 W T X 30 A 00 5] 6 0 1 JEE A 0 Rk
A R TTEAE B85 : ELK2612) M 32 S1008 1M
1.5 PODHJIZHi TR

AEFRET 1 d iy B4 Ll % 5 pl 28 U RL R il
TEI7 b3 K 1] MMSE fit 2 9 A5 J2 757 A7 75 AR D) g i
5,150 < 23 7r B E IR A . FARFEH 1~3
K, ] — 7 A 28 N B 2 Uil ] s 0 1 3 20 %212
W7 & % (3—minute diagnostic interview for CAM—defined
delirium, 3D-CAM ) FllifE % Al 5 K -98 1B 1T i & &
(delirium rating scale—revised—98, DRS-R-98) £ 9: 00
12100 Xt (8 H BEAT AL, AT 1 3D-CAM PP 53
o B 2% DRS-R-98 it £ 173> 18 /™ H 7 J
PEIP= 1550 W2 Wi POD.
1.6 #HAENITE

EHE RO R A R WoR, R SBC Y HESH
PPN T G2 B8 AR AR D RE R i3 1 R AR 16%
HORLIR T B B RS N T AR R A Y R A R

449", K5 IZHERE AR PRV FEREA B Al 35 b i P
H oA F B B K A A nl=n2
l( Mo s,
2 sin*l«/P;l - sirfl,\/F2
AR 7 48 UL 4 5/ MR A (0 o 4540 5149
17 geteEis

BOHE 53 A7 2R 1 SPSS 21.0 e b 81k o TR Bk
DARIEL + bRiE2E (x £ ) 0%, LUBCH o K 30l 8 5
BRI 20T o TGO UM B L ER (% ) 3R
7N, R KGR . P<0.05 2557348 Giit2aad Lo

¥, & a =0.05, B=0.10,

2 4R
21 RABEWIBRARWER
e & 5E A T L 102 41, SBC 40 51 491], X FR 2

S T 2H S5 A PR SRS AR IS R SO B L
1] v 1 g Sk 3RO M B 30 OB DR R 3 L ASA
SR G AR PR LT T AR5 2 i ) 9o
ZN (1% AN E R NN = S N TR /K A S E 53
xR, ZFH LRI E X (P>0.05) . I
K11,
2.2 THBEYMMIERILE

P 20 B T, B bk Il BMECs $1-%% . T, B POD %

126 1 B F PN ABIFS
7R R
> 5091 K 7 T g R
285 I A R R

v

119 il i 25 T SRR AL 2 41

Vo
SBCZH . 59 1] C UL 601
it 2 i 4151 i1 61
FARME >6h 344 FAMHE] > 6 h 14
PR R FRFAR 16 FARMFE] <2 h 21
v

102 BB AT SE 240
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%516 1) AR, A BBV IR G AR AME P [ AR AT R RS IR B B R 2 & AR IR
F1 WAEBRE—MAERILE (n=51)
. B/ SRR i/ (kg/m®, SCFRFE R (R LR S S 52 WEDRR
. il Y+s) T+s) e R AL ) /6] /% K% /%
SBC 41 29/22 70.2 + 4.0 23.1+3.0 27/24 43.1 21.6 29.4
X HEZH 2526 70.7 4.7 23.7+29 29/22 37.3 23.5 25.5
'/ Hl 0.624 0.579 1.027 0.624 0.364 0.056 0.195
PH 0.430 0.564 0.307 0.430 0.547 0.814 0.659
5 ASA 32 1M A A 1fiL R/ FARFFENE) iR/ (mL/min,  ZRI05E/(mL/min, BRI S, PR 2
. W% (K, xxs) (min, x + 5) x+s) x+s) (mL, x+5) /%
SBC 4] 333 25+13 252 + 68 154+29 1.95+0.85 185.94 + 18.30 745
X FRZH 353 24115 260 + 71 15.1+25 1.85+0.83 190.75 + 19.28 70.6
X/ 0.043 0.360 0.581 0.560 0.601 1.292 0.195
P 0.836 0.720 0.563 0.577 0.549 0.199 0.659
PR, St xR, 25 A G 2EE L (P<0.05), 2.3 WHEBEARREE SRR

SBC U (KTt BRAL . W4 R 3 T, I S 348 s
I ) BT 38 B2 43 L PACU i B8 I ) L A A B ) 1
QoR-40 7743 \PACU FEBI 4 AR J5 BR 2% AR5 K #H
R, &/, ZFHERITFELP>

0.05), WFE2FE 2,

PR E T, ~ T, AT IR L 4%, 20 3 2 0 i i
7 22 50, 4 S - DS [R) s I A0 T I e g, 22 57
H Gt X (F=8.790, P=0.000) ; @ Wi £H & % N1k
P, 22 54 go it 278 L (F =6.251, P =0.000) ; @
HRA ARG R, ZR AR E X (F=

F2 WHBEMNERERE (n=51)
205 T i BMECs THEU/(AYmL, x+£5)  SEREITHRE/ (min, x+s)  PACUSENIR/%  #EFEE/(Gr, xxs) RFEEHHR/%
SBC 4 20.0 +7.0 147 +3.1 13.7(7/51) 34x1.0 15.7(8/51)
it HA L 23.0+7.0 14933 11.8(6/51) 33x1.0 17.6(9/51)
1/ 8 2.164 0316 0.087 0.505 0.070
PAH 0.033 0.753 0.768 0.615 0.792
215 PACU % B I7]/ (min, x + s) RIG EIHRI% BAEBERE/(d, x+5)  QoR—401F43 (43, x £ 5) T, i POD /%
SBC 4 346 23.5(12/51) 13320 161+ 12 13.7(7/51)
Xt HRZH 35+7 19.6(10/51) 13+1.9 160+ 14 33.3(17/51)
1/ E 0.775 0.230 0.777 0.387 5.395
P 0.440 0.632 0.439 0.699 0.020

CD146%/S100B 4L {2,

2 BMECs¥t iR

DAPLY {2,
L3k /R BMECs 5 407k R 4R H

PRI IR &) R o

( x200)
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8.783,P=0.000)., L33,

2.4 WHHABEKFIESIMECRP.S1008 KELLE
P ARET ARG 1 d.RJS 3 d i CRP.,

S1008 ¥ B b #5 , 28 8 2 M B 1T 10 77 25 40 07, 45

Fe s DA [F B[] 5 1L %5 CRP . S100B ¥ JF 4%, 22 5

WA g4t 2% 5 X (F =6.592 . 11.395, ] P =0.000) ;
QW4 i & IlL7 CRP . S100B ¥ ¥ L #e, 22 79 4
P25 L (F =6.962 ,10.663 , 1 P =0.000) ; @) H 20
MG CRP (S1008 ¥ B AR Ak a3 b 42, 22 R A 4t
P12 X (F =5.402.8.620, 34 P=0.000) ., W34,

%3 WAHAEEFEMESAELE (n=51,C, x+s)
ikl {8 T, , , T, T, T, T,
SBC4l 37.0+0.1 36.8=0.1Y 365:0.1%? 363=0292% 362x0.17 @
YTHE 37.0+£0.1 36.8+0.17 367027 36.4+0272% 362x0.2°

Q5T L, P<0.05; @5 T, L, P<0.05; @5 T, L, P<0.05; @5 T, K, P<0.05; ©5 T, K, P<0.05; ©5T,.T, K, P<

0.05,
R4 WAERERERESMECRP.S100BKELLE (n=51,x+s)
- CRP/(mg/dL) S100B/(pg/mlL.)
: AR ARFE1d ARIFE3d ART ARE1d ARIFE3d
SBC 41 2.52+£2.61 2234 +10.997 35.83 = 19.0072 74.43 +30.18 271.75 + 88.75% 199.78 + 43.3302
poyit| 2.40 £2.49 21.20 + 11.327 34.00 + 17.347? 72.74 + 28.45 305.34 + 80.34% 215.34 £ 55.2672
T O5AR[HE, P<0.05; @5ARN 1 d H#, P<0.05,
25 WHEBEAREAEMELDRS-R-981 T4 3 itip

PR ERGE 1R ARFHE2RERFFEIR
DRS-R-98 P-4 b4, 28 85 &2 M e 1T O 22 43 #r
25 B O[] I 6] 579 DRS-R-98 PE43 Lb 4%, 2 5 f
i it X (F=5.437, P =0.000) ; @ W20 # 3% DRS-
R-98 P43 L%, 22 S A it 2% 3 L (F =6.095, P =
0.000) ; @ 2H % DRS-R-98 143725 1k i 3 [ %5
ERAEGI B XL (F=6.327,P=0.000)., WL%ES,

xR5 MWMAHAREARRER S DRS-R-981F4HILLEL

(n=51,x+s)
25 ENEEAPS RIEH 2R P NEE KPS
SBC 4 14.28 + 1.66 14.08 + 1.567 14.35 £ 1.6202
Ko R 2H 15.55+1.96 16.78 + 1.687 16.24 £2.077?

H o OFRGHE 1 RILE, P<0.05; Q5 RGH 2 KILE, P<
0.05.
2.6 WHEEARFPODREZERLEE
SBC 41 5 %F B 41 POD i & 4 R, & x° K
5, 2R A5 X (*=5.395, P =0.020) ,SBC 41
RTFXIREdL . Wk e,

X6 WHEBEARBPODKXRERLLE [n=51, #(%)]

20 541 REFIR REH2R REHIR Mt
SBC4H 1(2.0) 2(3.9) 4(7.8) 7(13.7)
X IR 2R 4(7.8) 4(7.8) 9(17.6) 17(33.3)

5 RS 0 B4 16 2013 45 HE Y (10065 w512
Wr 5 48 i+ F- M55 5 B (diagnostic and statistical manual
of mental disorders, fifth edition, DSM-5)"R & , 15% ~
53% ZAE B H B POD . AWM E R BN, RJF3d
W, PR 3T 24491 (23.5%) #1280 POD , iX
55 DSM-5 #f 18 ) 4% 8 55 POD & AR AH AL, 1 ok
SBC Y FEAMRE N [ 1 52 POD 1 & Az XU B A1
Foxt B4 (13.7% VS 33.3%) , 3% 5 41 it 85 5O 3
()45 AR AL, HLAHF 5% & 1L SBC e W i U035 22 4 4= i
AT E AT B EE

AR S5 R, SBC 23 W i i1 28 55 R T 75
S JERR T R Y RS, 330 SBC R E TEIR I
J& BRI (15 h ) MR 24 B S AT 0 B, X AT
B TAE MR T B RS — B AR N, 4 B RIS T
PR TR B IR S5, R B R L 5K A0 K
TR B AP T SBC R T A EAR IR Y 2 2%, I
SR [15 7 S B N S N D G e S N [
LA R B S B B ARV SN IR 2k )7 F i
BEMRR G 8. AOFESR BR, SBC
XF HAE R 5 1.5 hS AR TR A W i 52,
AN B BB A O I I IR) \PACU i B i [] | B AT
BE B5F [, S 25 36 0 H 2 PACU 28 B 2% A8 5% T R
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R, A Pl IRFEE RSN BE AR AR R AR IR B ) R B 2 A R

RARE R Az B AN 43 AR R 3 FAET 1 FE R QoR—40 3T
4%, P, ASBIFFEIE B SBC AT L2 42 4 55 b A AR /5 7Y
B, FLR 2 6f B A0 ML AR B S X
POLI 55" 58 45 S AR B, & 30 SBC fig i W]t [ 41K
G A £ PR, LG AR A O AR TR TG B R
ZEINER 25" 53 Al 45 7 X0 Jili &2 95 I 1 78 35 4l
SBC HL AR B LA .

CRP /& — Pl M 90 E S W 8 1, 91 Ol e |
B AR 0 A2 W 2 bR )z R T I R
BBB J& fiii P9 /1 BMECs 5% Jis¢ 5 41 e Ji 40 i L 36 iC
IR B B 5 3 0 A A AR R S %) A 3B e, L AT DR Ok
SN JEVAIE P T i PN A0 VR P28 BE ) BT L S I 4
I JELAA THE N HRORX o 2 R DR 1 T R B A S R
+ 43 B E A /E Y, PARFENOVA 25278 55 i %
PR Y By A1 i ot v S 00+ 2% 3K i A o B R S
26 W e a1 -1 DY B AR BRI R R =
3 BMECs B 7% , BMECs A fiig 2 i i 457 453 47 1) - i A
Y. POURCYROUS 26238 1+ 3t =X 40 Al 4G I 57 AR
KB, BMECs 7K - 78 i A L3 S8R5 P HY it 25 A 1f
A S S B T S . HUANG 48P 58 k3R
BMECs 7E 1§ ¥ /1 i 7K S 1 T+ 7T LLAE A BBB #6475 1
AR R, HL I 2 KT A R R S e Y B
R ANB B . S1008 2 1 & — Fl 78 I 5 40 i
g B A 45 A BR 1, 78 4 I 5 40 i o e i
M2 R GEP R A AR, S1008 2 1 AT
FHAE BBB Ty fig 4 0 (0 m s 4, IR o HL2 —Fhn] H 52
51 (%) BBB 25 44 vl HH %) 2 110, LA {4 il v
) B AR E AR S AR A3 P A I XL i
g ik i DL K AR JE IR0 T R R A S LR K
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