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Abstract

Objective: To investigate the optimal timing of tourniquet deflation in patients undergoing ortho-
pedic surgery under spinal anesthesia, and to analyze the mechanisms by which different deflation
strategies impact perioperative hemodynamic stability and postoperative cognitive function. Meth-
ods: This study included 120 patients who underwent unilateral lower limb orthopedic surgery (in-
cluding joint replacement, fracture reduction, and internal fixation) under spinal anesthesia in the
First Affiliated Hospital of Naval Medical University from January 2024 to June 2025. The patients,
with an ASA physical status class of I-II and aged 45-75 years, were randomly assigned into three
groups using a random number table method (n=40 each). In group A (Immediate Deflation), the
tourniquet was completely deflated immediately when the surgery was completed. In group B (De-
layed Deflation), the tourniquet remained inflated after surgery and was deflated 5 - 10 minutes
after wound closure was finished. In group C (Staged Deflation), the tourniquet pressure was first
reduced to the patient’s limb systolic blood pressure plus 50 mmHg after surgery, maintained for 5
minutes, and then completely deflated. The following parameters were recorded for all three groups:
mean arterial pressure (MAP), heart rate (HR), and central venous pressure (CVP) at baseline be-
fore deflation (T0), and at 5 (T1), 15 (T2), and 30 (T3) minutes after deflation. Cognitive function
was assessed using the Mini-Mental State Examination (MMSE) on the preoperative day 1, and post-
operative days 1, 3, and 7. Serum levels of inflammatory cytokines (IL-1p, IL-6, TNF-a) were meas-
ured preoperatively and 24 hours postoperatively. Besides, the incidence of postoperative cogni-
tive dysfunction (POCD) and adverse events such as hypotension and hyperkalemia were also rec-
orded. Results: In hemodynamic stability, the mean arterial pressure (MAP) of Group A (Immediate
Deflation Group) at time T1 showed a significant decrease compared to the baseline TO [(78.3 % 6.5)
mmHg vs. (92.5 + 7.2) mmHg], and the heart rate (HR) increased significantly [(98.6 + 8.3) bpm vs.
(76.2 + 6.8) bpm]. The magnitudes of these fluctuations were greater than those observed in Groups
B and C (P < 0.05). Meanwhile, patients in Group C (Staged Deflation Group) exhibited the smallest
fluctuations in MAP, HR, and central venous pressure (CVP) from T1 to T3, with all parameters re-
maining within safe ranges (P > 0.05). Regarding cognitive function, the Mini-Mental State Exami-
nation (MMSE) scores of Group A on postoperative day 1 and day 3 were significantly lower than
those of Groups B and C [(23.5 * 2.1) points vs. (26.3 * 1.8) points and (27.1 * 1.6) points, respec-
tively; P < 0.05]. The incidence of postoperative cognitive dysfunction (POCD) in Group A was 27.5%
(11/40), which was significantly higher than the 12.5% (5/40) in Group B and 7.5% (3/40) in Group
C (P< 0.05).In inflammatory cytokine levels, the serum concentrations of IL-1§, IL-6, and TNF-« at
24 hours after operation in Group A were significantly higher than those in Groups Band C[ (8.3
1.5) pg/mL vs. (5.7 + 1.2) pg/mL and (4.9 * 1.1) pg/mL, respectively; P< 0.05]. Regarding adverse
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events, the incidence of hypotension in Group A was 15.0% (6/40), significantly higher than the 5.0%
(2/40) in Group B and 2.5% (1/40) in Group C (P < 0.05). No severe hyperkalemia or neurological
injury occurred in any of the three groups. Conclusion: For patients undergoing orthopedic surgery
under anesthesia, the adoption of a staged tourniquet deflation protocol—where the cuff pressure
is first reduced to the limb’s systolic blood pressure plus 50 mmHg, followed by complete deflation
after a 5-minute interval—can effectively mitigate hemodynamic fluctuations, attenuate the release
of inflammatory cytokines, and reduce the incidence of postoperative cognitive dysfunction (POCD).
Thus, this protocol represents an optimal deflation strategy that balances safety and efficacy.

Keywords

Spinal Anesthesia, Orthopedic Surgery, Pneumatic Tourniquet, Timing of Deflation, Hemodynamic
Stability, Postoperative Cognitive Dysfunction (POCD)

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. B
SR IE LV R R R T AR R Lo B A, 388 i BELIRT O I 7 B3 TE A, D
AL G AR 1]. AE kA R 2 5 51 R BRI TR 0 . IR AL A BA S A
STy BB (POCDY S I RAE[2], He RN L I 56 PR 0 T [ D 8 R 6 2 — . TR 28 [ 20 S 2
B S BT 3, o 1k IO MR L T R B R AR PR A AR, 5 MR LR . Sk
HEAR R, EAb, b Bl T P R B A0 D (0 L6 TNF-or) P 3o I J0 5 B 52 i o
WRMHZEIHAE3], BN POCD MUK, JeiZ4EmE HNRE,

A 36 T L A O LI R TE G —hal, BRSO . AT IR MU S S 4 2 ROV i
SRR RIE, (AT AR B R AR P B e A TR SRR, 5 B8 PR o 21 3 e A 5 A 2
FEIR A TR I, E K JR A () T B I A SR . R L Y DY AR T R
FAR) 5, (LA L RS AR, R ERIR I R TR L4 BN [4], {E S R
B RS 5. BRI, ASE UL AR S B LR R R S AR Th R . JORE R N B T
ORI, T BB DR AN, I R A P R AR A 4

2. AREFZE
2.1. —iER

AW RIIEAT B K R A BB B NE R BT .. PINFRE: BTN B BRI E
oo RHEE-BITEALE 2 ) WS 45~75 &5 ASA I~ THEMAERAE; ARFT MMSE iF4> > 26
SrHEBRN AT RERRDS) . HEBRbR#E: PEEOMERRGRIILE 3 9 O3 S);  JE 30 ik BHL2E 15
BEPRIG R0 AL s BRI D RERRnG; FHEDhREA A RS0 0 52

LGN RS 120 6], BEALS N AL By C =4, 4140 1. A 45 22 6, L2 18 ], F#%(62.3+8.5)
%, KHE65.7+9.2) kg, FAREM: LW EH 156, FHrMEE 25 41; BAT 21 41, L 19 4, Fih(63.5
+7.8)%, KE64.9+8.7) kg, FARIA. A EW 14 4, FIrEE 266, C45% 23 #, & 174, 4
1#(61.8+9.1)%, 1AH(66.3+8.9)kg, FARKM: LA EH 16 6], HHMHEE 24 . —HEEZ—HRERL

ik

i

DOI: 10.12677/ns.2026.153063 22 EiRpL


https://doi.org/10.12677/ns.2026.153063
http://creativecommons.org/licenses/by/4.0/

h &%

FARBA L 2 RG24 (P > 0.05), B AT,
22. A&

2.2.1. FREES 1E A R A

F BB RATHE SRR, ANTFARZEF@s k@R, Wil ECG. MAP. HR. SpO:f CVP.
JRERVE: A MIEMY, L3-L4 MERIBRZER, RRINEEN 0.5% LR F 1.5~3 mL, J%ERREEFH 4 T10 LA
N[5]e ARy PE: MR M A A K ik B A S AL S S B R R TR AT ), Ay 5 R R () SR Sl LR 4 )
e, SPREE] T T ORBRAR S, WY . b IAy SRAUE ST MR E D BB . + 100~150 mmHg,
RFAIFE] <120 4380, #5575 (KU EFE 10 280 B RS [6].

2.2.2. SEHLFR

o AP RA): FARBAE AL ECEHE T EALUE R 5EEE), RIZI5E ROk M <k, i
SOH N 80 mmHg/s.

o B HCERMAH): FAREBESHRGYR LM R CRE, Gh84e b kR NHE, ffh D adlse
EBJE 5~10 438, SRRSO EER A 4H).

o CHOVIHRA): FAREALSHG, SeBBUbmy s %2 B4 s +50mmHg, 4847 5 08, W
DGR E 5 56 2R ORI AR S, BB T4 HIE 1 208 A .

o JEIRTHAEE: 103 TO RUART) T1 UG 5 0% T2 UG 15 20 8h) . T3 (UAUS 30 20580 MAP.
HR. CVP, HHE&EIRBEBNNEE (S TO ZH M ARME).

o NAITIRE: KA MMSE SR 30 /)i ARRET 1 K. ARJE 1R 3K 7 RIAZIThEE, HiTAG#H
XP o HARIG, POCD 2 Wibr#E: AR5 MMSE PP BORTHT R >2 7

o RAER T RATEARJG 24 /NEFRAESNEFIKL 5 mL, 2040 B 0L, KA ELISA R IL-1p. IL-
6+ TNF-o KFORFIEN B LR RHH A TR A ).

o ARFM: CFEEARMCMEMAPMmHg). S8 MLAEMLE > 5.5 mmol/L). #4545 (R 5 BAKBEA
WL B ) 55 R A L

223 HEEHHE

AW AR G N AT RE B 5 (POCD) & A2 N T B 45 R Fabn i AT REAR Rl . S5 i I PR 96 45 3L,

JEMR T B B B3 BB U 4L(A 41) POCD KA 3 2975 30%, 43 0 4L(C 2H) POCD K AEZ 214 8%

PER IR K YE a=0.05 GBI, K52 EE Power = 0.80, RGN & OR =4.83 (MRIEM AL KA RiHHESH), K

Fi PASS 15.0 AT REARRAG S, AT 37 Gl EE . HEBITF LR el GE I BLTE . SIBRTE

B, % 10% LB INFEAR &, e RELHGIN 40 B, = ZH 3k 120 ]

23. GHFER*

KH SPSS22.0 BMAFHEAT Bt 7 i THE BRI AR = dRiEZE(x £s)%om, AN BRI ERNET
Z M, ARCECR AR R T 200 tHERR LR (%) Ros,  TRBCRH 1t . P<0.05 B4

3. &R
3.1. S4B HEATHEET K

=4 H5 TO B Z] MAP. HR. CVP LA ZER LS E (P > 0.05). JHE, A4 T1 B % MAP
BN, HR BEW, WaEEHRKA, 5B, CHARKESBASIF=E X (P<0.05); B4 TI~T2 K

DOI: 10.12677/ns.2026.153063 23 B


https://doi.org/10.12677/ns.2026.153063

M &

Z| MAP. HR {5 —E W5, EEE/NT A 4; C A& A MAP. HR. CVP Wa°F4%, 4E4FdE EH
JaFlE TO L gt & (P > 0.05). W% 1.

Table 1. Comparison of circulatory function indexes at different time points between the three groups (x + s)
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Table 3. Comparison of inflammatory factor levels before and 24 hours after surgery in the three groups (pg/mL, x + s)
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