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Study on the application of multimodal analgesia combined with goal-directed fluid

therapy based on ERAS in orthopedic robot-assisted pedicle internal fixation
HU Dandan' ,YUAN Guanghua' ,DING Ying' .CHEN Jie',ZONG Lin**
(1. Department of Anesthesiology s Huai’an 82 Hospital  Huai’an ,Jiangsu 223000,China ;
2. Department o f Anesthesiology »Jinling Hospital Affiliated to Medical School of
Nanjing University s Nanjing s Jiangsu 210000,China)

[Abstract] Objective To explore the application effect of multimodal analgesia combined with goal-di-
rected fluid therapy based on enhanced recovery after surgery (ERAS) in the anesthesia management of pa-
tients undergoing orthopedic robot-assisted pedicle internal fixation. Methods Eighty patients with lumbar
fractures who underwent robot-assisted surgery in Huai’an 82 Hospital from February 2024 to February 2025
were selected as the research objects and divided into the ERAS group and the control group according to the
random number table method, with 40 cases in each group. The ERAS group received multimodal analgesia
combined with goal-directed fluid therapy based on ERAS, while the control group adopted the traditional an-
esthesia protocol. The hemodynamic indicators [heart rate,mean arterial pressure (MAP) ] before the start of
anesthesia (T,),immediately before the operation (T,),at the end of the operation (T,),and at the time of
postoperative recovery (T,) ,as well as the IL-6 levels at T, ,24 hours after the operation (T,),48 hours after
the operation (T;),and 72 hours after the operation (T;) were compared between the two groups. Recorded

the postoperative recovery time, visual analogue scale (VAS) score,incidence of complications and hospital
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stay,as well as perioperative infusion management parameters [ total infusion volume, positive fluid balance
volume,the compliance rate of stroke volume variation (SVV),etc. ]. Results Compared with the control
group,the proportion of MAP fluctuations <<410% (87.5% ws. 62.5%) ,and the proportion of basal heart
rate increase <<20% (95.0% ws. 70.0%) in the ERAS group were higher than those in the control group
(P<<0.05). At T, ,the I1L-6 levels in both groups were the highest,while the I1.-6 levels from T, to T in the
ERAS group were lower than those in the control group (P <C0. 05). Compared with control group, wake
times [ (18.5=+3. 2)min vs. (25.1%+4.5)min],bed time for the first time [ (8.2+2. 1)h vs. (20.5+4.3)h],
the length of time [(4.241.1)d ws. (6.5=£1.3)d] in the ERAS group were shorter, 24-hour resting VAS
score (2.140.6 vs.3.8£0.9) and the incidence of complications (20. 0% ws. 57.5%) were lower, the total
infusion volume [ (1 8504+220)mL ws. (2 550=310)mL |, the amount of colloid solution [ (620+95)mL ws.
(850+120)ml],and the positive balance volume of liquid [ (320+90)mL ws. (1 120£210)mL ] were less,the
intraoperative urine volume [ (0.55+0.08)mL » kg ' « h ' ws. (0.30+£0.10)mL » kg '
differences were statistically significant (P <C0. 05). The compliance rate of SVV in the ERAS group was
95. 0% (38/40). Conclusion Multimodal analgesia combined with goal-directed fluid therapy based on ERAS

can effectively stabilize the perioperative physiological state of patients undergoing robot-assisted spinal sur-

« h '] was more,the

gery,accelerate postoperative functional recovery and reduce complications.
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x1 WE—MR TR LB

ERAS 4 Xf 40

H (n=140) (n=40) X P
B/ % (n/n) 22/18 19/21 0.219 0,624
PR (r+s, %) 54.30+12.81 56.17+11.58 0.013  0.537
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0 K L 2 T 0 e W B W A A AR R L RO R K
T S TR IO ok e T VR T AR 2 B Ay A BR
A E S H20031037)0. 2 mg/kg &P 25 K CHLE
AN 2500 A BR B¢ AT 2 |l it fE S5 [/ 2 i
H20054171)0. 5 pg/kg HKFE WK FR 75 B AL 24 M i £y
AR A SCS - B 25 S H32022999)0. 3 mg/
kg M FEIREE 0. 6 mg/kg (W VTAILIE B 25 B4 A FR 2
AL ST S [ 25 M H20123188) , A S )5 %
R BEHLAT AL S .

ERAS 4 % 3 T ERAS iy 2 A BUE B A& H
PSR AARIRYT . (1D 280 . R ET 20 min 2R A
MR 3T R L A B AR EE A 0. 250%0 19
LR B R N B 20 mL s A P Ik U B 2T KR
(0.1~0.2 pg » kg ' » min DS A EFEKE (0.5
pg e+ kg ' e min ) AREEHT 30 min # Bk 00 5
AEN 40 mg; AR5 R B E A # # DKEUR 2 (BF 28 K
JE 1.5 pg/kg HFEIE Al 3 10 me, 5 & 2 mL/h,
BAYRIB N 0.5 mL, 8 E A 15 min), (2) Hin S
[ ARIEIT 8 3T FloTrac £ & %% (3£ [E Edwards Li-
fesciences 2> #]) Wi I 4 4 & 728 7 FF (stroke volume
variation, SVV) , 4k SVV<T13% , fi B CRLIR AR A%
O 5 AR R HETER 130/0. DKL 2+ 1 %
HLgEFFARPIRE =05 mL « kg™ » min~', () F
WIS SHRE T 0. REFSIRE bR HEL A 30K
B OEERE 4 A BER N (train-of-four, TOF) {H =
0. 9BV ZIRE s ARG 2 h IR IR EEEES . RJ5 4 h
FVFDROK ARG 6 h BhEh AR ST,

X HEZH SR AR e R 7 48 . R v B0 A48
Jok g T 4% 25 K8 (0. 3~1. 0 pg/kg) » A St AE 4] [X 5§
BELT s AR HE 3R %5 b5 i 5 ERAS 41— 80 R J5 2R 1 #5 k
HUMAE SRR 15 pg/kg+ LI I5HEE 100 mg) 5
HIATFHAA T (10 mL » kg '« h DZIM 2+ 10k
FEUEE) i 1 O AR VR L R MR A VB 5 IS PR W (3% & ik
¥ 130/0. 4) s RJF 24 h JFIE HEE 4.
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BIZ (T ) ARG/ (T, ARG IR R (T,) B0 %
HISE35 3 Bk s (mean arterial pressure, MAP), i} %
MAP 3% 50 1% B (AMAP = 52 {8 — JE Rl 8/ 3 7l {E X<
100%), (D1L-6:F T, . KRJ5 24 h(T,). RJ5 48 h
(T ARJG 72 h(To) RAEFPKIM 3 mL, R H ELISA
BRI 11L-6 KGR & A 95 F R&.D Systems 2y
A . ) FREFE bR 0 # A S I8 BE B ] OR 56 2= 98 4
BFIE]) (AR JE 24 h B EUR A 058 45 f & 32 (visual ana-
logue scale, VAS)TE4> (0~10 43) . B IR T BRI [E] X
EBERTE], (DI RIER AR . SF ARG 48 h M
ORI il R e AR i (MAP<C65 mmHg FF4E 5
min) ZER, (5) BT AR WA WA #L4E A5 . R rh i
At R DE P R PR L SVV s AR R, o
SVV ik br# g Xk SVV<T13% By fa] 5 b . B AR
AR W SVV ., BTG IR bR A .
1.3 %itgam

K H SPSS26. 0 B4 #E 47 Bl 43 # » 3 5 95K} LA
T s Fon L HWEBCR ¢ K50 8 22 40 s U RL LA
BIECE T 3 R n s FR R X K 56 5 Fisher 1 1)
WER L s Z2 02k 0] I 43 B AH OGP, L P<<0. 05 Ry 22
SHESIHE L,
2 % R
2.1 WUAhRHANFHAFE

T,~T, i} ERAS 40> % MAP /K 1k F X} i
H, ERAGHFE L (P<<0.05), 1% 2, ERASH
MAP 3 8h<<410% 19 Lt 7 T X5 BA1[87. 5% (35/
40) ws. 62. 5% (25/40) ], ZRAFITEBE X (X =
6.120,P=0.012); ERAS H.0> RIGIF<<20% £ alE
Ee ] =5 F X B4 [95. 096 (38/40) ws. 70. 0% (28/
40) |, ZRA G E X (X =8.570,P=0.003),
2.2 W IL-6 KFrbik

T, B AH 1L-6 KFf&E. T, ~T, i ERAS #H
IL-6 7K AR T X BB 4 (P <<0. 05), W3 3. £ oLk
(0] 9 4 B 465 SR S 7R L TL-6 7K - 15 R v i 4 1 S A o
EAMZE(P=0.002),

x2 WAMRE HFHERILE (2 L)

BRE| n T, T, T, T,
L F (K /min)
ERAS 2 40 72.3%6.5 75.1+7.2° 80.5+8. 1" 78.8+6.9"
Xt e 2] 40 73.8+7.1 82.6+8.9 88.449.7 85.3+8.3
MAP(mmHg)
ERAS 4 40 85.6+7.2 88.9+6. 8" 90.2+7.1° 87.5+6.5"
Xf JE 20 40 86.1+£6.9 94,3+8.7 98.2+9.4 93.6+8.1

"2 P<C0. 05, 5[0 B4 HO AR 5 T A 4k T 28 23 Bt s 2 ) <R ] 32 EAR P <C0. 001,

2.3 MWEE AR E

Ex B 4H L, ERAS 41 75 B 6] L 1 kT PR I
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B AEBEWF A B, 24 h # 8 VAS Bk, 2R A
Giit 2B (P <C0.05), W& 4, Wy 245 1 1
NS IL-6 KP4 5 10 pg/mL, B YR PRI [H] 48 3R
1.2 h(P=0.013),
2.4 WMUFEmEEAFAREK

ERAS H I & it & A A% T X A1 [20. 0% (8/
40) ws. 57. 5% (23/40)]. ZRA G B L (X* =
12.340,P<C0.001), W% 5, H ERAS 4 %.0 X it X
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WAk 7 64.7% (RR = 0. 353, 95% CI: 0. 170 ~

0.720),

2.5 MABRFRIKREEZIGFILEK
xR A  ERAS 4 4 B L I M i A

WARIE P H >, RPIREE X2, 254511 %E

(P <C0.05), W 6, ERAS 4 SVV iEkrFH

95.0%(38/40),

%3 M IL-6 KFLLE (2 +s5,pg/mL)

26 5 n T, T, T, T F P
ERAS 41 40 10.2+3.1 48.3+12. 1 32,69, 8 18. 545, 4% 35.700  <C0.001
X} HE 21 40 11.543.6 76.9+18. 4° 54.2415. 3% 34, 84+10. 1% 85.400  <C0.001

" P<C0.05, SR T, B H# ;" P<<0. 05, 5 R4 T, Btk ;. P<<0.05, SR T, B ;¢ P<<0. 05,5 [ % IR 4 o ds s 41 ) 4% F =
35. 700, P<C0. 001 ; i [@ 2% % F=128. 600, P<C0.001;32 BN F=21.300,P<0.001,

x4 MAREHEMRLR (T L5)

ERAS 41 X B

WiH t P
(n=40) (n=40)
FRERH ] (min) 18.543.2 25,1445 7.820  <C0.001
24 h #d VAS P43 (4p) 2.14+0.6 3.840.9 9.450  <<0.001
EIKTIRRA (b 8.24+2.1 20.54+4.3 15670  <<0.001
HEBERT ] (D 4.24+1.1 6.541.3 8.230  <C0.001
x5 MAHEZELEEBTRIEED(%)]
o ERAS 41 Xif B 21 . p
(n=40) (n=140)
L IR 6(15.0) 17(42.5) 7.290  0.007
Jiti #4812 G 1(2.5) 4(10.0) 1.900  0.168
AR 1 & 1(2.5) 6(15.0) 3.960  0.046

*®6 FAHABRFARPEHEERERILE (2 L)

ERAS 41 Xt B2

T H ¢ P
(n=40) (n=40)

SR (mL) 1850+220 2550310  6.450 <<0.001

A A A LB (260D 66.743.5 66.74+4.1  0.820  0.417

JEAAE e (mL) 620495 850120  4.230 <<0.001

AR (mL kg ' « b)) 0.55+0.08  0.3040.10  4.820 <<0.001

AR TE - (mlL) 32090 11204210 5.910 <<0.001
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HATEATE BT H T 3 E AL -2 (cyclooxygenase-2,
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5k BE R AE S . HAE AL AE T 0852 0 46 St i 45
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