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Safety and efficacy of acute hypervolemic hemodilution combined with controlled low
central venous pressure in posterior spinal surgery”
CAO Tianbiao , SONG Wenzue”
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[ Abstract] Objective To investigate the safety and efficacy of acute hypervolemic hemodilution
(AHH) combined with controlled low central venous pressure (CLCVP) in posterior spinal surgery.
Methods From February 2021 to January 2022,a total of 60 patients who underwent elective posterior spinal
surgery in this hospital were selected,and the American Association of Anesthesiologists classified them as
Grade | — II. They were randomly divided into group C (AHH combined with CLCVP) and group F (routine
infusion) ,with 30 cases in each group using the randomized numerical table method. After entering the room,
the patients in both groups were monitored by radial artery puncture and central venous puncture (CVP) un-
der local anesthesia. Routine anesthesia was induced, and perioperative infusions and medications were man-
aged using CLCVP anesthesia techniques. The infusion volume,bleeding volume,urine volume, blood transfu-

sion volume,operation time and nitroglycerin dosage of the two groups were recorded. And the mean arterial
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pressure (MAP) ,heart rate (HR), pulse oxygen saturation (SpQO,), hemoglobin (Hb), hematocrit (Hct),
CVP, blood glucose, blood lactate, Hemagglutination indexes [including prothrombin time (PT), activated
partial thromboplastin time (APTT),fibrinogen (Fg) and platelet count(PIt) ], blood gas analysis [ including
pH.partial pressure of carbon dioxide (PCO, ), partial pressure of oxygen (PQO,),arterial oxygen saturation
(Sa0,) and alkali residue (BE) ] at each time point before anesthesia induction (T, ) ,at the beginning of skin
incision (T,),at the beginning of operation (T,),at the end of operation (T,),at the end of operation (T,)
and at the first day after operation (T;) were recorded. Perioperative adverse reactions, complications and
steward score during recovery also were recorded. Results The operation time in group C was shorter than
that in group F and the dosage of nitroglycerin was higher than that in group F,but the differences were not
statistically significant (P >>0. 05). The infusion volume and urine volume in group C were significantly higher
than those in group F,and the bleeding volume, plasma and suspended red blood cells were significantly lower
than those in group F,with statistical significances (P <C0. 05). Compared with T, ,the average arterial pres-
sure and heart rate in the two groups were significantly decreased from T, to T;,the Hb and Hect in group C
were significantly decreased from T, to T,.,the CVP and platelet count were significantly decreased,and the
PT and APTT were significantly prolonged from T, to T,. The Hb in group F was significantly decreased
from T, to T; ,and the Hct was significantly decreased from T; to T, ,with statistical significances(P<C0. 05).
Compared with group F,the Hb in group C decreased significantly at T, ,increased significantly at T ,the Hct
at T, ,CVP decreased significantly from T, to T;,the PT and APTT prolonged significantly from T, to T,
with statistical significances (P<C0. 05). There were no significant differences in perioperative adverse reac-
tions,complications and steward score between the two groups (P >>0. 05). Conclusion AHH combined with
CLCVP can be safely used in posterior spinal surgery which has a good blood protection effect. It can signifi-
cantly reduce the amount of intraoperative bleeding and allogeneic blood transfusion,maintain the stability of
hemodynamics and internal environment during operation,and keep stable recovery period, without increasing
perioperative adverse reactions and complications. At the same time, CLCVP is conducive to providing a clear
surgical field and shorten the operation time.
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min, FFAR = A k5 & (PCO,) 4EFf 7E 35~ 45
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SER (T ts.8) 41.2+18.5 39.7+19.3
R (r+s5,kg) 66.1+11.4 65.4+12.7
ASA 534 [n(%)]

T4 17(56.7) 19(63.3)

I %% 13(43.3) 11(36.7)
i (x5 .»mL) 3 5894578" 1 7564453
M (z+s,mL) 336+108" 969216
PR (7t s mL) 17664356 7894256
M3 (45 .mL) 235+78° 8674214
BIFLAAMM (x££, mL) 1.7+0. 6" 5.242.3
F AR} E] (2 £ 5, min) 3234101 4024131
R H A & (2 +5,me) 17.7+4.5 12.4+5.6

V.45 F 4L P<00. 05,
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MAP ¥ & 7+, T, ~ T, B0 R 35 8 212, C 41
BE T, ~T, B Hb, Het 8 8 &%, T, ~ T, i
CVP % B i F&MR.F 44 T, ~ T, i Hb 40 K.
T, ~T, B Het W R M, 2R A G2 X
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2.3 2 HABRHAN N S MBS AR, S A, L& PTAPTT ¥HEK (H2E R IEG 1243 L (P >>0.05);
LA.GLU K¥EL#® 5T, B HE.CHBHF T, ~T, 24H8% T,~T, i Plt.Fg.pH.PCO,.PO,.Sa0,.
Bf PT.APTT ¥ 2EK ,Plt fR(K . (HE R B LG IT#E BE.LA.GLU W, Z5RWEHKITF# B X (P >
M(P>0.05), S FAHLE.CHRBH T, ~T, B 0.05, WLk 3,

R2 CHABRERNBESRMRIHNZFELLEE (x+s)

e k7 T, T, T, T, T, T,
MAP(mm Hg)

C 4 (n=30) 95.847.3 65.449. 5" 66.8+9. 8" 70.5+9. 7 89.94£11.7 97.749. 6"

F 4 (n=30) 94.248.4 66.5+10. 6" 67.349.6" 71. 449, 2° 87.8410.5 98,447, 9"
LFEQR/ 55

CH4(n=30) 86.4411.7 68.54+10.1° 66.4+10.7" 68.7+10.1° 78.7410.9 96.7411.3

F 4 (n=30) 84.9+12.3 67.4+11. 2" 68.8E11.4" 70.3+£12.5" 77.9412.4 94,1+10.7
SpO, (%)

C #H(n=30) 95.046.7 99,446, 4 99.8%7.8 99.746.7 99.947.5 94, 656. 4

F 24 (n=30) 96.1+5.9 99.66. 2 99.9+6.3 99.8+5.9 99.5+7.6 95.3£7.5
Hb(g/L)

C 4 (n=30) 137.4+15.1 115.7413.1*  112.647.2° 109. 8411, 9* 111.349.7° 129.149.8

F #1 (n=30) 138.5+16. 2 135.5+7.8 108.4+6.7° 104, 748.9° 106. 3412, 5° 112. 3412, 4
Het(%)

CH(n=30) 39.143.8 28.842. 6% 26.2+2.9° 25.343.6" 29.7+1.9* 33.7£2.3

F 21 (n =30) 38.743.5 36.1+2.5 30.943.7 28,842, 5" 27.6+£2. 5" 31.542.9
CVP(cmH, )

C4H(n=30) 11.3+3.4 3.1+1.6" 3.241.8" 3.34+1. 7" 10.343.5 12.643.6

F 4 (n=30) 10.943.7 9.442.7 8.7E3.1 9.6+22.9 10.743.1 11.8%3.3

TSR T, W, P<0.05;5 F 4R [ & i, P<0. 05,

=3 EEBEESMNERLERER LSS, AR LAGLU KELLE (> L)

EiEtoN T, T T, T, T, T;
PT(s)

C 4 (n=30) 11.8+1.5 15.141.4 14.9%+1.5 15.1%1.1 13.1%+1.0 12.7+1.5

F 4 (n=30) 11.741.2 12.3%1.1 11.9%1.2 12.1%1.0 13.241.2 12.341.3
APTT(s)

C 4 (n=30) 36.5+2.5 42.343.5 41.842.6 40.242.7 38.5+2.3 38.6+2.3

F 24 (n=30) 36.7£2.7 37.242.8 36.7+£2.4 37.3%£2.9 37.3£2.6 37.5+£2.6
Fg(mg/dL)

C #H(n=30) 3.740.4 2.640.3 2.440.5 2.540.3 2.740.4 3.040.5

F 4 (n=30) 3.640.5 3.34:0.7 3.274:0.4 3.340.5 3.140.6 3.240.3
PIt(X10°L™H)

C #H (n=30) 225452 156436 162443 172441 184447 204441

F 41 (n=30) 228447 219445 21640 20647 20857 2114£55
pH

C 4 (n=30) 7.3540. 21 7.3270. 34 7.2440. 14 7.2740.24 7.3420. 24 7.3740.28

F 24 (n=30) 7.370. 24 7.3520. 26 7.3720. 25 7.40%0. 23 7.4270. 24 7.4020. 29
PCO,(mm Hg)

C 4 (n=30) 38.3+3.4 36,7444 39.6+£3.7 41.1£3.3 43.442.9 41.1+2.7

F 24l (n=30) 36.7+£3.1 38.7£3.4 37.7£3.4 40.7£3.4 39.743.4 37.743.4
PO, (mm Hg)

C 4 (n=30) 123.741.8 122.542.1 124.14+1.5 123.84+1.7 123.441.9 122.941.4

FH (=30 122.9£1.9 123.2£1.7 123.8%2.3 124.5£2.1 123.8£1.3 123.2£1.6
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8% 3 PHBEESFHBERMEER OSH, AR LAGLU KFEE (2 £5)

foh T, T, T, T, T, T,
Sa0, (%)

C 2 (n=30) 99.6£7.1 99.3%£6.5 99.1£6.7 99.44£5.9 99.846.1 99.7£7.2

FH(n=30) 99.5+£5.2 99.7£6.2 99.3%£8.2 99.6+4.8 99.745.6 99.4+£6.3
BE(mmol/L)

CHmn=30) 0.96+0. 31 0.97+0. 24 0.98+0. 33 0.99+0. 34 0.97+0. 14 0.96+0.41

FH(n=30) 0.97+0. 32 0.98+0. 35 0.97+0. 38 0.98+0. 37 0.96+0. 27 0.97+0. 39
LA(mmol/L)

C 2 (n=30) 1.1£0.3 1.3+0.4 1.540.2 1.640.4 1.440.5 1.34+0.2

FH (n=30) 1.2+0.4 1.1£0.5 1.3+0.3 1.4+0.3 1.2+0.4 1.1£0.6
GLU(mmol/L)

CHmn=30 5.2740.4 5.3740.3 5.5+0.5 5.7+0.3 5.5+0.5 5.340.4

FH (n=30) 5.340.3 5.440.4 5.640.3 5.840.4 5.640.3 5.440.5

2.4 2HBFEFEFARMA RN IFLAE, LIS #
W steward PEAT LB 2 HAEFIEZ B MLA M
SE RO MR FE R G IR L 5 R AE R | I AH OGO &
JiE L 20PE A5 5 L B RR 2E L POCD & AR 3R, DL 95 B 30
steward FEA/NT 4 KRR, ZR LG
EX(P>0.05) . WE4,
x4 2HABEEFREAREN FEE, AR FEEY
steward #E4 Bb B0 (%0) ]

RgE| CHl(n=30) F 4 (n=30)
5% 1(3.3) 2(6.7)
2 35) 2(6.7) 1(3.3)
AV 4L i 2(6.7) 1(3.3)
A MK 3(10. 0) 4(13.3)
FEM 1(3.3) 1(3.3)
I A R 0 0
piN 31BN 2(6.7) 1(3.3)
steward PE43r (<4 43) 20(6.7) 3(10.0)
KA 0 0
FuRiie 0 0
peaaiih 0 1(3.3)
VAL 4 92 9 0 0
=Xl Einkii] 2(6.7) 1(3.3)
Jiti A4: 2 0 0
POCD 1(3.3) 1(3.3)
3o #

HHEr, CLCVP 8 ¥z H I IR R B LA /D R
S I KA L BUAS 1 AR L xR BT A Ak
() FE AR — 7 TR LR R 55 AR B 28 15 5 — T
T AL I B T B L BE I T 6k L i A5 A il K AR
MRk 7 5. o KR RS RS —EW
gt

AT DX K A A A S K A RN HE PR DK A, 22 3R
YL R RAAILE LN EKEA.
HE Bk 2 1 B KN B B VR, 2 R R B Ik OE
(IVCP) Ry, H. IVCP 5 CVP A B A AH &%

F T Bk AR G = R L I VR AT OBL IR U Bl B
IVCP S8 N He i 38 in 35 A] 5 3508 A Dk A i s 3
e AR R i . E AR S B OR T H CLCVP
AR D i w2 8 BN CVP 2 ICVP #E 1
Ro AT #5028 s 7 o DT A A 7 AR DX Dk DA T )
I {65 i A BE PN AP ) 22 W0 5 [T AR RR AR Y CVP
PR K s B G S Ik B o 3 L A 2 AR i /D DA
7 93 /0 21 25 T B i 5 HG R, AR e 2 R Y K
FE TR 25 340 A58 T 4 200 5 A T R DX A0 o 1) K s o
B NZONAVAR s 33 LIS 2ol | I T (11N 0 g < o = s o NS 1
AHH 8 C 2 B H T 06 IR AR H A7 £ 7 408
N AHH B0 75 (8 CPREE B, H& T 8L W]
FRER Sk B 28 ALV B CANTHD) 38 21 /D 4 1fi i H
s A0 RO A g AHH LA 15~20 mL/kg #5 ffEHEAT
JEARY 75 5 ¥ Het #2461 2] ANH 225K 0 45 it (<
30YO) AR L1 H AHH 5 & 5478 3088 6 4oy, 45 1) J2 e
A OGT R o R E B A O WL AR SR B
R, 38 HACH AHH ABEE M ANH () — 4~ H 27
R AHH Z 89 75 HEE AR B 81 20% . A
MilE KT A S M ER 40% B AHH A o] /8%
ANH, AHH B CLCVP #RLL 30 mL/kg BEIAD”
ZEA[IRE) [H B 25T 40 %0 X AR BT Het<<42 % 1Y 8
HATHEGIE] 30 % LATR S REAR T AR o S A il A = Gk
F 75 ANH MHZEFE IR, F k. 78 3E A5 R H A7 7
AR H i i ELm A7 A O R 4F . Hb<<100 g/L B A7)
A% RSt AHH B4 CLCVP A,
AW A P SCiE CLCVP B[] 1fn 3% 2h 11 22 & 5
MAP..0> % Hb, Het,CVP ¥ & B A, H 24 75 4 4
T HAR BRI AR & L 48 B H S B TR AHH B A
CLCVP &4 4T/, AWt R0, &t E AHH
A R BT 3K 145 45 CLCVP, 3 1) /N 70 & i 457 3%
2 2 415 1 6E T BB G B s e 2 PR SR /N R A O A
T P 24 AU 1 DRI T R T 7 ke %) I 3 P A
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S0 B AL L $E R CLCVP 3 Ja] 3R JH /N 31 1 4%
V2 4 R AT AT Y L A AT R R A
R RO KR (LCVP) AN 208 A0 5 T g . HLX &
IIEEIC I B2, $2 78 CLCVP AR A 2% B /N ER %
1 K F W W ) i i AN BL R W, T RE X /N T BE A
B —E ey Ems .

AW £, CLCVP il b H i FAREE RS
i, S2E CLCVP 9 8 35 i/ 2% o i 468 2% A ) F
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