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B B G S 5 R B R SME PR E L SRS R 7 e PR B LR B BT HRAGH RAER . ik 2024
F12H~20265F2 A EEKER KZMEAK ) ERE T RIKEASIMER T/T0EREERF AR EE604.
RS ME IR E BT VR N G SRR 4 (CA) A 4L 5 1l B SRR 4 (GA) , B &-30% . CALRAIf%
GRS, IR AR ERILERRE . GER ST M A S MEP RS, MBS AT E(DO:2i1)
TRRRE . BB AR PR RIS MEZR (CPB) I ] 3 3 ik BB 7] R o EEFR 41 40 fiE (PRBCs)
R, BAMEFFREEEBENEE. BROLAEQHD)IRE. BEEAELH(DO0:1). FHEMLE
(DOA)E . HEFHARGIRKRLE BEFEERE48/MT B RG AKN)RER. REHARESH
. ICUBBERE . SRR, REFRERER. RF30ORFT-RE., CRHAMBESE(T1). =
ShEKFENTJE 10 min (T2). EZIKIFET10 min (T3). CPBEHL(T4). [EICUEIZ]0 h (T5). [EICU 6 h
(T6)~ [EIICU12h (T7). [EICU 24 h (T8)&HS H R MFLERAKF. &F: WARRPEEIRIE, £
f&DOzi. “FHDOHHGHRETCH, ZRELITERN(P < 0.05), HK|ARFEEREFLALS %=
5(P>0.05). BWARBIRKSE BHERELE, CHREFE48/MT 2B HRG (AKN) R AERFH T GH(P<0.05),
AR EIRESKE. ICUEFRE. SBERRE. REFRERER. RESORILTREREINLHT
FEZR(P>0.05). RAEENEHEZ5HTHLERAIRR(Lac)/K-F, PidLac/KFEMEKM LE, T1~T8%
B 18 p B Lac A B KB — 2, CHMGAHEER L% (P> 0.05); FidLac/k FE4AEN HLE,
T2~T30 R 5 BEATIN BRELITHER (P> 0.05), T4~T8K A5 FHTIN AE L% ITHEER(P < 0.05).
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Abstract

Objective: To investigate whether an oxygen delivery-directed perfusion strategy during cardiopul-
monary bypass (CPB) can reduce the incidence of acute kidney injury (AKI) after cardiac surgery.
Methods: A total of 60 patients who underwent cardiac valve replacement surgery under mild hy-
pothermic CPB at the Yongchuan Hospital of Chongqing Medical University from December 2024 to
February 2026 were selected. They were divided into two groups based on the CPB management
method: the traditional perfusion strategy group (Group C) and the oxygen delivery-directed per-
fusion strategy group (Group G), with 30 cases in each group. Group C received traditional perfusion
management, adjusting pump flow according to body surface area. Group G received an oxygen de-
livery-directed CPB perfusion strategy, adjusting pump flow based on the oxygen delivery index
(DO:i). Intraoperative perfusion parameters were compared between the two groups, including
CPB time, aortic cross-clamp time, intraoperative packed red blood cells (PRBCs) transfusion rate,
lowest nasopharyngeal and bladder temperature during CPB, lowest hemoglobin (Hb) concentra-
tion, lowest DO:zi, and mean DO:i. Postoperative clinical outcomes were compared between the two
groups, including the incidence of acute kidney injury (AKI) within 48 hours post-surgery, postop-
erative mechanical ventilation time, ICU stay length, total hospital stay length, postoperative com-
plication rate, and 30-day postoperative mortality rate. Lactate levels were recorded at the follow-
ing time points: After anesthesia induction (T1), 10 minutes after aortic cross-clamping (T2), 10
minutes before aortic declamping (T3), at CPB discontinuation (T4), immediately upon ICU admis-
sion at 0 h (T5), at 6 h (T6), 12 h (T7), and 24 h (T8) after ICU admission. Results: Comparison of
intraoperative perfusion parameters showed that the lowest DOzi and mean DO:i were significantly
higher in Group G than in Group C (P < 0.05). No statistcally significant differences were found in
other intraoperative perfusion parameters between the two groups (P > 0.05). Regarding postop-
erative clinical outcomes, the incidence of AKI within 48 hours post-surgery was significantly higher
in Group C than in Group G (P < 0.05). However, no statistcally significant differences were observed
between the groups in terms of postoperative mechanical ventilation time, ICU stay length, total
hospital stay length, postoperative complication rate, and 30-day postoperative mortality rate (P >
0.05). Repeated measures ANOVA was used to compare lactate (Lac) levels between the two groups.
The between-group comparison showed that the trends in Lac levels from T1 to T8 were generally
consistent, with no statistically significant difference between Group C and Group G (P > 0.05). The
within-group comparison showed that Lac levels at T2~T3 were not statistcally significantly differ-
ent from the T1 level within the same group (P > 0.05), while Lac levels at T4~T8 were statistcally
significantly different from the T1 level within the same group (P < 0.05). Conclusion: The oxygen
delivery-directed perfusion strategy during cardiopulmonary bypass significantly reduce the inci-
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dence of AKI after cardiac surgery, which is more beneficial for the recovery of patients’ renal func-
tion.
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1. 5|8

1A SMEF (cardiopulmonary bypass, CPB) i Ca JIfE T A H 4E 455 LR P A AR AZ He i) SR BOR . 28T
CPB 2 A R SR A 750 1T Re 5 B SR sk A, kT 51 R AR S5 RORE, o 2 B 4147 (acute
kidney injury, AKI) & 0o lETF- AR J5 5 0L H ™ 8 1) I ROE 2 —, 75 REE B3 TR AR mIE 20%~40%, MY
RESINT BH R, KRR A I E T A5 R[] [2]. Rk, GifafE CPB i REH
LR, TR JG AKL B, 2O ik AR HH 5G]

CPB HAIH] (4288 B HEE A RN 2 SEUR G AKI S E0 B AE BEA LA . B AR Aot i 2h 1) 2
AL AR A BUR RIS E, £ CPB MG MESS 3]0 A& 50 A SMIE PR HE v S5 W el i B T 58 2 (A 3R i
i (body surface area, BSA) W & — /M & (VE LB (U1 2.2~2.6 L/min/m?), FEARERAL CPB HALAASEFR I
AP R ERE, TTREAFAERRE MEACHEE, 4k S S VA BE TR T S g B 300 RS o ol o IR A B E 7 SR s
(R R, IR R T A H bR T ) AR AR RV SR o 12 SRR e 0 TR LA B R R A
(Oxygen delivery index, DO»i), B ELERFI AL LUE A, I TBE FIkE2 2% B Thae il . DO B4 T 3)
Fik M AR LR S S BRI AR 43 F s LA AR b 25 DA R HEVE R S4B 40, FE AR SR & MR AL L, Rtk DOsi A2
CPB 1 “HH#ERE" e REZ—[4].

B — T2 s BEALA RS R, LS M SRS ED4ERF DOLi > 280 mL/min/m?, ] f#{K AKI
RAER[5]. SR, WA DO 4% 34 %] 280 mL/min/m? B . X FH T HALZ 1A DOs 2574 R .
DRI, 50 FE A SR AR L, DAL Dy 5 v (1 E VR SRS R TR RE B PR MIR R CPB L EAR J5 S B 85 &
A BRATAEE L. B FE B AEUERH, 4R S KT B S A 2L DOLi (I HEVE SEIG R CPB HR 4+ DO,i> 300
mL/min/m?, A]FE(ROCIEARG AKL Z4EZ, XA AKL &R —E WBhifEH .

2. BRI S A
2.1. —RFER

IEHY 2024 4 12 H~2026 4F 2 H ££ 5 PREE R R 7 B I 7Kk )& Bt 4 32 AR AR S MIE A (CPB) T /O I H
BT RMEH 60 Hl. INIRHE: 1) 185 < F# <75%; 2) H#H17 CPB N O E#A; 3) 3£
WREE B 23 (American Society of Anesthesiologists, ASA) III-IV 2%; 4) AL iV ThEE(New York Heart
Association functional, NYHA) III~IV Z%. HERRbruE: 1) &I EHATF. . 0% E BT 8SThREfEms &, 2)
RATAAE S TSNS F R 3) AT O =5 15 £ (left ventricular ejection fraction, LVEF) <40%;
4) BETAREZIHROEFAREIEA D ZRENL): 5) &I HIBRES MR RGN 6) R RIKIER 6
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o RABENLE TR0 N, At S RETA(G 4, n=30)FUESREELL(C 4, n=30). G41%XH
AL A R SMEETE NS, C AR AL RARIME I B HEmE o WEE PR AL AR S L M R SR TR
ASA 738 NYHA 732 415 [ (hemoglobin, Hb)¥& & . 141l 1 # (haematocrit, Het)s MUULEF . 70 % 5
M4 EIRFERTGR, FEATG =0T, HRAURTT R 22 R 8 B G ik 8 (P > 0.05) (I
K 1)o AW HERERR M E KN ERACEEZ: R, A RIEE MG R E 1.

Table 1. Comparison of preoperative data between the two patient groups

F 1. REABERBTERILR

I PR % 6 cH4l G#4 t/* i P {H
FEW(7ts, %) 57.47 +10.56 57.00 £9.97 0.176 0.861
H N (%)] 16 (53.3%) 14 (46.7%) 0.267 0.606
EREA( 7 £s, m?) 1.59 +0.137 1.59 +0.147 -0.036 0.971
ASA 7% [n (%)] 0.271 0.602
11 14 (46.7%) 12 (40.0%)
v 16(53.3%) 18 (60.0%)
NYHA 7 Z[n (%)] 0.373 0.542
11 24 (80.0%) 22 (73.3%)
v 6 (20.0%) 8 (26.7%)
Hb (7 +£s,g/L) 129.36 +17.51 135.50 + 22.81 -1.168 0.248
Het (7 £s, %) 39.10 £5.12 40.13 £7.01 —0.652 0.517
MALEF( 7 5, umol/L) 73.70 + 14.59 77.90 + 16.97 -1.027 0.308
B rts, %) 59.70 + 6.26 60.10 + 6.46 -0.243 0.809
I [ (%)] 11 (36.7%) 12 (40.0%) 0.071 0.791
BRI [0 (%)] 4 (13.3%) 2 (6.7%) 0.185 0.667
22. FiE
2.2.1. IREEFNFIMEIR TS A
1) BRI TV

PRHAHL R A 52 A S RRIE . RIS S 29 B G RIA M. BTSR KB THVAY AN 2 iR, A 5E I
SIEATAENIEE, HEBEMPRALEAT YGRS . R 5E B sl bk B R OB Rk S R B, R R FIE
LA BB MR IR SR R o BRI RE I BOWRF S48 TGl RTAM . £T95 K8 & B R Rk .
A AR AT B, M FEE S EIRER . S ERRER . AR H ) LL4E R R 30 /) %5
o BESLRAMEIRIT, E ESK & B BEE ORI S, PR R E A . B S
ARIAE L, EIEIVRMEIE . RISt AR AMEIAETE e M, 35 fR A — 25 R 08 A v £ )y 6
SER

2) PRAMIEINT5 2

RIS Sorin C5 AUV KA A1 Medtronic %8 & 8@ L AASMEIR . KT TR AN 7 @At
500 ml. BEFAMEEARS 500 ml. 20% H #E 82 (3% 1.25 mL/kg tHE) LR ANILEAE E 20 go BSR4
R4 & AP AMET 80 g/L. i 4:1 5 1fi Del Nido (S HEAT QNURS", B 73% 20 ml/kg #EVE, BE
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Ja MG 1 /N R EE— IR, FIEECEN 10 mVkg. PrstE 2 b, #lkiES 2 300 Ukg, fF ACT Hlifg >
480 B )5, EENRIMEIR . AR AR AR SME IR H AR (LERRR B 32°C~34°C), FHR LI 4 MR AL Het 4
FRIE 24%LA 1, PRSI 4ERFTE 50~80 mmHg VG P o A A /N W50 ACT FIsh ki<, &
100 5 R R s A D R 2L, RS TR DE . EERTTRUS . Ol T 3h A B AR BT AT R ER
B). RrO IEThREVK S %2 2 LLSCREIE PRI, B2 bR aMIGER, J64% 1:1 el (o 8 A 30/ 1 h R =
ARG BN ICU #1475 4L .

C HRMERFER R, KT HRRMAPEEERE, EERE = BRI < REHREHE2.2~2.6
L/min/m?), CPB H[a]5¢iE #EE I & (perfusion flow, PF). Hect FVE & & ik I 420 79 A1 & (mixed venous oxygen
saturation, Sv02)55 5 Gifibr. G 4R E ML S M WA SMEIABEL SRmE, BROGHE LA BARGdRbRAL, BE LS (L
65 DOL 1ENIZ LIRS, B RSB IACTE. Het S5 TFRIBIHKE 2 AR . HHEAMTES DO
(mL/min/m?) = i & PF (L/min/m?) x [1.36 ml/g x IL£L2 4 Hb (g/L) x 4L FWIAE Sa0, (%) + 3
k%7 & PaO, (mmHg) x 0.0031], ¥ & F M) H A% 454 DO21 > 300 mL/min/m?. P4 2H 0% AR 4E K71
BIghlik s 50~80 mmHg, A3 HAREMERAME, SEREETRE, HFY3kE <50 mmHg,
TG ERHE FIRETE . Hb KT 80 g/L W ] k300 I8 00 B I vy 21 40 M B - AR A ol . o vk
I R e B g A Fe g DR . IR AR A RS . REEFTE BB E N 1CU.

2.2.2. MEIEFR

1) RAEEEFEAR: ARSMEIR(CPB)I ] 3= Bk BHWTE ] AR #2024 i (packed red blood cells, PRBCs)
iR CPB AR 5 A S M I 5 105 kiR AR b I I Hb IR L (IR SRR 2D 00 S P8 S8 ik Fa (D Osi) -

2) RIGIRIKRE Rfatrtbie: EEERIRMNARIE 48 /N2 BEHGAKD) K AER, K KDIGO
ZIbRUE[ 6] XN : ARG 48 h WILALEF & >0.3 me/dL, SiAm ERLMEM 1.5 5 &L, BURERSE
6 /NFFRAE < 0.5 mL/kg/h. RESS RfaFREHE: A JFHUMGEE < (mechanical ventilation, MV 8] EAE
7% (intensive care unit, ICU){5 BB [A] e £ B [a] . ™ 5 JF R0 R AR R (WO HFZE A E . MR e, i
MBS REH ), PARARE 30 RIET:ZH,

3) &BF R FLER Lac KT: 230 T PR 8 AN siic s AH G HI (0 46 KI5 5 5 (T 1) ESNIKFE WS 10
min (T2). EBIBKIFHET 10 min (T3). CPB {2HL(T4). [ ICU EIZ] 0 h (T5). [A] ICU 6 h (T6). [f] ICU 12
h (T7). [6] ICU 24 h (T8).

2.23. GitES R

K FH SPSS 20.0 #EATHIE M7, f#iH] GraphPad Prism 8 #3742 & . HHEEEILL n (%) Fx, FH
A Y Fisher FEHRE I8 . 11 VORISR Shapiro-Wilk 36 #HAT IEA 04T, IE&20 A Buds DL + ArdE
Z(gts)ERFoR, WA HBCR AP A ¢ £550;  FEIEZAS 7 A B0 4 A v A om0 2 A7 3 M(Q,
Q3)1FR, AR A Mann-Whitney U K556 I #5005 77 22 70 b, H 20 A AS [ B st A i ik 47 L
B, P<0.05 INAERAGIFE L.

3. 58
3.1. FEBERPIETIEIRLER

Pl E AR PR UHLE, fEHK DOy “F#4 DOs HTH, G UM+ C 4, ZRE4iT¥EENL,
(P<0.05). HARFaPrt4E CPB A, FZIKFH TS ] . A PRBCs il 28 . CPB 5 {1 & M 155 It e FEE
& Hb WSS 7 TH, TG 242 7(P > 0.05). W& 2.
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Table 2. Comparison of intraoperative perfusion parameters between the two groups

2. MEABEARPETIEIRLE

e PR B R
CPB i [H]( 7 £ 5, min)

F B K LTI 1] (7 £5 , min)
A1 PRBCs it % [n (%)]
RILEWIEE(7s, C)
BIRBEMEE(7 s, C)
B Hb IREE( 7 £s, g/L)

HAK DOz (7 s, mL/min/m?)
3% DO2i ( g £ 5, mL/min/m?)

CH
198.30 +52.13
129.60 + 44.11

19 (63.3%)
32.55+0.48
32.86 £0.54
85.66 = 12.62

266.73 +25.88
284.13 £25.64

G4
204.53 £59.05
136.03 +43.06

16 (53.3%)
3242 +0.46
32.74+£0.53
90.53 +12.35

307.53 +£28.83
323.80 +24.44

t/* 18
—0.433
—0.572
0.617
1.058
0.813
-1.509
—5.768
—6.132

P1a
0.666
0.570
0.432
0.295
0.419
0.137
0.000
0.000

3.2. RIGIGFKSG EHEIRLLS

PIALEH EEAR G IRIRSS R IEAR LR, C ARG SRR BIAKD A AR & T G 4, (P<0.05). P4
REAR GRS RARFR: ARJGHUBGE SN ] ICU &I, SUEREE . ARSI AER LR RG 30

RICTRERBUGFEZERP > 0.05). W# 3.

Table 3. Comparison of postoperative clinical outcomes between the two groups

3. MEREARBIRKRE R

I R B2} c4 GH 2 {8 P A

AKI KA #[n (%)] 10 (33.3%) 3(10.3%) 4.812 0.028
MV (7 £s,h) 36.63 +26.80 36.33 +24.89 0.045 0.964
ICU 1 E ISRl 7 5, h) 71.83 £45.22 68.80 + 39.49 0.277 0.783
SERERI (7 £5, d) 27.87+10.26 29.33+9.70 -0.569 0.572
fROHEZE A (%)] 6 (20.0%) 7 (23.3%) 0.098 0.754
Jiti &R & G [n (%)] 9 (30.0%) 10 (33.3%) 0.077 0.781

it 1L 3 A [ (%)] 4 (13.3%) 2 (6.7%) 0.185 0.667
AJG H M0 (%)] 1 (3.3%) 1 (3.3%) 0.000 1.000
ARJG 30 RIET-Z[n (%)] 2 (6.7%) 1 (3.3%) 0.000 1.000

3.3. FEBEABR(Lac)/KFLEER

K A7 20 Hr ELAS W4 Lac ZK°F, W4 Lac EARIEIELES, & IPI4L B R E I E] A0 Lac
BRI B, TI~T8 #AFAIA, C M G HbBZER LG 2= L(ERE N 45 F =
0.007,P=0.935>0.05). W Lac EARMELE, F AN RMBAGIET & F=19.664, P=0.00<0.05, ifiHH
T) [R5 AL 91 2 TA) AT AR AE ARG R s 44050 F = 1.979, P = 0.076 > 0.05), T2~T3 I} /5 5[4 T1 I 5
Lac /KFZER LG5 E (P > 0.05), T4~T8 b i 5[F4 T1 B i Lac /K2 58 gt 228 (P < 0.05).
BEMFHITLR, Lac 23T, FAE ICU 6 h iAFm g, 152 #i 7%, ICU24h HVEfR . W& 4,

K 1.
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Table 4. Comparison of lactate levels between the two groups at different time points

F* 4. MEABENFERTRFLER(Lac)7k FELER

I R BTk c4l GH tfH P {f
Lac VWE{HWE( 7 s, mmol/L)
T1 1.15+£0.58 1.09 £0.49 0.405 0.687
T2 0.87 +£0.37 0.98 +0.59 —0.854 0.397
T3 1.20 £ 0.80 1.49 +£0.92 -1.279 0.206
T4 2.53+1.72 3.17+1.78 -1.397 0.168
TS5 443 £3.52 499 +3.41 —0.625 0.535
T6 7.11 £4.26 5.81 £3.97 1.224 0.226
T7 424 +£2.58 3.94+£2.52 0.449 0.655
T8 247 +1.72 2.80+1.98 -0.680 0.499

e 45 F=0.007, P=0.935>0.05; & F=19.664, P=0.00<0.05; Ff&*4H5H F=1.979, P=0.076>0.05.

15-
#
3 10+ il - CH4H
> # = G4
E als
€
F
S %1
# # #
0 1 1 1 1 1 1 || 1
T1 T2 T3 T4 T5 T6 T7 T8

Time

BVE: #FORHAN KN AE T1 M, Lac K FERBSLITHFEN, P<0.05.

Figure 1. Comparison of lactate levels between the two groups at different time points

using repeated measures ANOVA
E 1. EENEFESIELRAAEEERERE S Lac &

4. Wit

SR B B (AKD) 2 Lol TR A e W H ™ B IF ACREZ — . CPB AHIRHT AKIT AmHLHIE 2%, ¥ K&
PAESR I - FREECESRDG . MBS RSB PRI (RUR Db 42 B RAE SR NISE 2 AR R (7] (8], Hrp, 4
GUABEAS RO Bl BB 05 B0 S N AR R BRARENIATT[3]0 A% GEME T SRS 1 R AR S8 AR I A o
SREEE, R bl IR A K AN . FURRSE SR AR VR A EE IS O, I M IR AR A SN 42 B
PG E AP ERETT AR — € AL, TRE T IR AU AN 5 SE R IR S | S i DL % P 20
Lac BAEE. B, (&SEE Sl e TCVAT 2 T & 78 CPB MFCIRAE N M ML RIBH R, 5

SR B NI CRRE RO IRZS.
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AT ) TR SRS R AR TR A R K I SR R B L FLREE PR AR Sk Ak L, K A AR BU(D O 1 N EVE )
O BAR. DO TS A T RPN sk R R, ML EA. AWML A S K, HET IR
PR TR R BE T AT S LA SR AR O, A SEBUARAMEIR “ e BEERI R e IR R 2 —, ERER .
R M T 2% B 45045 KURE[9] [10]. DOoi RefBLRA RWNUAEHLIRGL, FEEAGE CPB 12 HHH Tl
HLUICHEVE SR TR R RE i, PT4R RImR S SRR T T i,  MIfi 47+ CPB A Hl &, 3%
BHEMMARBUS[11]

AT G HAER B ER IR, did AR ERI LI T DOL 387, CPB MR 4E
#F D021 > 300 mL/min/m?. WFALEER A, FALFMAG H)R)G 48 /N AKT KAEFRN 10.3%, H5HE
HEA(C 4N 33.3%, G4 AKI KAEREZKT C41(P < 0.05). PLELERILR T A M S ml i FEE Smg af
RESCHL 778 LHEAREVE, 4ERF 7B IEAE TR A, SREARH RS R —8[12] [13]. Ranucci 55[5]MIH 5T
R CPB WIAIFEAE —AS DO [ “ L4 BI{H” (Z9°8 280 mL/min/m?), ik Ti% MK B & W INAR G AKI (1)
o SR, HEEELL DOy 4% 34 %) 280 mL/min/m? B &, X SE T WL A1) DO 574 K.
R, AW 70K H ) 300 mL/min/m? E 2 HARMA, k& B RF . ARBEFiT, C 4R (K DOL &P
DOy ¥R FEMLT G 4H(P<0.05), XUFSE | A& G S0E A7 1E LB R A 2 R AU o 388 Ik S el 5 3= 31
TRLA4ESRF DOsi 7E HARBIME A b, G 4L 1S NEEREAS CPB SR W Re 22 g 1 B /b iy ifiL iF ] 5 B 4 1)
BRIMAERE, A ZARY T8/ NE bR aiM I Dhae, AR T 5 SR SR SRS AN A0 B T, e AR BA AKI
R Z M R A

FEL AR A 3h 25 W 00 AL R KT, 8 B TP A B L SV L S RE A VE R L, IR AE — e R b v fB
TS 14]. SRTIABE L R SR, RE G AR AT DO = T C 4, Wi Lac /KT F AR LLETE S
T ZEF(P>0.05), H&B AR ELEREEA 5, HSATFRERMFF15]. £,
FLIR & H U R A AR B, DOLi RIS THER R A B 3 FLIR K 1 R B o A 50 Hh P 4 LR /K
(RARABLPE T R i DR LT T ARE: B2, &5 ShAK L BR /KT vl g J0 ik R Ak S e J=3 358 8% B (5 ) P e
HRA[16]. £ CPB MJAEAHRA T, A EHME LIS B4 RS T I sh M S, AT RefFAE X
PEREEAE, AfES S A IEEU RN, BIESR e ST e g MRS 2. ik, MK
P2 Z PR R RN, W CPB AR R T AR A . RO N (ELAE LR B IR IR R AR 5
Bynrsgma LR AR R S ERR, HE AT RRHE ST 1 AN [F)HEVE SR FLER AU I AT . AR A G
WFFE[13] [17)385E 5% DO, % T HRI1E ) #h 28 T T #H (area under the curve, AUC)HIZ3 T, £8 T DOJ KT 5
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