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[Abstract] Objective To explore the relationship between perioperative hemoglobin (HGB) concentration and acute
kidney injury (AKI) after pulmonary lobectomy. Methods Patients, who received selective pulmonary lobectomy under general
anesthesia in Peking University First Hospital from July 2017 to December 2019, were recruited and divided into low HGB group
(HGB<120.0 g/L; n=230) and normal group (HGB=120.0 g/L, n=1522) according to the HGB concentration before surgery.
And the primary endpoint was the incidence of AKI after surgery. Multivariate logistic regression model was used to analyze the
influence of preoperative HGB, minimum HGB concentration during surgery and the decrease of HGB concentration after surgery
on postoperative AKI. Results A total of 1752 patients were involved in the study, and the overall incidence of postoperative AKI
was 2.3%. The incidence of AKI was significantly higher in low HGB group than in normal group [5.7%(13/230) vs. 1.8%(28/1522),
RR=3.197, 95%CI 1.631-6.266, P=0.001]. Multivariate logistic regression analysis showed that the risk of postoperative AKI
increased to 3.590 (95%CI 1.765-7.303, P<0.001) times if preoperative HGB concentration being lower than 120.0 g/L, and that the
risk of postoperative AKI increased to 2.751 (95%CI 1.633-4.63S, P<0.001) times for every 15.0 g/L reduction of preoperative HGB.
Moreover, the independent risk factors involved preoperative eGFR <60 ml/(min-1.73 m®), intraoperative infusion rate <5 ml/(kg-h)

and intraoperative urine output <0.8 ml/(kg-h)(P<0.05). In addition, multivariate logistic regression models also showed that
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minimum HGB concentration during surgery (OR=0.933, 95%CI 0.780-1.114, P=0.442) and the decrease of HGB concentration
after surgery (OR=0.900, 95%CI 0.630-1.287, P=0.565) were not independent risk factors of postoperative AKI. Conclusion

Preoperative HGB <120.0 g/L is an independent risk factor of postoperative AKI after pulmonary lobectomy.
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Tab.1 Comparison of the preoperative baseline data of the two groups of pulmonary lobectomy patients

i 5 1EH #H (n=1522) {ERHGB# (n=230) P
FHE1(%)] 810(53.2) 54(23.5) <0.001
AEWE (%, x£s) 61.9 +10.5 63.3+11.8 0.070
TG H (kg/m?, ts) 247 £3.3 232£3.6 <0.001
Jiti A g (451 (96) ] 1343(88.2) 203(88.3) 0.992
AREGEIFAE[ (%))
CoPD 66(4.3) 8(3.5) 0.546
f=AiI0ES 653(42.9) 103(44.8) 0.592
SRR 195(12.8) 30(13.0) 0.922
A1 E Bl ok ok A A AL 142(9.3) 27(11.7) 0.249
W IR 282(18.5) 54(23.5) 0.076
e g I 136(8.9) 20(8.7) 0.905
i 2 v 157(10.3) 22(9.6) 0.726
WA 553(36.3) 37(16.1) <0.001
IR A g2° 16(1.1) 2(0.9) >0.999
P24 s [45] (%) ]
B ] D AR 148(9.7) 25(10.9) 0.587
ACEI 50(3.3) 6(2.6) 0.587
ARB 225(14.8) 44(19.1) 0.088
filb 772 158(10.4) 30(13.0) 0.224
FIIRZ 50(3.3) 9(3.9) 0.623
AR A6 AG A
TLLEF[ mol /L, M(Q,, Qs)] 71.9(63.0, 81.4) 64.0(58.3,75.2) <0.001
eGFR[ml/(min-1.73 m"), M(Q,, Q;)] 85.5(75.3, 94.6) 86.2(73.2, 94.5) 0.421
eGFR<60 ml/(min-1.73 m?) [f4i](%)] 68(4.5) 25(10.9) <0.001
R K H5B0>20°[ 451 (%) ] 591(38.8) 102(44.3) 0.111
ASAZTH A — IV [ 151 (%) ] 273(17.9) 55(23.9) 0.030
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Fig.2 The ROC curve of intraoperative infusion rate used for prediction of postoperative AKI
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Tab.2 Comparison of intraoperative and postoperative data between the two groups of pulmonary lobectomy patients

i H IE# 4 (n=1522) {RHGB4 (n=230) P
FARIHI [ (%)] 0.379
Ji i B DI B AR 397(26.1) 61(26.5)
12 it BR AR 1095(71.9) 161(70.0)
3 KU Ll BB A 30(2.0) 8(3.5)
A KRR 191 (%) ] 302(19.8) 40(17.4) 0.382
o 22 [ i (48] (9% ) ] 0.308
7 337(22.1) 56(24.3)
HE 55 pih 28 L 1114(73.2) 168(73.0)
i 55 A1 BHL i 71(4.7) 6(2.6)
ARG (%))
L Rk 633(41.6) 103(44.8) 0.361
ST E 716(47.0) 103(44.7) 0.522
ENARL SN 1175(77.2) 176(76.5) 0.819
15 PG 7 147(9.7) 20(8.7) 0.643
JPR T Tk 643(42.2) 87(37.8) 0.205
LA LRE 351(23.1) 52(22.6) 0.879
AR A A
HIBGE B [ml/ (kgh), M(Q,, Q)] 4.95(3.89, 6.37) 5.65(4.57,7.37) <0.001
HTRGH <5 ml/ (kgh)® [1(%) ] 777(51.1) 75(32.6) <0.001
N T AR (%)] 299(19.6) 57(24.8) 0.071
SERZT AR AR 151 (%) ] 26(1.7) 11(4.8) 0.006
SRR L3 (151 (%)) 26(1.7) 7(3.0) 0.187
B I [ml, M(Q,, Q3)] 50(1, 100) 50(9, 103) 0.152
JRE[ml/ (kgh), M(Q,, Qs)] 1.24(0.78,2.02) 1.69(0.99, 2.62) <0.001
JRHE<0.8 ml/ (kg-h)" [ (%)] 390(25.6) 42(18.3) 0.016
AR
HARHGBH FE[g/L, M(Q,, Q5)] 133.0(123.0, 147.0) (n=1323)° 112.0(105.0, 123.0) (n=211)¢ <0.001
SBP<90 mmHg [71](%)] 1022(67.1) 148(64.3) 0.401
SBP<90 mmHg#F£% #1130 min [ (%)] 321(21.1) 51(22.2) 0.708
Sp0,<90% [41](%)] 303(19.9) 55(23.9) 0.160
JPRESEHSS 1] [min, M(Qy, Q5)] 272(215, 330) 260(212, 332) 0.484
FAREF ] [min, M(Q,, Q,)] 184(137,238) 184(140, 242) 0.749
RG24 W AKHGBYE JE [g/L, M(Q,, Q)] 131.0(123.0, 140.0) 111.0(103.0, 116.0) <0.001
R J5 24 h HGBFAAR 5 [ 451] (96) ] <0.001
To(0%%) 404(26.5) 93(40.4)
0.1~10.0 g/L(1%%) 681(44.7) 99(43.0)
10.1~20.0 g/L(2%%) 330(21.7) 30(13.0)
20.1~30.0 g/L(3%%) 80(5.3) 7(3.0)
>30.0 g/L(42%) 27(1.8) 1(0.4)
ARJ5AKI[(%)] 28(1.8) 13(5.7) <0.001

HGB. IMZL5H; SBP. Skt ; SpO,. MLAEMIFNEE ; AKL ZAEE07; SiBosk 1 =K b SR/ QR BRI E] < (A); fRE=
AR ORI ] x AR TR ) “HA AR PSSk A 45 B (ST HGB) Y B dh 15344, HhE# 2013234, {RHGBZH2111; “ARJ524 h
M RHGBE AR RTHGBFE IR

2.3 RFAKIMSER F R ARLEAR R 4R R
2.3%(41/1752; MKHGBZ13%], 1E# dl28f), H
H187.8%(36/41; {KHGBZH12M], 1% ZH240)) K

AKT 1 4%, 7.3%(3/41; IE%4300) AR 1T %%
4.9%(2/41; {RHGBAL1M], #5% T'E&MRIGY7, IF
1)) AHAKT MY,
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eGFR<60 ml/(min.1.73 m”) (P=0.004) . A H ¥ i i
J£ <5 ml/(kg-h)(P=0.019) . AKRH R <0.8 ml/(kg-h)
(P=0.020) FIRHTHGB<120.0 g/L(P<0.001) A J5
AKIRY AL fa B N &, P RATHGB<120.0 g/L

A (P<0.10, #3).
zilogisticﬁlﬁﬁ*ﬁéﬁﬁﬁﬂ? , AR

BB 8 T RIS AKI & A= R (OR=3.590, 95%CI
1.765~7.303, P<0.001) (#3).

R3 MR AT ARIAY GRS K £ 20 Hr

Tab.3 Analysis of the independent risk factors of AKI after pneumonectomy

2 AP FKlogistic /4T Z [H Flogistic/ AT
OR(95%CI) P OR(95%CI) P
ATifeGFR<60 ml/(min-1.73 m*) 4.637(2.078~10.348) <0.001 3.524(1.499~8.287) 0.004
ASASTYLIT — IV 2 1.827(0.922~3.619) 0.084 1.315(0.637~2.717) 0.459
A ARG <5 ml/ (kgh) 2.071(1.079~3.977) 0.029 2.250(1.142~4.433) 0.019
AR PR <0.8 ml/ (kgh) 2.212(1.177~4.158) 0.014 2.170(1.132~4.158) 0.020
ARHTHGB<120.0 g/L 3.197 (1.631~6.266) 0.001 3.590(1.765~7.303) <0.001

OR. [Lffilt; CL #{ZX[H; eGFR.AHEE/INEKUETT 2, ASA. 22 [ERRIKS4s; HGB. M HE M AKL 2k 645

2.4 AHHGB. KT HEMHGB A JFHGBFELIH
FEHARFAKIMER  AFTKHGB(HGB<120.0g/L)
B &R N 13.1%(230/1752), Hr i B A&
84.8%(195/230), HREREAR# (5 15.2%(35/230), &
HE A IHFHGB<90.0g/L.

AR HTHGB I B B B 14 2 AR & A2 K
W 0 222,75 1455 (95%C1 1.633~4.635, P<0.001,
#4), Hep, 5HGB=120.0g/LH L, HGBEJE
REAR A AR 5 AR A2 XU 386 im 22,9025 (95% C1T
1.302~6.466, P=0.009), HGBHJE LA J5AKI
KA BN 27,1865 (95%CI 2.138~24.150,
P=0.001, #4).

KHGBZ B & A T R KHGBW I B AL T
IER4H[112.0(105.0, 123.0) g/L vs. 133.0(123.0,
147.0) g/L, P<0.001, #2]. {HAZIERFE R+
PR R E 5, R RHGBYR E 5 ARUE A TCH
& Z (RR=0.933, 95%CI 0.780~1.114, P=0.442,
#4),

12551 (71.6%) R J5 HGBH AR B FEA%, I
g, 290, 39, 4K i44.5% . 20.5% .
5.0% . 1.6%. TEMIE R AT iR &
J& . ARJF24 h HGBFRARIE B 5 AR A= o W] i 5¢ &
(RR=0.900, 95%CI 0.630~1.287, P=0.565, #4).

3 it it

AW FE LA 17 52450 42 32 5 400 il ok VD B R 1) £
RS, BWITARRHGB., RPHGBLL M ARG
H GBI 5 6 AR S5 AKIRSEm, 45 Ban, R

JGAKUEHEHH2.3%, RETHGB<120.0 g/L. AHJ
eGFR<60 ml/(min.1.73m”) . RHHIRH <5 ml/ (kgh)

R4 M UIBRARETHGB . A HRATHGB KA S HGBF
%5 ARJFAKII G &

Tab.4 Relationship between the preoperative HGB, the
intraoperative minimum HGB, the postoperative decreased

HGB and postoperative AKI

EASENmER Y
e -
OR(95%CI) P
ARATHGBR AR 14 2.751(1.633~4.635)  <0.001
ARATHGBA: 2%
IEH (=120.0 g/L) SR SR

B #A(105.0~119.9 /L)
R 11£.(90.0~104.9 g/L)

2.902(1.302~6.466)  0.009
7.186(2.138~24.150)  0.001

R EARHGB 0.933(0.780~1.114)  0.442
AR5 24 h HGBREAR iR B 0.900(0.630~1.287)  0.565

AKL 2B 0i; orR. WA ; CL B{FX[H; HGB. Mll4T
o SLHT A A M S 1 2 H Flogistic M EIRL, BI451
FARBIHGB<120.0g/L. RATHGBE S . R MKHGBHAIA T
24 h HGBI#(K IR % 5 e GFR<60 ml/ (min-1.73 m’) . ASAZr&¢ I — IV
. ARPEIRGEEE <5 ml/ (kg-h) FIAR R E<0.8 ml/ (kg-h) 37 £
[H Flogisticlal I %, RRETHGB<120.0 g/ LI /3745 5 1L 563,
ARSI A3 R FTHGB S 2% . AP R RHGB M A &
24 h HGBFEARIE B (93145 5 R FIBonforronithk 17 £ HAG 5
KIE, L3744 2 Klogistic A /IR, P<0.0134 25 534
Gl e m X RIEARATHGBUR /> R 1EH (=120.0g/L) .
[ (105.0~119.9 g/L) il B F4% (90.0~104.9 g /L) =544 5 ‘LA
RETHGB =120.0 g/LIE NS BA, HAAS AR BE 1 IRHGBXT A
JEAKLIFEN 5 AR J524 h HGBEA i FFAR AR

FAR PR 2 <0.8 ml/ (kg-h) A AR S5 A& A2 AKTH I 37 A
B R 2 . & X FLF R HIH GBIk AR £k X AR J5 AKT
AL W) A3 BT R, RS ARTR Az XU Bl AR i
HGB B [ m F i, (EAR PR AHGBHIARFHGB
R AR i 2 %o AR AKTAY & A JC A g 52
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ARIFFERF HGB<120.0 g/LE LN IRHGB, %A
(AT A AR N R A2 Wibr . 7 4h, ARIF5E
YA B B R A A BE (HGB<90.0 /L) X UL |
MIZLIL, 3X 5 A0 B FH AR — R DA . e
O3 B R HORAF AR S B 0 22 00 T S5 DA K

RHGBIR JE FEARIWHLE] v AR, nTREE
ZMHLH L RIE A G, B, IRHGBA] R
WHEARE S, DR BTG, XEAKIH A4
EHEEEEHY; Hik, 250 EAAAEL IR
RS, T REHG AN B /N A O i i AR Ak Y
VRORZNE, DA 3G 0 B AR B S Y
Wi Wt s KB, OIEFAREEARTIKHGBE AR
Jo AR Ak Sy AR S DT — T RO TR
BE TR R, RETHGB<120.0g/L5
ARG ARSI RS, AR RS H—5. (B
T il o 0 B AR R S B 5 9 R A5 2R L i e
X T fE 5 X SE A 5E B AKTIZ Wi o 5 A B 58 A [)
A, LR RHGER . #if. =i, Tk
e I PRI B 9% (the Risk, Injury, Failure, Loss, and
End-stage renal disease, RIFLE) 2 Wibr it uk 2 5 46
11 M 4% (Acute Kidney Injury Network, AKIN)iZWits
WE, MADIIERHKDIGOZ WitnifE ., H RS Lk
K, XS WTR L RO OC B U,
R R SE B A I, X [a] —BE (ARl FIRIFLE FIAKIN Y
FhISWibm e A L 2 R B 2, N AR ]2
WA o B BIF 5T 45 S T BEANTR] . KDIG OAREJE H Al
o icE HARTIZ Wi bR, FLRUR B &0y, mIE
A AKL, HAG A AKIN B A B A 4
TN ™Y, 2 FAT FEBAUR B ARTIS Wb e

AR K, RETHGBIKEMAL, RJ5AKI
DA B 1 o AR X IRt ik s 5% SR O EF AR 3
R A, AJF ARUXS B A FiTHGB 1) R A% 7+
O B R AR FTH GBI AL AT FH T 3 i
AT REAE N T B A T el mis o HARNESE 0
ZEMEWESE , AU IMAHCC R, AR IR R
R, 3867 B 5 R HTH G BV B BE 75 PR AR A 5 AKTAY
KA RS TS, i e SE .

AWFEAR K IA P ERAKHGBWE EE . AR i A
T . Rep i, DR FEFARYIHGBIK E %
RAE 5 ARGARIN A EADG . Bt b, HGBRIREE
T R AT B AV ALV 5 AECRE T, B/ INE T L RT BEAR
R B SE R B, AR5 R HGBW AR
JE ARG AKIR I ST FE R R R P AT g & B,
AKLE# AR J524 h HGBRFILH 11 30.0 g/L iy & A= 44
JEAKIEE &, HEF TSR, XFESAK
WEFEAN AN BB AR b i 3 A 5 (R A A
50ml).

AN, ABFITE KB, A P ROE B <S ml/
(kg-h) e R o R <0.8 m1/ (kg-h) 2 AR J5 AKI A
AW S fa R R . XA AE RO C & o
Frig i, e T i A 40 0.592(P=0.044) il
0.606(P=0.020), 4rTF0.5~0.7, /R8I N FAE A
FERY PRI M “DIRT WA G AR & A4
FEFEBAR B PO B . AR P v it AR i 5 R 5
AKIM KR — FAFE S BRI 5 R i A7 200
Wi AN R AT R ECE IR R R A, BRRAKT,
PR FE B R D PR B BRI R I, BR
IHRBIR AT AR E R E Y T HF AW &
H, EFRIEAR PR ATRE R . RO AR B R
P2 5 R BT R PR IGER 43 A3 n sk, o mT B
FARFE WA A FHE SR s, JPAEWRE
ARJE AR & A — A BT T e — 2

A GE M AFAEAS L 2Z Ak, Ay [l B A 5T
TR B E ARG R E, B ILCR A IS WU A
HAKIIZ WiAR e, 7] BE T BAKRTR A R AGA .
HM R R TR, BRI BN, L
I WUEFE A MR 15 2 i AKTIZ W 5 8 B UG %5 14
SR BAL, ARG N DS, SIS AMEYEZ
B, HEE AR Z i oE it — RS

Zi BTk, ARETHGB<120.0 g/Lzilit UIER A
J& KA ARTPY ST fa B R &, HLAKT A A= XURS: Bl AR
HITHGB Y B3 = -
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