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[ Abstract] Objective To explore the risk factors of acute kidney injury (AKI) in patients with sepsis in
intensive care unit (ICU). Methods The medical records of patients diagnosed with sepsis in ICU of West China
Hospital of Sichuan University from March 2009 to June 2016 were retrospectively analyzed. Differences between AKI
group and Non-AKI group in general data, background disease, ICU entry and exit dates, complications, laboratory data
and other related data were analyzed through univariate and multivariate statistical methods. Results A total of 2331
patients with sepsis were included in the study, including 626 patients in the AKI group and 1695 patients in the Non-
AKI group. The multivariate logistic regression analysis revealed that age >40 yr. (odds ratio (OR) =2.752), diabetes
(OR=2.563), hypertension/coronary heart disease (OR=1.851), chronic kidney disease (OR=15.876), heart failure
(OR=2.295), acute respiratory distress syndrome (OR=2.067), severe acute pancreatitis (OR=2.725), hypotension
(OR=2.140), hypoproteinemia (OR=1.596), lactic acidosis (OR=2.164), organ failure>1 (OR=4.480), WBC>10x10° L™
(OR=4.166), serum creatinine (OR=4.401), PCT (OR=1.816), Cys-C (OR=7.046), mild anemia (OR=2.107), moderate
anemia (OR=3.817), and severe anemia (OR=6.091) were all independent risk factors of SA-AKI. Conclusion Several
risk factors are related to the occurrence of SA-AKI in the ICU. Early identification and monitoring of risk factors for SA-
AKI and early prevention of AKI can improve the prognosis of sepsis patients.
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Fig 1 Occurrence of sepsis associated-acute kidney injury by age group
The numbers in the column represent the cases in each age group in the

AKI group and Non-AKI group, respectively.
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Table 1 Comparison of baseline characteristics between Non-AKI group and AKI group

2

Variable Non-AKI group (n=1 695) AKI group (n=636) tly P
Agelyr. 57.00+13.09 63.35+£12.40 -10.573 <0.001
Gender/case (%) 1.219 0.270

Male 1105 (65.19) 399 (62.74)

Female 590 (34.80) 237 (37.26)

Operation history/case (%) 157 (9.26) 83 (13.05) 7.184 0.007
Hypertension or CHD/case (%) 440 (25.96) 266 (41.28) 55.132 <0.001
Diabetes/case (%) 325 (19.17) 230 (36.16) 73.586 <0.001
Chronic liver disease/case (%) 173 (10.21) 61 (9.69) 0.194 0.660
Malignancy/case (%) 199 (11.74) 83 (13.05) 0.746 0.388
COPD/case (%) 591 (34.87) 252 (39.62) 4.530 0.033
CKD/case (%) 20 (1.18) 100 (15.72) 200.321 <0.001
Heart failure/case (%) 389 (22.59) 238 (37.42) 49.256 <0.001
ARDS/case (%) 525 (30.97) 327 (51.42) $3.328 <0.001
SAP/case (%) 134 (7.91) 107 (16.82) 39.680 <0.001
Hepatic failure/case (%) 116 (6.84) 30 (4.72) 3.563 0.059
Hypotension/case (%) 628 (37.05) 369 (58.02) 83.073 <0.001
Hypoproteinemia/case (%) 551 (32.51) 293 (46.07) 36.826 <0.001
Lactic acidosis/case (%) 298 (17.58) 190 (29.87) 42.223 <0.001
Failed organ/case (%) 103.543 <0.001

0 240 (14.16) 22 (3.46)

1 218 (12.86) 26 (4.09)

2 334 (19.71) 160 (25.16)

3 459 (27.08) 216 (35.96)

=4 444 (26.19) 212 (33.33)

AKI: Acute kidney injury; CHD: Coronary heart disease; COPD: Chronic obstructive pulmonary disease; CKD: Chronic kidney disease; ARDS: Acute
respiratory distress syndrome; SAP: Severe acute pancreatitis.
®2 WAZHEHMLER
Table 2 Comparison of laboratory data between Non-AKI group and AKI group

2

Variable Non-AKI group (n=1 695) AKI group (n=636) ty P
HGB/(g/L) 101.98+38.14 80.4129.84 14.352 <0.001
WBC/x10°L™" 12.4414.67 16.21%5.34 -15.713 <0.001
PLT/x10°L™" 100.72439.21 95.02+37.69 3.158 0.002
Baseline Scr/(mg/dL) 1.1820.53 2.0240.91 -21.989 <0.001
UA/(umol/L) 440.83130.30 432.562132.38 1.358 0.175
PCT/(ug/L) 2.72+1.09 3.74+1.66 ~14.407 <0.001
BUN/(mmol/L) 14.2145.35 14.06£5.58 0.560 0.576
Cys-C/(mg/L) 2.09+0.61 4.07+1.81 ~27.118 <0.001
CRP/(mg/L) 134.81+66.90 167.37+76.92 -9.422 <0.001

HGB: Hemoglobin; WBC: White blood cell; PLT: Platelet; Scr: Serum creatinine; UA: Uric acid; PCT: Procalcitonin; BUN: Urea nitrogen; Cys-C: Cystatin C;
CRP: C-reactive protein.
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Table 3 Multivariate logistic regression analysis of influencing factors of sepsis associated-acute kidney injury

Variable B SE Wald P OR 95%CI
Age (>40 yr.) 1.033 0.386 7.158 0.007 2.811 1.318-5.992
Diabetes (yes) 1.036 0.211 24.121 <0.001 2.818 1.864-4.261
Hypertension or CHD (yes) 0.577 0.202 8.174 0.004 1.781 1.199-2.645
CKD (yes) 2.582 0.465 30.805 <0.001 13.221 5.313-32.903
Heart failure (yes) 0.840 0.204 16.881 <0.001 2.316 1.551-3.457
ARDS (yes) 0.744 0.190 15.328 <0.001 2.105 1.450-3.055
SAP (yes) 0.942 0.275 11.715 0.001 2.566 1.496-4.403
Hypotension (yes) 0.717 0.192 13.930 <0.001 2.048 1.405-2.983
Hypoproteinemia (yes) 0.474 0.191 6.135 0.013 1.607 1.104-2.339
Lactic acidosis (yes) 0.867 0.215 16.328 <0.001 2.380 1.563-3.623
Failed organs (>1) 1.527 0.306 24.910 <0.001 4.604 2.528-8.385
Baseline Scr/(mg/dL) 1.512 0.143 111.061 <0.001 4.535 3.423-6.007
HGB

90-<110/120 g/L* 0.842 0.314 7.187 0.007 2.321 1.254-4.295

60-<90 g/L 1.398 0.277 25.553 <0.001 4.047 2.353-6.958

30-<60 g/L 1.808 0.297 37.120 <0.001 6.100 3.410-10.914
WBC (>10x10°L™") 1.434 0.250 32.798 <0.001 4.197 2.569-6.857
Cys-C/(mg/L) 1.955 0.129 230.634 <0.001 7.066 5.490-9.094
PCT/(ug/L) 0.592 0.074 64.254 <0.001 1.808 1.564-2.090

B: Partial regression coefficient; SE: Standard error; OR: Odds ratio; CI: Confidence interval. * Female: 90-<110 g/L; Male: 90-<120 g/L.

3 it

WREERESZRICUHE WG RZR-BAIE, I K AKL. 7E
ASTRI X A T LA 22 Pl USRI 9T v & B, J8eA & A AKTTT
&, P RAKIMIET | FERR L E R, 5
HE A AKTE B2 Y e 3 A E AR L, SA-AKLE &
HITCUFEI R0 HH Be 3 1 3 R, A I o 3R W,
AR B fE KA RIS LR, B R SRR S
B3 SR W T I BERE VAR 0 0 & AKTER 5 HUSE T 38003
mel, (AT BFRE R, AERRERAE T, AKTRY ™ B AR 5

CKD A A= Jo ok, BIE I I A ™ B A9 AKTHL i 2 JiE o
CKDP'o A, 7E— 35 rf [ A9 AK TR W7 i 25 2w, Sk
RPN T EAKIBE WAL T ISz fa B s 2 —"0
PRI AT S A- AKTH 16 PR 28 0] il 3 i 2 A8 2 Y TS

ARITJE AL, Rl R R A AKTI a2 22— I
— SRR E S AKIR R A VIR, 7EAR
58, AKTZLA-F-244F 3 K F-Non- AKTAL, 4150 H7
PERTE R AL, SA-AKTRY P & FU RIS 7 o AR S0REAR
%> 405 A Z I FKlogistic I HBI AL, 5 R 4R, 48



712 PNl (BE22 R

5515

%> 404 (OR=2.811, 95%CI: 1.318 ~ 5.992) Bl >k & = SA-
AKIF AT falsr 2R

{EAF— LMY 2, 75— LERgE b, BB AKIRY
FER R Z ", WifE S — 5, i 5 AKI &
AR YIARSEM S FEARBFGE h, BUR SRS M LU e T e
P (B 164.52%, Lc14:35.48% ), (HAE AKIZ] FINon-AKIZ
o, M 22 SRS E X, FEORPERIXTSA-AKTIY R AR
TCHI SRR, X SEI ST 458 1Y 25 5 T RE TR IE B PR A
FERARTE] . X TR 5 SA- AR & A 2%, 5
20 T I WF IR -

FEICUH, MeFAE AY &2 4 ] LS 82 RO F L, i
T T AE ST Y IR REAE JR 3 A AE TR . ARFgE gttt
TSGR B WA N8I RIE . 8 B sk
AR dR R T 1A 48 B =08 1Y L9 fE AKIZH FilNon-
AKIZ13 51 /994.45%H172.98% ., HR MR 1% . ARDS,
fIRER FIMAE | 05 FLIR MR R P 8, KA R AR 2
SAP. JH#0, Logisticlnl IH/M 48R, 2% B = E> 1. K
I . ARDS. fIREE FHIAE | 032 FLERPERR T . SAPJE:
SA-AKIf A ST fEfs 2 . Horb, AR e . FLERTERR
HEE . SAPYENSA-AKIIY ST fE S R 2, 78 BRA Y SCiikrp

SAPZ—Fh 2 PENE ARG, J2 N s IR e A H UL 1 D
R, 55 EE AR AKTRY R AR R InARSC ), 2 —Ji £
O [T F 5 v, A [ B AR AT S AP I ME T AT 1Y) BT A
i, AKTE AR5 1K75.6%" 7. Al fiE & N N SAP
BT | L Y 4 B PR ARAE RN T 3 T A4S A AN 2 | 41
VEE U/ T DA A LS ) T A F AR, B B B
IR,

PR A EVE T L B /MR U a6 o R A ) 6
R . AR TG L7 IR PRAF S HEA T 25 A o B
ZRI AR 1 1 ILAE 2 AKTRTAKTE: AR S5 A6 T 5 2k Sz T
T ZIFoE & B, IE A& A EERER 10 g/L, AKI
R FRIENI134%, & A AKTHY S AL TR fI1147 %

FURRTERR 2 (L FLAR K F> 5 mmol/L, pH< 7.35) &
JUHE MREERE AR RS, IT 5 KRR TR B E A, A
[] TR e RAS 72 A LR 22 2K VR T2 S A T 8L
SRR S, e SE 1 [e) P FLIRTE B AN 58 & 5 A 2L S A
5, WA BRI AL IS SRR AR R, ICU
o, AKIE ™ EFLRMERR h 3 1 B SE TR =, ot
A I, FERRAERI ST, ZLRRVEIR h s A A G IR 3R 8
2

I LEF . HGB, WBC. Cys-C, PCT/K -l 5SA-
AKI & A VIR e . HGBK SR AT LEF K - AU

RHESA-AKIIY ST fE K K 3R, 7855 — 5 ik & 3™,
iS5 CKDI & e Al 56 . A BT & 3N, 3 1l AKTHY
T Sr TN PR, 55 5 A e R R TE O FEARIFST
AT AR B R IR S SA- AKTAY & A AR G, HLBE S %%
IMFEFE N, SA-AKTRY & A4 W3 . K LISK, Cys-
CHBEN I E B I AKTAR G o 7E— T4 75 162051k 23
i £ I TS PEBA A B9 b & B, ICUMHESE F8 5 1 Cys-
C/KV- 5 AKIWY & A FUBRAL A ™, 785 — Wit s b &
B, PCT/K-fai R R 3, T DRl 5 s K, HAR
BTWBCHT &, PCTTRIN AKIRHERA P T 2524 FEASHESY
H1, WBC> 10x10° L™ D KB i B PCT 4 SA- AKI A 37
fER 2, HIRATARXT —F i — R

25 TR, ARFFENA T 74E 352 3315 ICURKREAE
BTN GERRIL, FMs . WEHE L | IFAAE B S
BIGHRAE Z RN E RS SA-AKI &, T fifkix st
FE B PR 28 AT LA B B AR ARG R T AR 4 ey, it &
ESA-AKIL, 7E R 45 T BT 100, AIMiTeiess iR 5 0 Hils .

2 % x o

[1] SINGERM, DEUTSCHMAN CS, SEYMOUR C W, et al. The third
international consensus definitions for sepsis and septic shock (Sepsis-3).
JAMA, 2016, 315(8): 801-810.

[2] BAGSHAW SM, LAPINSKY S, DIALS, et al. Acute kidney injury in
septic shock: clinical outcomes and impact of duration of hypotension
prior to initiation of antimicrobial therapy. Intensive Care Med, 2009,
35(5): 871-881.

[3] YEGENAGA I, HOSTE E, VAN BIESEN W, et al. Clinical
characteristics of patients developing ARF due to sepsis/systemic
inflammatory response syndrome: results of a prospective study. Am J
Kidney Dis, 2004, 43(5): 817-824.

[4] BAGSHAW SM, UCHINO S, BELLOMO R, et al. Septic acute kidney
injury in critically ill patients: clinical characteristics and outcomes. Clin ]
Am Soc Nephrol, 2007, 2(3): 431-439.

[5] POSTON]JT,KOYNER]JL. Sepsis associated acute kidney injury. BMJ,
2019, 364: k4891[2020-03-14]. https://doi.org/10.1136/bm;j.k4891.

[6] BAGSHAW SM, GEORGE C, BELLOMO R. Early acute kidney injury
and sepsis: a multicentre evaluation. Crit Care, 2008, 12(2): R47[2020-03-
14]. https://doi.org/10.1186/cc6863.

[7] PARMAR A, LANGENBERG C, WANL, et al. Epidemiology of septic
acute kidney injury. Curr Drug Targets, 2009, 10(12): 1169-1178.

[8] BARBARSD, CLERE-JEHL R, BOURREDJEM A, et al. Timing of
renal-replacement therapy in patients with acute kidney injury and sepsis.
N Engl ] Med, 2018, 379(15): 1431-1442.

[9] KIMJS, KIMYJ, RYOO S M, et al. One-year progression and risk
factors for the development of chronic kidney disease in septic shock

patients with acute kidney injury: a single-centre retrospective cohort


http://dx.doi.org/10.1001/jama.2016.0287
http://dx.doi.org/10.1007/s00134-008-1367-2
http://dx.doi.org/10.1053/j.ajkd.2003.12.045
http://dx.doi.org/10.1053/j.ajkd.2003.12.045
http://dx.doi.org/10.2215/CJN.03681106
http://dx.doi.org/10.2215/CJN.03681106
http://dx.doi.org/10.1186/cc6863
http://dx.doi.org/10.2174/138945009789753183
http://dx.doi.org/10.1056/NEJMoa1803213
http://dx.doi.org/10.1001/jama.2016.0287
http://dx.doi.org/10.1007/s00134-008-1367-2
http://dx.doi.org/10.1053/j.ajkd.2003.12.045
http://dx.doi.org/10.1053/j.ajkd.2003.12.045
http://dx.doi.org/10.2215/CJN.03681106
http://dx.doi.org/10.2215/CJN.03681106
http://dx.doi.org/10.1186/cc6863
http://dx.doi.org/10.2174/138945009789753183
http://dx.doi.org/10.1056/NEJMoa1803213

%5 1] +*

R U MW b T R EAE SR R SR B A SE R R R

713

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

study. J Clin Med, 2018, 7(12): 554[2020-03-14]. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC6306914/. doi: 10.3390/jcm7120554.

YANG L, XING G, WANG L, et al. Acute kidney injury in China: a
cross-sectional survey. Lancet, 2015, 386(10002): 1465-1471.

SOVIK S, ISACHSEN M S, NORDHUUS K M, et al. Acute kidney
injury in trauma patients admitted to the ICU: a systematic review and
meta-analysis. Intensive Care Med, 2019, 45(4): 407-419.

BELL S, DEKKER F W, VADIVELOO T, et al. Risk of postoperative
acute kidney injury in patients undergoing orthopaedic surgery—
development and validation of a risk score and effect of acute kidney
injury on survival: observational cohort study. BMJ, 2015, 351:
h5639[2020-03-14]. https://doi.org/10.1136/bmj.h5639.

JIANG W, TENG ], XU]J, et al. Dynamic predictive scores for cardiac
surgery-associated acute kidney injury. ] Am Heart Assoc, 2016, 5(8):
€003754[2020-03-14].http://doi.org/10.1161/JAHA.116.003754

LONG T E, HELGASON D, HELGADOTTIR S, et al. Acute kidney
injury after abdominal surgery: incidence, risk factors, and outcome.
Anesth Analg, 2016, 122(6): 1912-1920.

SRISAWAT N, KULVICHIT W, MAHAMITRA N, et al. The
epidemiology and characteristics of acute kidney injury in the Southeast
Asia Intensive Care Unit: a prospective multicentre study. Nephrol Dial
Transplant, 2019, 12(10): 1169-1178.

PETEJOVA N, MARTINEK A. Acute kidney injury following acute
pancreatitis: a review. Biomed Pap Med Fac Univ Palacky Olomouc Czech
Repub, 2013, 157(2): 105-113.

ZHOUJ, LY, TANGY, et al. Effect of acute kidney injury on mortality

(18]

[19]

[20]

[21]

[22]

(23]

[24]

and hospital stay in patient with severe acute pancreatitis. Nephrology
(Carlton), 2015, 20(7): 485-491.
LINHY, LAIJI, LAIYC, et al. Acute renal failure in severe pancreatitis:
a population-based study. Ups ] Med Sci, 2011, 116(2): 155-159.
WIEDERMANN C J, WIEDERMANN W, JOANNIDIS M.
Hypoalbuminemia and acute kidney injury: a meta-analysis of
observational clinical studies. Intensive Care Med, 2010, 36(10):
1657-1665.
SUETRONG B, WALLEY K R. Lactic acidosis in sepsis: it's not all
anaerobic: implications for diagnosis and management. Chest, 2016,
149(1): 252-261.
HILTON P J, TAYLOR J, FORNI L G, et al. Bicarbonate-based
haemofiltration in the management of acute renal failure with lactic
acidosis. QJM, 1998, 91(4): 279-283.
MALHOTRA R, KASHANI K B, MACEDO E, et al. A risk prediction
score for acute kidney injury in the intensive care unit. Nephrol Dial
Transplant, 2017, 32(5): 814-822.
LEEM AY, PARKM S, PARK B H, et al. Value of serum cystatin ¢
measurement in the diagnosis of sepsis-induced kidney injury and
prediction of renal function recovery. Yonsei Med J, 2017, 58(3):
604-612.
NIE X, WU B, HEY, et al. Serum procalcitonin predicts development of
acute kidney injury in patients with suspected infection. Clin Chem Lab
Med, 2013, 51(8): 1655-1661.

(2019 - 10 — 150, 2020 — 02 - 20f& 1)

HE T


http://dx.doi.org/10.1016/S0140-6736(15)00344-X
http://dx.doi.org/10.1007/s00134-019-05535-y
http://dx.doi.org/10.1136/bmj.h5639
http://dx.doi.org/10.1213/ANE.0000000000001323
http://dx.doi.org/10.5507/bp.2013.048
http://dx.doi.org/10.5507/bp.2013.048
http://dx.doi.org/10.1111/nep.12439
http://dx.doi.org/10.1111/nep.12439
http://dx.doi.org/10.3109/03009734.2010.547636
http://dx.doi.org/10.1007/s00134-010-1928-z
http://dx.doi.org/10.1378/chest.15-1703
http://dx.doi.org/10.1093/qjmed/91.4.279
http://dx.doi.org/10.1093/ndt/gfx026
http://dx.doi.org/10.1093/ndt/gfx026
http://dx.doi.org/10.3349/ymj.2017.58.3.604
http://dx.doi.org/10.1016/S0140-6736(15)00344-X
http://dx.doi.org/10.1007/s00134-019-05535-y
http://dx.doi.org/10.1136/bmj.h5639
http://dx.doi.org/10.1213/ANE.0000000000001323
http://dx.doi.org/10.5507/bp.2013.048
http://dx.doi.org/10.5507/bp.2013.048
http://dx.doi.org/10.1111/nep.12439
http://dx.doi.org/10.1111/nep.12439
http://dx.doi.org/10.3109/03009734.2010.547636
http://dx.doi.org/10.1007/s00134-010-1928-z
http://dx.doi.org/10.1378/chest.15-1703
http://dx.doi.org/10.1093/qjmed/91.4.279
http://dx.doi.org/10.1093/ndt/gfx026
http://dx.doi.org/10.1093/ndt/gfx026
http://dx.doi.org/10.3349/ymj.2017.58.3.604
http://dx.doi.org/10.1016/S0140-6736(15)00344-X
http://dx.doi.org/10.1007/s00134-019-05535-y
http://dx.doi.org/10.1136/bmj.h5639
http://dx.doi.org/10.1213/ANE.0000000000001323
http://dx.doi.org/10.5507/bp.2013.048
http://dx.doi.org/10.5507/bp.2013.048
http://dx.doi.org/10.1111/nep.12439
http://dx.doi.org/10.1111/nep.12439
http://dx.doi.org/10.3109/03009734.2010.547636
http://dx.doi.org/10.1007/s00134-010-1928-z
http://dx.doi.org/10.1378/chest.15-1703
http://dx.doi.org/10.1093/qjmed/91.4.279
http://dx.doi.org/10.1093/ndt/gfx026
http://dx.doi.org/10.1093/ndt/gfx026
http://dx.doi.org/10.3349/ymj.2017.58.3.604

