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ABSTRACT Objective: To study the relationship between urine neutrophil gelatinase-associated lipid carrier protein (NGAL) levels
and renal artery resistance index (RRI), Acute physiology and chronic health evaluation system Il (APACHE 1I') score and 28 d mortality
in patients with sepsis complicated with acute kidney injury (AKI). Methods: 251 patients with sepsis admitted to our hospital from
February 2017 to December 2019 were included in the study, and divided into 116 patients in the AKI group and 135 patients in the non
AKI group according to whether AKI had occurred. The two groups of urine NGAL levels, RRI, APACHE Il score were tested and com-
pared. Pearson correlation analysis was used to analyze the relationship between urine NGAL level and RRI, APACHE II score In addi-
tion, patients in the AKI group were divided into the death group with 32 cases and the survival group with 84 cases according to whether
they died at 28 d follow-up. Urine NGAL levels, baseline data and sequential organ failure (SOFA) scores and laboratory indicators were
compared between the two groups, and the relationship between 28 d mortality and related factors in patients with sepsis complicated
with AKI was analyzed by multivariate Logistic regression. Results: The urine NGAL level, RRI, APACHE II score in AKI group were
significantly higher than those in non AKI group (all P<0.05). The Pearson correlation analysis showed that urine NGAL levels and RRI,
APACHE I scores were positively correlated(all P<0.05). The proportion of patients with AKI stage 2~3 in death group was higher than
that in survival group, and SOFA score, APACHE Il score, urine NGAL and urinary kidney injury molecule - 1 (Kim-1) levels were high-
er than those in survival group, and urinary bladder inhibition C(CysC) level was lower than that in survival group(all P<0.05). Multivari-
ate Logistic regression analysis showed that AKI stage 2~3, SOFA score, APACHE II score, urine NGAL and urine Kim-1 were the risk
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factors of 28 d death in patients with sepsis complicated with AKI, while urinary CysC was the protective factor (all P<0.05). Conclusion:

Urine NGAL is highly expressed in patients with sepsis complicated with AKI, and it is closely related to RRI, APACHE Il score and

28d mortality.
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Table I Comparison of urine NGAL level, RRT and APACHEII score between the two groups(xt s)

Groups n Urine NGAL(ng/mL) RRI APACHE Il score( scores )
AKI group 116 91.27+ 30.59 0.73+ 0.08 27.61+ 3.22
Non AKI group 135 60.48+ 14.67 0.55+ 0.04 24.58+ 2.83
t - 10.389 23.013 7.934
P - 0.000 0.000 0.000
% 2 FRifi NGAL 7k 5 RRI,APACHE Il {4y By#H & 5> 47
Table 2 Correlation analysis of urine NGAL level and RRI, APACHEII score
Urine NGAL level
Related indicators
P
RRI 0.613 0.000
APACHEII score 0.629 0.000

3 RTHSTFEERRK NGAL 7k BELHHL L SOFA 15 UK K EIRFRXTLL

Table 3 Comparison of urine NGAL level, baseline data, SOFA score and laboratory indicators between death group and survival group

Items Death group (n=32)  Survival group(n=84) Xt P
Male 19(59.38) 46(54.76) 0.200 0.655
Gender
Female 13(40.62) 38(45.24)
<50 15(46.88) 50(59.52) 1.505 0.220
Age (years)
=2 50 17(53.12) 34(40.48)
Stage 1 10(31.25) 55(65.48) 11.018 0.001
AKI staging
Stage 2~3 22(68.75) 29(34.52)
SOFA score (scores) 12.05+ 2.34 9.02+ 1.97 7.022 0.000
Urine NGAL(ng/mL) 112.34+ 35.47 83.87+ 26.34 4.708 0.000
RRI 0.82+ 0.10 0.69% 0.07 7.892 0.000
APACHE Il score (scores) 30.62+ 4.22 26.58+ 3.10 5.652 0.000
Urinary Kim-1( wg/L) 84.22+ 15.29 40.83%+ 10.83 17.113 0.000
Urinary CysC(mg/L) 2.10+ 0.42 6.73t 1.32 19.424 0.000
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Table 4 Multivariate Logistic regression analysis of influencing factors of 28 d death in patients with sepsis complicated with AKI

Risk factors Regression coefficient Standard error P OR 95%ClI
AKI Stage 2~3 4.051 2.745 0.013 1.441 1.032~2.075
SOFA score 3.184 3.273 0.000 1.304 1.105~3.311
Urine NGAL 2277 2.630 0.008 2.276 1.973~2.236
RRI 1.989 3.106 0.021 1.157 1.047~1.537
APACHE Il score 2.733 2.475 0.001 2.345 2.015~3.344
Urinary Kim-1 3.284 3.185 0.000 2.873 2.455~3.945
Urinary CysC 0.155 0.123 0.003 0.822 0.712~0.955

Constant term -5.253 2.301 0.002 0.001 -

5 (HATTE AKI A (18 L300 B s s b e 200 v 3Rk, 2

PR NGAL (82K, PRI AT F 4 S e B 40 0 1 e s A

JEP A RRIZ 2K AKTBYACTBE, HAT A A
TCBAEAF L, HRBB A 1 it WL 5 2H 2 i 8 Ao | L oA

N TR B5 T 55, ARG IR AKT iSRS 2Rk E2 2,

APACHE IT P43 ) J2: F i FH APPAR fs 2 F0 £ 2 15 ™ o A

JERIIEIr RGEZ — , TR R 2 UL T £ 2 JAE AT Y

Tifg 0, PRI, IR NGAL 7KF- 5 RRI,APACHE

[P R AEAR DG, IX 478 1 R PREEPR AR bl ad i 15 4

I _E 3R A T bR SN AKL, ASHFSEiR & B AKT 734 2~3

1] SOFA 143 . APACHE Il 143 L) S JRIENGAL . R Kim-1

RMERAEAIT AKT A 28d JET-IYfER KR, MR CysC iy H:

PRI ER . FEHRE I AT RERFEE AKI 232 K SOFA #145 |

APACHE 1373 i Ty , B B I AR B ™ 5, I R TR T

MERER 7 , B #5022 - NGAL Ji TR 1 2 —, ald g Al

PR I RSN 5 5 R E R A BILIRS Rk D B

JUE S SR M A O I, i i s T, AN S BUR M

NGAL ¥k b T, Kim-1 /E A5 R I 2 11 2 —  TEAE R A

T AKI (T s B /N b R 2, HHK P IR 2 i o R

PR S5 R R B SR, B LR KF AR T T v, e 1 AR

R I, S BURE BUS A R o CysC |z fifE AR Z

Pl A, ELTEIE Hh/INE N 255, AT B/ Bkeb 1 e i

i, A HF RS A0 AKT AR, JR CysC ¥R BEREAR, HAKF

B AROBR AT ., T S8 i 7 B ™ o, U AR R
25 FRTIR, PRI NGAL TEIRTEAE ST AKI 3% rhfE7E W]

535k, H M RRI,APACHE 11743 & 28d % 4E %285 LI AH 5,

{EAR IR ARG

£ % 3T ik ( References)

[1] Gameiro J, Gongalves M, Pereira M, et al. Obesity, acute kidney injury
and mortality in patients with sepsis: a cohort analysis [J]. Ren Fail,
2018, 40(1): 120-126

[2] Peerapornratana S, Manrique-Caballero CL, Gémez H, et al. Acute
kidney injury from sepsis: current concepts, epidemiology, patho-
physiology, prevention and treatment [J]. Kidney Int, 2019, 96 (5):
1083-1099

[3] Romagnoli S, Ricci Z, Ronco C. Perioperative Acute Kidney Injury:

Prevention, Early Recognition, and Supportive Measures[J]. Nephron,

2018, 140(2): 105-110

[4] Huang HF, Zhou JY, Chen JH. Biomarkers for Early Diagnosis of A-
cute Kidney Injury: Current Progress and Clinical Prospects [J]. Curr
Protein Pept Sci, 2017, 18(12): 1205-1210

[5] Li H, Xu Q, Wang Y, et al. Serum neutrophil gelatinase-associated
lipocalin (NGAL) as a biomarker for predicting high dose methotrex-
ate associated acute kidney injury in children with acute lymphoblas-
tic leukemia[J]. Cancer Chemother Pharmacol, 2020, 85(1): 95-103

[6] Zafar Mohtashami A, Hadian B, Mahmoudi GA, et al. The Application
of Urinary NGAL Measurement for Early Detection of AKI in Hospi-
talized Patients with Poisoning [J]. Iran J Kidney Dis, 2020, 14(3):
206-211

[7] Bellos I, Perrea DN, Kontzoglou K. Renal resistive index as a predic-
tive factor of delayed graft function: A meta-analysis [J]. Transplant
Rev (Orlando), 2019, 33(3): 145-153

[8] Solini A, Seghieri M, Santini E, et al. Renal Resistive Index Predicts
Post-Bariatric Surgery Renal Outcome in Nondiabetic Individuals
with Severe Obesity[J]. Obesity (Silver Spring), 2019, 27(1): 68-74

[9] Godinjak A, Iglica A, Rama A, et al. Predictive value of SAPS II and
APACHE 1I scoring systems for patient outcome in a medical inten-
sive care unit[J]. Acta Med Acad, 2016, 45(2): 97-103

[10] Dellinger RP, Levy MM, Rhodes A, et al. Surviving sepsis campaign:
international guidelines for management of severe sepsis and septic
shock: 2012[J]. Crit Care Med, 2013, 41(2): 580-637

[11] Kellum JA. Diagnostic Criteria for Acute Kidney Injury: Present and
Future[J]. Crit Care Clin, 2015, 31(4): 621-632

[12] Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related Or-
gan Failure Assessment) score to describe organdysfunction/failure.
On behalf of the Working Group on Sepsis-RelatedProblems of the
European Society of Intensive Care Medicine[J]. Intensive Care Med,
1996, 22(7): 707-710

[13] Knaus WA, Draper EA, Wagner DP, et al. APACHE II: a severity of
disease classification system[J]. Crit Care Med, 1985, 13(10): 818-829

[14] Hunt A. Sepsis: an overview of the signs, symptoms, diagnosis, treat-
ment and pathophysiology[J]. Emerg Nurse, 2019, 27(5): 32-41

[15] Skube SJ, Katz SA, Chipman JG, et al. Acute Kidney Injury and Sep-
sis[J]. Surg Infect (Larchmt), 2018, 19(2): 216-224

[16] Godin M, Murray P, Mehta RL. Clinical approach to the patient with
AKI and sepsis[J]. Semin Nephrol, 2015, 35(1): 12-22



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol21 NO.15 AUG.2021

- 2901 -

[17] Gomez H, Kellum JA. Sepsis-induced acute kidney injury [J]. Curr
Opin Crit Care, 2016, 22(6): 546-553

(18] AxHr, W e e, 23, & IR Ak JF A &0 B 4045 09 BT B & 47
5B uI]. P 4 T SHE 4, 2013, 25(9): 542-545

[19] Katayama S, Nunomiya S, Koyama K, et al. Markers of acute kidney
injury in patients with sepsis: the role of soluble thrombomodulin[J].
Crit Care, 2017, 21(1): 229

[20] Zhang Z. Biomarkers, diagnosis and management of sepsis-induced
acute kidneyinjury: a narrative review[J]. Heart Lung Vessel, 2015, 7
(1): 64-73

[21] Schaalan M, Mohamed W. Predictive ability of circulating osteopro-
tegerin as a novel biomarker for earlydetection of acute kidney injury
induced by sepsis[J]. Eur Cytokine Netw, 2017, 28(2): 52-62

[22] Akai T, Naka K, Yoshikawa C, et al. Salivary urea nitrogen as an in-
dex to renal function: a test-strip method [J]. Clin Chem, 1983, 29
(10): 1825-1827

[23] Perrone RD, Madias NE, Levey AS. Serum creatinine as an index of
renal function: new insights into old concepts [J]. Clin Chem, 1992,
38(10): 1933-1953

[24] E &%, m4R, 5 %ms, . KDIGO 47 /£ APACHEIIl 5 SOFA %
o SR A AV ARG B R TS R [J]. P B EME £, 2013,

33(6): 499-502
[25] Tornblom S, Nisula S, Petijia L, et al. Urine NGAL as a biomarker for
septic AKI: a critical appraisal of clinical utility-data from the obser-
vational FINNAKI study[J]. Ann Intensive Care, 2020, 10(1): 51-52
[26] Lumlertgul N, Amprai M, Tachaboon S, et al. Urine Neu trophil
Gelatinase-associated Lipocalin (NGAL) for Prediction of Persistent
AKI and Major Adverse Kidney Events [J]. Sci Rep, 2020, 10(1):
8718-8719
ARG, X E, B, . A BN TR BRI A 58 IR A A S
B BB & P AR A [T]. Bl R L K F IR (E FHR), 2018,
15(3): 116-119
Boddi M, Bonizzoli M, Chiostri M, et al. Renal Resistive Index and

[27

—

[28

=

mortality in critical patients with acute kidney injury[J]. Eur J Clin In-
vest, 2016, 46(3): 242-251

[29] EUA, 7hm A, RiXAE, % . fk NGAL KIM-1 B4 APACHE Il %
TR MR A IR 2t B 445 B TG 0 R[] 16 R B MR 2
&, 2019, 19(5): 322-325

[30] Martos-Benitez FD, Cordero-Escobar I, Soto-Garcia A, et al. A-
PACHE 11 score for critically ill patients with a solid tumor: A reclas-
sification study[J]. Rev Esp Anestesiol Reanim, 2018, 65(8): 447-455

(325 2981 1)

[26] Adnan F. The Effect of Treatment with Glucophage or Gliben-
clamide, Alone or in Combination on the Serum Visfatin Level in
Type 2 Diabetic Patients [J]. International Journal of Pharmaceutical
Sciences Review & Research, 2017, 45(2): 228-230

271 &%, 3Rk, 4P 26 5. B4R 42 o bE 4 B R 09 2 A ROR &
F ¥k Fheg =5 eal]. b & E 25, 2020, 60(14): 48-50

[28] Yang Z, Dong J, Zhang JT. Clinical evaluation and analysis of
dagliquin in patients with type 2 diabetes mellitus complicated with
cardiac dysfunction[J]. Chongqing Med, 2019, 48(16): 2861-2863

[29] Hallow KM, Greasley PJ, Helmlinger G, et al. Evaluation of renal
and cardiovascular protection mechanisms of SGLT?2 inhibitors: mod-
el-based analysis of clinical data [J]. Am J Physiol Renal Physiol,
2018, 315(5): 1295-1306

[30] Ku EJ, Lee DH, Jeon HIJ, et al. Empagliflozin versus dapagliflozin in

patients with type 2 diabetes inadequately controlled with metformin,

glimepiride and dipeptidyl peptide 4 inhibitors: A 52-week prospec-
tive observational study[J]. Diabetes Research Clinical Practice, 2019,
151: 65-73

[31] Zhuravleva MV, Tereshchenko SN, Zhirov IV, et al. Effect of da-
pagliflozin in patients with heart failure on reducing cardiovascular
mortality in federal project on the prevention of cardiovascular dis-
eases[J]. Russian Journal of Cardiology, 2020, 25(10): e4142

[32] Prattichizzo F, Nigris VD, Micheloni S, et al. Increases in circulating

—

levels of ketone bodies and cardiovascular protection with SGLT?2 in-

hibitors: Is low-grade inflammation the neglected component?[J]. Di-

abetes Obes Metab, 2018, 20(11): 2515-2522

WE, B4, REEF. BTN EE 2 BB ARSI SHRALE

F P R 6l KA AT[J]. R E 5, 2019, 48(16): 2861-2863

[34] sLweik, #8E 2. SGLT-2 ) A B A MLIEHE & 77 * 2 B4R SRR
B E AR AR a[I]. EHE S, 2019, 41(1): 42-46

133

[y



