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[(WE] BH HTE K I85(RRD S5 R M B 5K R (UAGT ) AR BEAE S b B B0 (AKTD) 2
Wr . 773 SRTETBETERRST 7 vk, 269% 2021 4E 1 H 2 9 H T BERI R M B B T B2 RHsoA Y 78 171
JHeREIE R . AR 1 RIS &R AKL; Je 3885 1) — Mokt CHE AR | B35 50 (BMI), £ 2L,
RO fEFRE AR ETEAY ), 5236 Z 545 SN (MAP), FPat# kT (CVP). 45 % 5 (PCT). L FLH2 (Lac)
A5 ) MUBEGE SR ) e S WA By (TCU) 15 B[] 5 75 R IR 31 ) 2A A Ja AT B U A e s e, 8 AL ICU
24 h N RRL; T2 B ZIBURBAEAS , 2R F RIS e W 86 (ELISA) R UAGT /KF. &A= SR kA AKL
WAL b FRbRI 225 5 SRIIZ R 2 Logistic RIHBTIEREAE B8 2 d: AKL TGRS R 2 5 23218 TAE
FRIEMZ (ROC HhE), S HTAH DA AR X IEEEAE AKT I TR (. R HZIL 78 FlRE M AT, Hor 45 )
KA AKLL 33 filA LA AKL SHE AKT 2 R, AKT 2835 MG 25 B R | 28 d JRAER | 7 LA B s 1T
3 (SOFA ), Atk 2 518k Bek it 3745 [T (APACHE 1), PCT. Lac . RRI X UAGT 45 2 FF e ( A8 75 k24
Y . 68.9% I 39.4%, 28 d F5HEHE : 48.9% L 24.2% , SOFA P43 (43) : 12.0(10.5, 14.0) It 8.0(7.0, 10.0),
APACHE I 343 (43):22.0(18.0,27.5) £ 16.0(15.0, 18.5), PCT (ug/.): 12.5+2.6 [£ 10.9+2.8, Lac (mmol/L):2.6
(1.9,3.4)1£1.9(1.3,2.6),RRI: 0.74 +0.03 |1, 0.72 £ 0.02, UAGT(pig/L): 75.16 + 19.99 |+, 46.28 +20.75, 3] P<0.05 },
HUBEIE SRR TCU 3= e st 18] BH S 48 4 (AU < TE] (d) 2 8.0(7.0, 12.0) 1t 5.0 (4.0,6.0), ICU fH:Ber(a] (d) :
14.0(10.0, 16.0) tk. 9.0(8.0, 11.5),%4 P<<0.01 J, MAP JU @ B { mmHg (1 mmHg~0.133 kPa) : 68.5+11.2 [t
7424128, P<0.05) ; WitH HoAb 8 bR le i 22 R 0G24 7 Lo 2 & Logistic [FHEAMT 8%, SOFA $E4>
(Lt (OR) =2.088,95% A {5 X 7] (95%CI) N 1.322~ 3.299 ), APACHE Il ¥/ (OR=1.447,95%CI }y 1.134 ~
1.845). RRI(OR=1.432, 95%CI 2} 1.103 ~1.859) X UAGT (OR=1.077, 95%CI 25.1.035 ~ 1.121 ) ¥ 2 ik FEhE
FRA AKL BIST fER R 2 (3 P<0.01) ; ROC IR AT R , SOFA 4> APACHE TL#¥4> . RRL, UAGT X
FHIE AKI B8 —ETINME, ROC thE T HFL(AUC) 435124 0.814 (95%CT K 0.716 ~0.912). 0.804 (95%CI N
0.708 ~ 0.901). 0.789(95%CI >~ 0.690 ~ 0.888 ). 0.840(95%CI 4 0.747 ~ 0.934), H RRIEt 5 UAGT 1 AUC 24 0.912
(95%CI }9 0.849 ~ 0.974), AT RAEfi[ So—F5 550 AUC(H P<0.05). Z5i8 RRIEES UAGT Xf#E AKI 2
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[Abstract] Objective To investigate the value of renal artery resistance index (RRI) and urinary
angiotensinogen (UAGT) in the early diagnosis of acute kidney injury (AKI) in patients with sepsis. Methods A
prospective study was conducted. Seventy-eight patients with sepsis admitted to the department of critical care
medicine of General Hospital of Ningxia Medical University from January to September 2021 were enrolled. Patients
were observed for the development of AKI within 1 week. General data [gender, age, body mass index (BMI), major
infection sites and critical illness related scores], laboratory indicators [mean arterial pressure (MAP), central venous

pressure (CVP), procalcitonin (PCT), arterial blood lactic acid (Lac), etc.], duration of mechanical ventilation and
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length of intensive care unit (ICU) stay were recorded. After hemodynamic stabilization of the patients, renal ultrasound
was performed to measure the RRI within 24 hours after ICU admission. Urine samples were taken immediately after
diagnosis, and the level of UAGT was detected by enzyme-linked immunosorbent assay (ELISA). The above parameters
were compared between the two groups. Multivariate Logistic regression was used to analyze the risk factors of AKI
in patients with sepsis. Receiver operator characteristic curve (ROC curve) was drawn to analyze the predictive value
of related indicators for AKI in sepsis. Results A total of 78 patients were finally enrolled, of which 45 developed
AKI and 33 did not. Compared with the non-AKI group, the rates of vasoactive drugs use, 28-day mortality, sequential
organ failure assessment (SOFA) score, acute physiology and chronic health evaluation II (APACHE II') score, PCT,
Lac, RRI and UAGT were significantly higher in the AKI group [rates of vasoactive drugs use: 68.9% vs. 39.4%, 28-day
mortality: 48.9% vs. 24.2%, SOFA score: 12.0 (10.5, 14.0) vs. 8.0 (7.0, 10.0), APACHE II score: 22.0 (18.0, 27.5) vs.
16.0 (15.0, 18.5), PCT (ug/L): 12.5+2.6 vs. 10.9+2.8, Lac (mmol/L): 2.6 (1.9, 3.4) vs. 1.9 (1.3, 2.6), RRI: 0.74 +0.03
vs. 0.72£0.02, UAGT (ug/L): 75.16+£19.99 vs. 46.28 £20.75, all P < 0.05], the duration of mechanical ventilation
and the length of ICU stay were significantly prolonged [duration of mechanical ventilation (days): 8.0 (7.0, 12.0) vs.
5.0 (4.0, 6.0), length of ICU stay (days): 14.0 (10.0, 16.0) vs. 9.0 (8.0, 11.5), both P < 0.01], and MAP was significantly
lowered [mmHg (1 mmHg =~ 0.133 kPa): 68.5+11.2 vs. 74.2+£12.8, P < 0.05]. There was no significant difference
in other parameters between the two groups. Multivariate Logistic regression analysis showed that SOFA score [odds
ratio (OR) = 2.088, 95% confidence interval (95%CI) was 1.322-3.299], APACHE Il score (OR = 1.447, 95%CI was
1.134-1.845), RRI (OR = 1.432, 95%CI was 1.103-1.859), and UAGT (OR = 1.077, 95%CI was 1.035-1.121) were
independent risk factors for sepsis complicated with AKI (all P < 0.01). ROC curve analysis showed that SOFA score,
APACHE II score, RRI and UAGT had certain predictive value for AKI in septic patients, the area under the ROC
curve (AUC) were 0.814 (95%CI was 0.716-0.912), 0.804 (95%CI was 0.708=0.901), 0.789 (95%CI was 0.690-0.888),
and 0.840 (95%CI was 0.747-0.934), respectively, and the AUC of RRI combined with UAGT was 0.912 (95%CI was
0.849-0.974), which was better than the above single index (all P < 0.05). ~Conclusion RRI combined with UAGT
has a high early predictive value for septic AKIL.
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BMI), = BURGLERAL | f& FAEADCPE 3 ) S i % 48
#r (35 F 30 k& (mean arterial pressure, MAP),
0Pk (central venous pressure, CVP). [F485 &R
(procalcitonin, PCT), Il FLAZ (lactic acid, Lac). Ifl.%
A AR AT ), T 10 5 8 HLAGE U [E) #1 ICU
TEBERS E] . WA B E ARG 1 NS RA: AKL 453
i AKT 24 IR AKT 41,

122 RRIJAE: A ICU 24 h P, F5 B B 80 g
FhAE R T IR AT B IR P A A . N 25 e e
BRI R [A) Sl ks Rk I 3 U, -S4 1E,
RRIIEH 2% (A FY 0.58 ~ 0.64.

1.2.3  UAGT # . T2 R 2R 18 35 PR HE A
5~ 6 mL, L 20 min JEHUEFRZY LmL, -80 “CIK
FEIRAE = IR & (VISR MR AT IR A R
UL 20 R, SR PRI S M B 5 (enzyme-linked
immunosorbent assay, ELISA) £ UAGT /K°F .

13 Giit=#05 ik 4 SPSS 22.0 e kA T 4t
AN G3AT  Fext i BORNEA T IE ARG ER , TEZS )
ARYTHEGORIAEL + drifie (x +5) s, 1A L
BRI AGH 3 I A5 B 22 A SF T BORHEA
B (M R BO M (Q Qu) )2, AL TA EEECRH
Mann-Whitney U #3450, THECZORHU LUTEL (A 43 18D
Fon, AR HCECR AT x * K8 . SR 2 [ 3 Logistic
] U= 75 53 B M B AKT B9 A IR 38 o 2 il 52 1

TAEEF M ZR (receiver operator characteristic curve,
ROC HHZk), PR AT G 5 PR 20T BEAE AKT B T
k. P<0.05 WESFHEAGIHRE L,

2 % B

2.1 WA BTORHEER (R 1) AN A T8 B,
A 55 B, Lk 23 ] 5 AF % (63.0+16.1) % ; Horp
45 Bl 1 N &4 AKI, 33 ik &4 AKL, 53k
AKI ZHAR LY, AKT 41585 A TS PR FH 3 L 28 d
WGILR | P SR B 43 (sequential organ failure
assessment, SOFA )., 214 A: B 24 5518 P fdt Btk 0 1T
431l (acute physiology and chronic health evaluation II
APACHE 1), PCT £ Lac 7KF-BA 2 F =5 , HUAGE S
[ 1 1CU AEBE ] BA 454, MAP B S F#AIC, 25 5%
WA G X (B P<0.05); WZH o F5 b5 H A 2%
SIS R L (B P>0.05),

2.2 PH4] RRI Al UAGT Ee& (% 1): 59E AKT 411
B, AKT 412 RRI M UAGT & 7HE (14 P<0.01),
2.3 MRERIE AKI fEb R Z R 4 (R 2) : LU
S I IS 259 . SOFA 143 . APACHE 1T 3
43 MAP PCT . Lac . RRI J2 UAGT A AL i, S5 A
A MEGEIE AKL RS R (R =1, % =0), T2 R &K
Logistic M4, 255 7R , SOFA 743 . APACHE 1T
P43 RRI A UAGT #4128 e dE 8 3 & A AKT A
SEERE R 2R (3 P<0.01).

%=1 3EAKI 5 AKI MARSIESREIGRERIEE

- 2k JEAKI4  AKI4H  x 7/ P sk SN I AKT 4 AKT 21 ZIi P
(n=78) (n=33) (n=45) Z{H (n=178) (n=33) (n=45)

FECHI(%))  55(70.5)  23(69.7)  32(71.1) 0.018  0.892| [ AHLAGHIIA] 7.0 5.0 8.0 5599 <0.001
RS (2, x+s)  63.0+16.1 60.0=17.4 653+14.8 1460 0.148|| (d,M(Q,,0,)]) (50,83) = (40,60) (7.0,12.0) ~~ ’
BMI(kg/m’, x+s) 23.6+29 234431 237428 0333 0.740(| ICU fERzmfa 11.5 9.0 14.0 P
F BRI (d,M(Q.,Q,)) (80,153) (80,11.5) (10.0,16.0) :
(fil(%)) HR (YK /min, x+s) 1182+19.7 1159+17.6 120.0+21.1 0903 0.370
LR ESN 18(23.1)  7(21.2) 11(244) 0.112 0738 | MAP(mmHg,x+s) 70.9+122 742+128 685+11.2 -2.060 0.043
WIRZR S 16(20.5)  6(182) 10(222) 0.191 0.662|| CVP [ mmHg, 13.0 12.0 13.0 0978 0328
g 28(359) 14(424) 14(31.1) 1.059 0303 M(Q., Q)] (11.0,15.0) (10.5,14.0) (11.0,16.0) :
IMEFRGE 10(12.8)  4(12.1)  6(13.3) 0025 0874 |PCT(ug/L,x+s) 11.8+28  109+28 125426 2463 0016
Aty 6( 7.7)  2( 61) 4( 89) 0214 0.643 | WBC [ x10L, 12.0 11.6 12.8 L016 0,309
B2 M(564) 13(394) 31(689) 6736 0.009 M(QL_,QL)] (8.1,17.1)  (74,158) (85,17.9)

(H1(%)) Neut% (x +35) 0.844 +0.068 0.847 +0.072 0.842+0.066 -0.304  0.762
28 d JEHIEH Lac [ mmol/L, 2.2 1.9 2.6

(% (B1)) 385(30)  242(8)  489(22) 4.886 0.027 M0, 00)) (16.32)  (13.26) (19.34) 2733 0006
SOFA (4}, 11.0 8.0 12.0 Pa0,/Fi0,

M(0L00) (80,130 (70.100) (105, 140) 4748 <0.001 (mmHg, 35) 218.1+702 2287+723 2103+683 -1.148 0254
APACHE I (4%,  19.0 16.0 20 cr o001 RRI(x£s) 0.73+£0.03 0.72+£0.02 0.74+0.03  4.360 <0.001
M(Q.,Q,))  (16.0,250) (15.0,18.5) (18.0,27.5) ’ UAGT (ug/L, x+5) 62.94+24.77 46.28+20.75 75.16+19.99 6.203 <0.001

1 AKT 2B 05, BMI AR50, SOFA )3 88 B Wil iFsr, APACHE 11 R 2otk AE B2 S8 M BeRBLIT/3 T, ICU S EAE
WEPss s, HR 038, MAP R P 3k, CVP o Hub EilkE , PCT SRS 2 I, WBC R AN T, Neut% Sy R ANAE He 1], Lac Ry I FLAR
Pa0,/Fi0, HEATEE, RRT B SIKFE 14850, UAGT MR I E KK 5 | mmHg~0.133 kPa
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®2 KREEBERE AKI EREZRH

% [F 2 Logistic E)3 447

Eitan BE s» xMA P ORMH 95%CI

il M

2 1.004 0.726 1910 0.167 2.729 0.657 ~ 11.335
SOFA 0.736 0.233 9951 0.002 2.088 1.322~ 3.299
APACHE I 0369 0.124 8.864 0.003 1.447 1.134~ 1.845
MAP -0.014 0.040 0.121 0.728 0.986 0.912~ 1.066
PCT 0.045 0.161 0.077 0.781 1.046 0.762~ 1.435
Lac 0.547 0377 2.106 0.147 1.728 0.826 ~ 3.615
RRI 0.359 0.133  7.278 0.007 1.432 1.103~ 1.859
UAGT 0.074 0.020 13.214 <0.001 1.077 1.035~ 1.121

1 AKT A 2PE B4, SOFA P SRS B 5381793, APACHE 1T

Sy B SRS T, MAP X BIIKIE, PCT K
W5 225, Lac WIMFLIR , RRI o 1 SIKBL A 3550, UAGT o FRIAS 5
I OR HEIEL, 95%CI 4 95% T {=1X [A]
2.4 ROC fthgksr#r (2 3; 8 1):SOFA . APACHE T
P43 . RRI A UAGT X ik B E AKIL Y945 T 18
Hib RRIBES UAGT 19 ROC 2k T (area under
the ROC curve, AUC) 4 0.912, Tz i IH A T I
ATATFEBR AR T Y AUC () P<<0.05),

®3 KBEBERE AKI ZFTURL BERER

BYhEER A M A B M E
BURE R fefE

"
R AUC 9swCl oy g it D
SOFA 0.814% 0.716 ~0.912 75567879 10.0 <0.001
APACHE I 0.804% 0.708 ~0.901 73.33 75.76 18.0 <0.001
RRI 0.789% 0.690 ~0.888 66.67 84.85 0.74 <0.001
UAGT 0.840% 0.747 ~0.934 88.89 72.73 54.75 <0.001

RRI+UAGT 0.912 0.849~0974 9333 78.79 <0.001
T AKL R 2 PE B S, SOFA N 7 5T 3% B 508 10y , APACHE 1T
b SR REIROU IS T, RRI K B SR 71785, UAGT
N PRI BRI, AUC K28 # TAERHE 2 FIEHL, 95%C1 K
95% {5 IX ] ; 5 RRI+UAGT LL#, *P<0.05 ; 25 AR T

1.00

0.80

SOFALF5y (AUC=0.814)
APACHET5y (AUC=0.804)
0.20 B — RRI (AUC=0.789)

— UAGT (AUC=0.840)

— RRI+UAGT (AUC=0.912)
— %%
1 1 1 1 J

0 0.20 0.40 0.60 0.80 1.00
1— e
L AKT N 2R B0, ROC #hER 2 TARRRE AR 2R,
SOFA NF 8 B W PE4) , APACHE 11 0 2t piing
SRR AT 1T, RRI S S KBE 1955,
UAGT AR INAE B3k E 5, AUC A ROC #hE 1A
1 MEERFERAE AK AT EREE
FAIRERER A FUIAY ROC HHER

3 3 it

i B E T BRI 9 PR TR0 “ A fiE IR 2%
TEEAS B DIRERENG , & ICU R FET- R =B R A 1
' I PRI i R AR B AR AR 5 9 R %, 7E ICU
25 50% 11 AKI B AT REJE: Hh MEEEIE B | RS Y, ] sf e
BEAE AN AKT 2 A EL ], 0 25 A8 5 H O A5G L 38
FAER N AR AKT 9 5E R BE AU T
Rz SRl RE , T 5 AKL IS 1 2 28 B DI RE R fs
ORI AT ST SR, MEHEIE AKT 4 28 dJsE3 R
48.9% ,4E AKI 4 28 d fi5AEF K 24.2%, AKI 4 SOFA
PEA A APACHE T PE4r35%5¢4E AKT 240 B B T, AL
B S FTRLAT TCU A B 4 E AKT 4B B AT K
P RREEAE AKI 89 1 30 7™ o, HL 7R A T3k
AKI B, A AKL I BREEIE B 3 BAT 522 T
S s BN 125 R AT A A

JHREFAE AKT I PR 22 A 5 B2 5T Y [ L, A
B HRER AL | e s 17 R RS A 18 it A% 3 <7 6 6 [
EN SN R il o (TP N R = 1| % = S AW R AR IR PSS e
TR B SERES R . ERT, B IERAE AKT Y
TABATESRATAE— 2 PRI , FCR 43 B 3 70 st = i mT
CLZE R AKL, WG IRIAY FEe kT ™ S A Bk o Xt
AKT PEA T R EUNA R A e S AR IR T AR A T 5
A , T L AT LAVSRES B R 1 fr 4, BRAIR e i
P T A AR 1T RT3 T SCr R 22 A2 W
AR R R, A HE L IE 5 M 1 B SRS K
PEERFERE, TR WIS W, A A A A2 W A ST
U, 5 950 19 R 300 I A0 e 7 S8R 88 A 1 i 2 A
Yk Yok ol L. T REE R AKT MERAYSh
SRR BURRE G 2 i 2 O A B
SRlF o MRERRE AKT ISR A0 35 52 24 1 RAE S . 5
B /INE PN T BEAS R AR G A AROHE B A 2 I 1o AR
AR BRI R, A 2 R R A A
vk g5 BRABY 475 22 115 2o A7 A I3 80 0 2 7 T 1 R
AR 3 A AR R I 3 B ) 2 B AR A B R A — e A
JE b 2B R R s

A S — A G R 7 B HL 2 A B RS A A, ]
DARR I 5 B R4 T 2R B R BT TARE PR3 12
T FH , T AR 55 P AR WU el A R i T GO
AR YT PO R, AT SE RSS2 IERE T, il
B ST B RS PPN R BT RE
) X, ORI 2 M 7R VR 22 B IE R AT ICU h
FHF DAL B IEREE . RRI Sl B8 7 (R FH 223
BT L9 T R A T — B sk (B % S AN i (R 422 3K
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PR AR, 7E— 2 30 B N AT DA 4 s e 5 1 L
5 0 G AR AR 5 o DNRERI A R 136, RRI
WA ] R 37 A RE S | I 9 AS T RO 1 T
B A2 B0 5 B B F R Y R A G sk
TSt SN A R A5 22 b R 2 S, R R SR PR 5
RS TE B TR AT 73 Kajal 2505 A BT PE BT
FEFRE AR RRI BB 32 etk sh ik 55 B A AR
BEARG A AKL A8 7 F0 P 7, RETXT T RRI
)8 FLIEAL BB B 11 B R — 25452405 , WT LA o sk
G Al FH B B 25 W RIAE R T AR DK B 1 PR A e
FeAACOT- S B 11— (4 B EHA . Wiersema 25010
XPRFELTE AKL G AT RIS PR S 9E & B, RRT
P AKI 2 E A R . A58 ROC Hh 2534 i
7, RRI BBk FAE AKT 59 AUC N 0.789, B —7&
WM, T B MR ERE A & A4 AKT RS fa s
P, HA R A (E

UAGT 2 —F i 2 15 B0 ' 7 RAS 19T
RIA=Mibr W), HoKF B 2 90E 5 5 i Sk %
JE %) 35 R 2 35 A it A 6 e 3 T G 328 S I R 4 22 1
ST B MR IRIE T UAGT 5 5 Mk
W Z AR ARG B R 1 UAGT J&— A 7
F 30 245 0 T B U T Sh AN T B 1 AR A R
AR, UAGT 78 LR HIERe h T+, vl g5
RAS G SBUG BG4 R B =TRF T4 1
BN RAS BTEAERR B UAGT nlRESEPE
U35 £ 1 B /N ol Jok B 9 D AR R B /N BR U e R R
I AT R R R, 5 3E AKT 4AH L, Bk
fiE AKI 4185 UAGT BB Tt 5 ZHE Logistic |1l
53T s, UAGT S i AKT AZRSZAG RS K 3
ROC HHZE M1 B~ , RRUBE S UAGT Tl iR 2 AKI
1 AUC N 0.912, 4 F RRI J2 UAGT {Efa] B —A5:mi 45
B, X T R AE AR R U G 8 A e A5 AR 4 b Tt
AKI R o AHARBIFGE R B 5 FEAS iR /L
A PR, J5 S8 5 T R KA A SGIE

Zi LA, SOFA 743 . APACHE 1T ¥-43 . RRI 1
UAGT X e B 9E AKI £ HA — & BUl A, 1 RRI
A UAGT BEfE—E R L O0IL 409 i AKT & A=
FIRLRE , M BRFEAE AKT B 23R R AR BE , B

e AHE) ™ AL
IR A4 27 ] AP TEA  e
S 3k
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