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[Abstract]  Objective To construct and to determine the predictive performance of an early

warning nomogram based on renal microcirculation hemodynamics for septic shock-related acute kidney
injury (AKI) , providing support for the early identification of high-risk patients in clinical practice.
Methods This was a single-center retrospective cohort study involving 265 patients with septic shock ad-
mitted to the First Affiliated Hospital of Xinjiang Medical University between December 2020 and De-
cember 2025. Patients were divided into the AKI group (#=93) and the non-AKI group (n=172) based
on the occurrence of AKI assessed 7 days after diagnosis. Clinical findings, conventional renal ultrasound
parameters, and microcirculation parameters on contrast-enhanced ultrasound were compared between
the two groups. Binary multivariate Logistic regression was performed to identify independent influencing
factors, and a full model and simplified nomogram model were constructed. Model performance was as-
sessed using the receiver operating characteristic (ROC) curve, calibration curve, decision curve analysis
(DCA), and Bootstrap method (1000 resampling iterations). Results Multivariate analysis showed that
sequential organ failure assessment (SOFA) score =10 (OR=11. 561, 95%CI: 2. 058-64. 943) , venous-
to-arterial carbon dioxide difference to arterial-venous oxygen content difference ratio (Pv-aCO,/Ca-
v0O,) (OR=20. 625, 95%CI: 6. 643-64. 038) , renal resistance index (RRI) (OR=2. 676, 95%CI: 1. 234-
6.206) , and mean transit time (MTT) (OR=1.210, 95%CI: 1. 083-1. 353) were independent risk fac-
tors. On the other hand, 6-hour lactate clearance rate (OR=0. 844, 95%CI:0.779-0.915) , peak inten-
sity (PI) (OR=0. 864, 95%CI: 0. 748-0.998) , area under the time-intensity curve (OR=0. 974, 95%CI:
0.955-0.992) , and energy Doppler ultrasound score (OR=0.198, 95%CI: 0. 075-0. 519) were indepen-
dent protective factors (all P<<0.05). The area under the ROC curve of the simplified nomogram was
0.899 (95%CI: 0. 858-0.940) for predicting AKI, with good calibration (Hosmer-Lemeshow test P=
0.203) and a high clinical net benefit within the threshold probability range of 0. 1-0. 9. Bootstrap resam-
pling with 1000 iterations showed that the overall classification accuracy was 83. 0%, with Nagelkerke R*=
0.595. Conclusion The simplified nomogram developed in this study, integrating key parameters of re-
nal microcirculation and oxygen metabolism, demonstrates good predictive performance for AKI risk
within 7 days after diagnosis of septic shock. This model serves as a quick bedside tool for the early identi-
fication of high-risk patients and may guide the implementation of renal-protective interventions.

[Key words] Septic shock; Acute kidney injury; Renal hemodynamics; Renal microcirculation;
Lactate clearance rate
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A BAE R Hd SOFA 254 I IR 2 2T 15, L0 4y
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V9 Rk 5% e B & TR R AR 52 BT B AKT 6
PE

ROC £ 20 7 7R , SOFA L6 h FLER W 5 % |
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I e 75 Pk AR T T B AKT 9 AUC 43 51124 0. 708,
0.712.0.689,0.689.0.706, 0.700, 0.589. 0. 685,
SOFA Jy # % , #t B cut-off {f 2 ( =10 43 =2) , E]
SOF AZ=10 43 TR0 e B PR AR 7oA 5C AKT 1R EE
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it " ICZ 2K Logistic [01 07 5 & H BT A 40 57 52 1
K2 5 25 R B R 25 N H A R, AR B R &R
AUC=0.7 H I IR B SCH #0144 80 48 5
(SOFA .6 hFLERE B % . AUCIC MTT) 4 & 7 fk
HIL IR, 28 Bootstrap BaiiE , faj ALt 1 5 4 s 7Y
(G 8 AN ph 72 P 25, AUC=0. 902) (1) T3 4% fi
ZRIG A 23 X(P>0.05) , H ¥ 4F 5 fa {f .
ROC 45 53 W7, 51) 2 I A5E 78 13 300 e 25 14 K o T 30
AKI B AUC A 0. 899(95%CI: 0. 858~0. 940) , B £
T 1 2 55 BHRABUGT A R A R, s A R A o
R, P ok M 4 o0 A o, 76 B EAE 2 0. 1~0. 93
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Tab 1 Clinical indicators of patients between the two groups
il IE AKT 4 (n=172) AKIZ (2=93) 1/ {8 PH

B (%) ] 106(61. 63) 52(55.91) 0.819 0. 366
AR (% TEs) 69.87+2. 43 69.26+3. 56 1.643 0.102
IKF R (kg/m?, 7Es) 24. 43%3. 04 24.7743. 04 0. 862 0.389
BRI LB (%) ] 42(24.42) 34(36.56) 4.350 0.037
15 BELE L 451 (%) ] 30(17. 44) 20(21.51) 0.651 0. 420
s [91(%) ] 14(8. 14) 7(7.53) 0.031 0. 860
A (5] (%) ] 66(38.37) 36(38.71) 0.003 0.957
BUGE L1 (%) ] 73(42. 44) 44(47.31) 0.581 0. 446

SOFA[(%) ]

<647 32(18.60) 8(8.60) 49. 469 <20. 001

=>6~<104% 117(68. 02) 35(37.63)

=104 23(13.37) 50(55.76)
TG AL (%) ]

Jifi & 79(45.93) 42(45.16) 2.716 0.437

JE g 26(15.12) 21(22.58)

WIR F 59(34.30) 27(29.03)

Fifte 8(4.65) 3(3.23)
B [ (%) ]

Eél 98(56. 98) 62(66. 67) 2.369 0.124

T 74(43.02) 31(33.33)
I 259 (451 (%) ]

Eél 62(36.05) 48(51.61) 6. 024 0.014

¥ 110(63. 95) 45(48.39)
HROX/min,z=s) 103. 48+11. 51 105. 12+10. 61 1.138 0.256
MAP(mmHg,7+s) 63.16%6. 35 61.96+6. 07 1. 491 0.137
CVP(mmHg,7=+s) 8.46+1.73 8.20+1.53 1.189 0.235
LR 1M WLEF (pmol /L, =) 71. 44+15.70 74.02+16. 91 0.761 0. 447
HZ eGFR[mL min™+ (1.73 m*)™", z+s] 89.55+14. 27 87.98+15. 42 0.831 0. 407
A 24 h A (mL, 7ts) 1850. 03+520. 06 1780. 08+490. 05 1. 066 0.287
NT-proBNP(ng/L,z+s) 6886. 611941, 49 7348.1142951. 89 1.529 0.127
CK-MB(U/L,7%s) 22.9143. 61 23.17+4. 81 0. 496 0. 620
LVEF (%,2=s) 35.82+7. 07 37.2148. 94 1.389 0.166
6 hZLRRIE R (%, 7ts) 82.32+6. 14 74.69+11. 02 7.237 <0. 001
Pv-aCO,/Ca-vO,(z+s) 1. 63£0. 55 2.130. 64 6. 663 <<0. 001

1 AKLUA 2R B 4005 s SOF A S 7 BT 28 B RIS PE4) s HR 00 3R s MAP A8 ik ; CVP S st Bk, ; eGFR AL 5 B /NER I 2T 2%
NT-proBNP Jy N 3 B KR KR ; CK-MDB 24 ULER S ) 11 ; LVEE 3750 %8 B 14344 ; Pyv-aCO,/Ca-vO, A ## k-3l bk — A Abik 525/

S-S

1 mmHg=0. 133 kPa,

T2 WL BRI Bh R A He g

Tab 2 Comparison of renal hemodynamic indicators of patients between the two groups

44 5 1% PI(dB,z+s) AUCIC(Z4s) MTT(s,7+s) RRI[M(Q,,Q,)]  PDU[4,M(Q,.Q,)]
e AKIH 172 14.95+4. 43 836.23+24. 87 43.70+4.52 0.69(0.54,0.86) 2.00(2.00,3.00)
AKI4H 93 12.78+3. 38 807. 37+40. 61 47.95%+5.99 0.71(0.54,0.97) 2.00(1.00,2.00)
1/ 714 - 4.119 7.166 6. 495 2.385 5.427
Pii - <<0. 001 <<0. 001 <<0. 001 0.017 <0. 001

- AKT R 20k B 42407 5 PT ORI (E SR s AUCIC Ry Bisf [1] -5 3 i 48 R 1R MUT T Ry - 35 98 R st (1] s RRICA B B 4640 PDU h e 22

T
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Tab 3 Summary of the assignment of independent variables

for the influencing factors of septic shock-related AKI

At IRAE
WEIRI Je=0;H=1
SOFA <1043=0;=>1043=1

IINESRY ity Je=0;F=1
6 hZLIR I BR R SEBR{E
Pv-aCO,/Ca-vO, SEBRE
PI SEBRE
AUCIC SBRE

MTT SEBRAE

RRI SEBRE

PDU SEBRE

Vs AKI Y 2P B SOFA K BB B R0V 45 4 Py-aCO,/
Ca-vO, o BBk~ BB — LA T2/ BBk OB 7 B 2% 5 P b
(ELSHRIEE s AUCIC S-S5 5 28 T T B s MTT 43 190 1
RRI B4 40 PDU AR 5 W 7507 43

D7 ) R S 35 v 3 5 RO AR AR R — 20 (P<<0. 05) .
(#£7.8)

x4 MEEPER T AKT Y — 02 & Logistic

W B

MR PEIR TR, & Bl 8h ) 24 1 E 22 e
FER LAY 5K O WU 5 25 5 75 oA, (5B AR
i VAR R LM B ) RS SR R IR TR
Ao MR TS & 04 B W I 3l ) 2 K ELATAE
ARG B REE  RE A S RO W AN R T
M2 F12 WK, Fang 402058 o, 1 LR
BT R B IO P 5 /N BRUE T B S L [ A
M B K v T B AKT RGO BR Y o R AR AF 92 2 I
S BN B L B 12 e AKX 432 Wi oh B Ay
WAFM ™ . ARBFSE SR BoR , AKL4 R 3 PLL
AUCIC .PDU ¥ T4E AKI 4 ,MTT .RRI ¥ & T
4E AKT4 (P<<0. 05) , H##—2 502 &K Logistic
[a] K7 R, RRIMTT by e 25 PE K v A 56 AKI
FRA ST A PR 2% 5 1 PTLAUCIC K PDU g e d5Efk
AR IE AKT ORI R o o0 W R IRE T - AE e s 1k
IRFCIRETF , 4 B RAE RN 5 G R R 2 51 & B
R R 3BT (n=265)

./,
w

Tab 4 Analysis of binary multivariate Logistic influencing factors for septic shock-related AKI(7=265)

. . 95%CI gt
e BET) cERT) vediEyFE ORE —w tm &2 VF
WEIR I (B ) 0.237 0.534 0.197 0. 657 1.267 0. 445 3. 607 0.948 1.055

SOFA(Z=1041) 2. 448 0.881 7.726 0. 005 11.561 2.058 64. 943 - -
A TEVEL ) (R 0.234 0. 479 0.238 0. 625 1.263 0. 494 3.232 0.942 1.061
6 hFLERIE R -0. 170 0. 041 17. 091 <20. 001 0. 844 0.779 0.915 0.591 1. 692
Pv-aCO,/Ca-vO, 3.026 0.578 27. 411 <0. 001 20. 625 6.643 64. 038 0.615 1.626
PI -0. 146 0.074 3. 940 0. 047 0. 864 0.748 0. 998 0. 646 1.548
AUCIC -0. 027 0.010 7.584 0. 006 0.974 0.955 0.992 0. 634 1.577
MTT 0.191 0. 057 11.292 0.001 1.210 1.083 1.353 0. 669 1.494
RRI 3.321 1.587 4.379 0.036 2.676 1.234 6.206 0. 650 1.539
PDU -1.621 0.493 10. 826 0.001 0.198 0.075 0.519 0.613 1.630

i 22.413 7.829 8.195 0. 004 - - - - -

TE - AKTA 2 E B 1545 s SOF A SN P 51 8% B B3 W70 s Py-aCO,/ Ca-vO, J ik - Sl Ik — S ARk 73 22 / Sl K -t bk 40 1 22 s PTOW I 2
AUCIC Sy I} [] -5 B2 2R T AR s MTT 45 P 8] s RRT Sy BT840 PDU Dy R 205 Sl 75 003 5 VIF 7 22K 1

&5 ML

M PR 2% S50 J 2 A A o i B0 AT A 7 (2=265)

Tab 5 The value of independent influencing factors in predicting septic shock-related AKI(7#=265)

Kotk AUC  SEf Pl e W AmiEC ARgE R
TR ISl

SOFA(4%) 0.708 0.035 <20. 001 0.639 0.777 2.000 0. 404 0.538 0. 866
6 hZLIRIEBR R (%) 0.712 0.039 <20. 001 0. 636 0.788 74.110 0.506 0.570 0.936
Pv-aCO,/Ca-vO, 0. 689 0.035 <20. 001 0. 621 0.757 2.580 0. 437 0. 495 0.942
PI(dB) 0. 689 0.033 <<0. 001 0.624 0.754 17.940 0.477 1.000 0. 477
AUCIC 0.706 0.038 <<0. 001 0.632 0.781 810.18 0. 489 0.559 0.930
MTT(s) 0.700 0. 035 <<0. 001 0.631 0.768 44.500 0. 440 0.731 0.709
RRI 0.589 0.041 0.017 0.507 0.670 0.91 0.374 0.473 0.901
PDU(4}) 0. 685 0.033 <<0. 001 0. 622 0.749 2.50 0.325 0.935 0. 390

T AR APE 5105 ; SOF A R )5 5 8 B 43 ; Pv-aCO,/Ca-vO, K ¥ ik - ik A8 43 1F 22 /5 K- ik 8 1 2% 5 PR IS TR

AUCIC Jy i [7] -5 Bl 26T 1A MTT Sy~ 24938 T 18] s RRI 0 ¥ B 8450 PDU S E B 235 Bl 120
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TE - AKLY 2P B3 s SOF A NP B3R T B3 WE 43 s Pyv-aCO,/ Ca-vO, Ry ik - sl ik — SRk 73 TR 25 / sl K-k S 2 1 25 s PTOW DAV SR 22
AUCIC Sy e [a] -5 B2 28R AR s MTT Dy 45 0B ] s RRT Oy B 4650 PDU Dy gk 25 Sl 75 0743 s ROC I h 32180 AR 2.

B b S R AR B A R AR S BT B ART A ROC ik (n=265)

1A. SOFA .Pv-aC0O2/Ca-vO2 . RRI & MTT Tl jife 25 1

RFEAE R AKI ROC 146 ; 1B. 6 h ALIR TSR . P1.AUCIC K PDU i I F5 PR /R 7 AH ¢ AKI ) ROC i1 £k

Fig 1 ROC curve for predicting septic shock-related AKI based on independent influencing factors (1n=265)

1A. ROC curves

for SOFA score, Pv-aCO2/Ca-vO2, RRI and MTT in predicting AKI related to septic shock; 1B. ROC curves for 6-hour lactate
clearance rate, PI, AUCIC and PDU in predicting AKI related to septic shock
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Fig 2 Risk prediction nomogram model for septic shock-

related AKI(#=265)

P Az AL, b RRT TR AT s it 5 P I 45 L
FIHEIN, 43 BT 25 B N A AR L PN B 4 i P ke K
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N
ﬁc";
K~
¥ i AUC: 0.899(0.858~0.940)
02F
1 1 1 1
0 02 04 0.6 0.8 1.0
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TE:ROC B4 Z 1l TARRHE 2k 5 AUC Jy i 2T 1 B
AKD 2 PER .
B3 FILk BRI ik AR s A DG AKT ROC H 2k (n=
265)
Fig 3 ROC curve of the line plot model for predicting AKI
related to septic shock (#=265)
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Fig 4 Calibration curve of the line plot model for predicting
AKI associated with septic shock (n=265)
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Fig 5 Decision curve of the line chart model for predicting

AKI related to septic shock (#=265)
RO HIL P B e R AR OGS O ) e SR it 2k
ek g
Tab 6  Net benefit values of the decision curve for predicting

acute kidney injury related to septic shock

i KA IR 95% CI
1 0.1 0.8411 0.7587~0. 9235
2 0.3 0. 6759 0. 6096~0. 7421
3 0.5 0. 4839 0.4365~0.5313
4 0.7 0. 4552 0. 4106~0. 4998
5 0.9 0.2043 0. 1843~0. 2243

B UESE AKTAL S8 E DA AR B REVE G . PIREAR
J52 W3 5 AR 7 B 52 T A 0 0 O el , 4
7 B RIS R E AN R, 2 AKT R ZE I RUAE S .
AHEFE 1 PL R AR Y R (OR=0. 864 ) , B P14 T}

F7 It Logistic RN TRINHERZIE (2=265)
Tab 7 Summary of prediction accuracy rates of

binary logistic regression(7n=265)

FSE i Hi o O

KK 156 16 90. 7%
R 29 64 68. 8%
=S - 83. 0%

1.dB, AKI XU BRI 13. 6%, 5 175 15 52 B e B 52 o
TR REA R — 2 . MTT ZE K ] At -5 i 4 BE
JITFE e BGRB8 A O
S WRAFAE B UG PR IR RS R AKT R A B2
FRELSLAY . BhASE LI 8 1 A8 bR DA W) 4 B 48 7R
FRFEPEIR FEAH 56 AKTLER B B i sh 5% . 5
WEAE Huang 55 Fl Aguilar 5522 - BFFE WS AH AT

[ 4h 2 Standke 25 BIF5E B, AR A
TR EE A A O P Rk Z R, B
SRR M AL S bR B, AKT R A AR
WHEPR S R AR G, I AR bR 5 K
BEPEIK FOAH 56 AKT R AR S VITAE G . A9 o
AKI 4 % Pv-aCO,/Ca-vO, ¥ & T9E AKI4H ,6 h
FLER T bR R AL THE AKIL 4, H It £ A & Logistic
[A] A 7R, Pyv-aCO2/Ca-vO. .6 hFLER 1 R E N
JHe T PE AR T2 A 56 AKT RS2 M N 28 . 20 BT J5 D9 T i
FET 1 0, SRR T AU R A LU, ik v 2
SO ALE R S B0 . HALHIAE T, FLER AT % H g
Nt e 1A R R 1 B I FLEL LB AT S A
i L4338, I 1E A R 4T M T RS SRR
- IR A/ P 28 L DR S D] 3 %, O e
TE B I e 240 i L 5 4 I, i BB NV R A
Hok , FLIRTE bR R B AR R ML IR & BE S5 45,
AIZEA TG AN AR . FLERIE BR R AT X HLIA R
I FLERTE bR e AT S S EAL o Zhang 15T
i Cox 119 A& 3, FLIR I Bk % 02 e 80 41 5C AKI
RAWISI AR R . Ak, Pv-aCO./Ca-vO: HufH
Fh e W £ 7R 20 AR R AR 5 A7 A TRUTE 36 43
Wi, AW Py-aCO,/Ca-vO, 8 OR {8 551k 20. 625
(95%CI: 6. 643~64. 038) , BN e K, M 5 1% 48
o [ FsF S Bt 2 2P0 3 A 2 A A g e i O 3 P
A ERA X, Pv-aCO,/Ca-vO, Tt & AL 7R
CO, I BR RS, i S WA BRI, 2 Mg R o
TG0 0 0 e S PR R A, PR AT A 75000 447 1
. HEE IR A PRSP A 5T AL O 1)
FLBIAE AT A o ZHZL B Bl COLB A1 ™= A sl 3
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£8 JrEatsh i Bootstrap

Tab 8 Variables in the equation Bootstrap

- Bootstrap 95%CI
T2 SE1H PHOWUE) ORAi TR BR
SOFA(=1047) 2. 427 0.676 12. 891 <20. 001 11.329 3.011 42.625
6 hZLIRTE R -0. 106 0.026 16.761 <0. 001 0.899 0.855 0. 946
AUCIC -0. 028 0. 007 15.913 <0. 001 0.973 0. 960 0.986
MTT 0.244 0. 039 38.65 <0.001 1.277 1.182 1.379
W 18. 331 5.337 11.797 <0.001 - - -

1 SOFA N S8V E B PE4) s AUCIC AR a] -5i B h 28R AR s MIT T S 12 Bt ]

Y BUE COLIE BR B AT , 2l Pv-aCO,/Ca-vO. L&
FhiE o Castro 55V IR4E H, Me B MK v £ A5 Hp 2k
AEAE o LR ILAE T AR HE T AN ARG AT i 1505 AN
Ko AT 25 Wos , emg MR o B e
1y £H 2R 4R 1% 48U P R B B IO ARCDG A Ak 1 2
PETRAS 5 PDU P23 FAG s B 1 B 52 5 i 358 74
D —5 ARG B, SOFAZ=10 43 M ik
FEMEIR 7 A G AKT By 3 ST fE 16 R £, 5 BE A1 Fang Bff
T —F

AW TR AUC=0. 74845 (SOFA L6 h FLIR I
Fr# CAUCIC MTT) M4 ZE KA . ROC 4553
071, 5 2 PRI A T 0 e 25 14 AR v i B0 AKT Y AUC
90.899 (95%CT : 0. 858~0. 940) , ¥ 2H £ i il & 5
PR AL G BT, PR B R o B R AT, TS
LR s L 7R BEAE 2 0. 1~0. 9 JE Bl N, 1% AR Y
HA BB IR R 3K 25 o Bootstrap 2 N BAIE /1
RS M E R 4 (Hosmer-Lemeshow 4 % , P=
0.203) , SRS ZEUHER 2l 83. 0%, Nagelkerke R*=
0. 595 , A5 AR 840N J i) B S 25 1 359 5 DR AL
—F(P<0.05) , $&7 THM A 7R () T 24 R 4 4, HL
RERURSE PR R AT 43T 5 TR0 AR 7Y (] B 44 A 95 95 7™
AR AR B I Bh ) 4 5 2 Y B
K, KA BEXT B 30000 KRS A T 25 B 04l o AT
9% 5 BE A Li 422 (AUC=0. 770~0. 788) . Oh %>
(AUC=0. 84~0. 85) Ay I 5% AH Lt 151 I 2% B B &5, iX
AT RE S A I R 99 T B IE G A 7 i 5 S 8K
A BRI AR A DG, T8 4 1T b S e 1 2R AR
i AKT AR O BE A BRATL] , BRIV JOE S0 B0 B 1 55
SRR . BN IR NBEARAE 8 i ) BRriE =X
S5 TR IFEAE 22 5, AUC B [ P i T 2

ARG Jmy BR PR AE T A58 S S b PR i3
BEAR AR, iTREAFFEBEPRPE IR A, LR 52 S IE AR
W AT T2 R B R 2 W AR T RE R
M) B A AL 98 80 1 24 SR AR P 3 . ARBFRNA T

T4 R e i 1 P 4k 2 2 ek e R 0 1T 42 32 A LA
SR O HERR R 2P A 5 A g
P il SR £, (HP I S R 3R 97 17 T REXTH A
G BRI 378 B 1 2F 8 A 7= A — 2 B i, S SR AR5 ] F
— R K R bR BT T — S
B AT FEAE—E IR BT , AR ] T & 22 vt KR
AR HEPEAF 55 T R AR S AIE

g5 Lk AR IS A AL SOFA L6 h ZLIR
HFER L AUCIC & MTT {51 2k AR, X e
TR ST R FERIL)E 7 d R R AKT B REFRY T
D34 RE RS M o AR Y AT 7 R 55 DR St , A Bl
T R U AKT i 8 B, B IR SR BT X 1 1
A i 3 U o
RIZEMRIE AT E A A F 26 pho
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