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[Abstract] Objective To construct and validate a nomogram model for predicting sepsis-associated acute
kidney injury (SA-AKI) risk in intensive care unit (ICU) patients. Methods A retrospective cohort study was
conducted. Adult sepsis patients admitted to the department of ICU of the 940th Hospital of Joint Logistic Support
Force of PLA from January 2017 to December 2022 were enrolled. Demographic characteristics, clinical data within
24 hours after admission to ICU diagnosis, and clinical outcomes were collected. Patients were divided into training
set and validation set according to a 7 : 3 ratio. According to the consensus report of the 28th Acute Disease Quality
Initiative Working Group (ADQI 28), the data were analyzed with serum creatinine as the parameter and AKI occurrence
7 days after sepsis diagnosis as the outcome. Lasso regression analysis and univariate and multivariate Logistic regression
analysis were performed to construct the nomogram prediction model for SA-AKI. The discrimination and accuracy of the
model were evaluated by the Hosmer-Lemeshow test, receiver operator characteristic curve (ROC curve), decision curve
analysis (DCA), and clinical impact curve (CIC). Results A total of 247 sepsis patients were enrolled, 184 patients
developed SA-AKI (74.49%). The number of AKI patients in the training and validation sets were 130 (75.58%) and
54 (72.00%), respectively. After Lasso regression analysis and univariate and multivariate Logistic regression analysis,
four independent predictive factors related to the occurrence of SA-AKI were selected, namely procalcitonin (PCT),
prothrombin activity (PTA), platelet distribution width (PDW), and uric acid (UA) were significantly associated with the
onset of SA-AKI, the odds ratio (OR) and 95% confidence interval (95%CI) was 1.03 (1.01-1.05), 0.97 (0.55-0.99),
2.68 (1.21-5.96), 1.01 (1.00-1.01), all P < 0.05, respectively. A nomogram model was constructed using the above
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four variables. ROC curve analysis showed that the area under the curve (AUC) was 0.869 (95%CI was 0.870-0.930)
in the training set and 0.710 (95%CI was 0.588—0.832) in the validation set. The P-values of the Hosmer-Lemeshow
test were 0.384 and 0.294, respectively. In the training set, with an optimal cut-off value of 0.760, a sensitivity of
77.5% and specificity of 88.1% were achieved. Both DCA and CIC plots demonstrated the model's good clinical utility.
Conclusion A nomogram model based on clinical indicators of sepsis patients admitted to the ICU within 24 hours
could be used to predict the risk of SA-AKI, which would be beneficial for early identification and treatment on SA-AKI.

[Key words] Sepsis; Acute kidney injury; Lasso regression; Nomogram; Prediction model

Fund program: Natural Science Foundation of Gansu Province of China (21JR11RA005); Lanzhou City Science
and Technology Program Project of Gansu Province of China (2023-ZD-180)

DOI: 10.3760/cma.j.cn121430-20240221-00150

i B S T8 B AN B e B N 2 - B0k B AR
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FIPREETE N BB DI RERI AR 5P 7E B2 W AT )
FARTERARL

i A F9T 00 A% 0 AT L) 00 45 5 i PR 3 57 T AK
R A KR . A BIESE & M I LAS 27 Bk B T 56
] FAE W PR 22 (5 B A ZE IV (Medical Information
Mart for Intensive Care-IV, MIMIC-IV ) #tfE M 7 T
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F AT ol 2 X 0 B2 o B 3 SA-AKT 12 W i Tt A
B R, AR SRS ADQI 28 JER SA-AKT 217
FRUE, F T H0E W 795 B3 (intensive care unit, 1CU)
JHEFEIE B ABE 24 h INEUBERHEEE SA-AKT KUK il
IAEHY, - Xf B FEAT S UEFIPTAN, LU ICU ik
BEAE R AKI & A KURS B AL BEAY L il T A
1 #RERE
L1 Ok} . mEPEICEE 2017 4F 1 H 2 2022 4F
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L) X 0 B 5 H U 3R ith 26 43 A1 (decision curve
analysis, DCA) Fl llfs PR 5 M i & (clinical impact
curve, CIC) X FIAL Y (R REVEA Tl ik, K B84
e RE R I I A A A Y T ABE AR v | X AR
Y @ﬁ%ﬂf TRAE, AU P<0.05 £zt BEAS
-84

2 £ R

2.1 IGPRILZRTERL LA 247 B iz iE B3, VIl

SREE 172491, BEAE 75 191, YIZREE S RIEAE B 3k

LR ZE R TSI E X (B P>0.05;3% 1),
HA T k.

2.2 WRFEAERE KA AKLAE RS R =Wk (151 1):

F1 ICUBRSIERERELIHE

Fabr SR (n=247) ZREE (n=172) BAESE (n=75) Xz PiE
SA-AKI [ #i] (%)) 184(74.49) 130(75.58) 54(72.00) 0353 0.553
RS2, M(Qy, Q) 61.00(50.00, 74.00) 60.00(49.75,75.25) 65.00(53.50, 74.00) 0.586 0444
BB (%)) 170(68.83) 120(69.77) 50(66.67) 3.630  0.844
AR R (5] (%)) 66(26.72) 46(26.74) 20(26.67) <0.001  0.990
s s (5 (%)) 24( 9.72) 18(10.47) 6( 8.00) 0.362  0.548
MODS [ (%)) 124(50.20) 83(48.26) 41(54.67) 0.859  0.354
FARBO (%)) 1755 0416

TFAR 121(48.99) 86(50.00) 35(46.67)

FIFAR 41(16.60) 25(14.53) 16(21.33)

ALFAR 85(34.41) 61(35.47) 24(32.00)
BAEBERHE (d, M(Q,, Qy)) 19.00(12.50, 35.00) 19.00(11.00, 34.00) 22.00(13.00, 36.50) 1.650  0.199
1CU AEREI (d, M(Q,, Q) 8.00(4.00, 16.00) 7.00(4.00, 14.25) 10.00(5.00, 21.50) 3493  0.062
AT ARAE (M (Qr, Q1))

R ) 37.70(37.00, 38.50) 37.60(37.00, 38.50) 38.00(37.30, 38.60) 3.065  0.080

L3 (YK /min) 127.00(111.00, 144.50) 127.50(110.75, 144.25) 127.00(112.50, 143.50) 0.026  0.873

AT (YR /min ) 30.00(26.00, 36.00) 30.00(26.00, 36.00) 30.00(27.00, 35.00) 0.481  0.488

Bk (mmHg) 63.00(55.00, 70.00) 65.00(56.75,71.00) 60.00(52.00, 68.00) 6.823  0.009
T RG(r, M(Qr, Q)

SOFA 14> 10.00(7.00, 13.00) 10.00(6.75, 13.00) 11.00(7.00, 14.00) 2.107  0.147

APACHE Il 34 18.00( 13.00, 26.00) 18.00(13.00, 26.25) 16.00(12.00, 26.00) 0.308  0.579
SLUG R

PCT (pg/L, M(Q., Q)] 12.54(1.60, 59.88) 12.14(1.58, 62.79) 13.78(2.08,53.91) 0.007 0934

FL [ mmol/L, M(Q,, Qy)) 2.70(1.60, 4.55) 2.40(1.58,4.40) 2.80(1.95,4.87) 2.838  0.092

AATE ﬁ([mmHg M(QL O )]

FEE AR (gL, M(Qr, Qy))
FEIBRAREAL L (M (Q, Q)

BEIM AR LR (M (Qy, Q)

PTA (%, x+s)

BRI E] (s, M(Qp,y Q)
TEALHR AR I BRI (s, M(Q1, Q)]
Y IMIF BN E] (s, M(Qy, Q)

D- :%ﬁi [ mg/L’ M(an QU)]

FIA T8 (X< 1071, M(Qy, Q)
WRELAETEL (X 107/, M(Qy, Q1))
AR AN (X 10°/L, M (Qy, Q)
PR AR / K LR AR LU AR (M (Qy, Q)
FRPEREANI 0 b (9%, M(Qy, Q)]
Iﬂl’]%ﬁﬁ'i&[ X 109/L’ M(Ql.v Qu)]

PR AR [ < 10771, M(Qy, Q)
IM/MRAEAAFL L, M(Qy, Qy))

PDW (%, M(Qy., Qy))

ML A (gL, M(Qy, Qy))
LI S A S R (%, M Q. Q)
LT MM A3 A3 TE FEARERE (£, M(Qy, Qy))
RE AR (UL, M(Q,, Qy))
R (UL, M(0,, 0))
BEA (gL, M(Qr, Q)

HEH (gL, M(Q, Q)]

B (gL, M(Qr, Q)

3.99(2.84,5.37)
1.28(1.12, 1.58)
1.29(1.14, 1.61)
61.80+24.78

0.64(0.41, 1.14)

0.60(0.35,0.92)

15.20(13.50, 18.55)
37.00(30.30, 49.20)
16.60(15.50, 18.15)
6.49(3.02,13.37)
13.27(8.13,18.84)

11.43(6.49, 16.81)

15.73(7.30,27.52)

0.94(0.87, 89.75)
122.00(56.00, 189.00)

11.00(9.90, 12.00)
16.70(16.30, 17.00)
99.00(78.00, 124.00)
14.40(13.30, 15.80)
47.00(43.95, 52.60)
41.00(20.50, 111.50)
26.00(15.00, 74.00)
43.30(38.20, 47.85)
26.90(22.75, 30.85)
19.60(15.65, 25.70)

188.00(117.00,271.50) 201.83(123.35,271.25) 182.00(110.00,267.91) 0326  0.568

3.83(2.85,4.85) 4.38(2.85,5.96) 3953  0.147
1.28(1.15,1.55) 1.24(1.08, 1.69) 0.550 0.458
1.29(1.15, 1.56) 1.30(1.08, 1.74) 0.229  0.632
59.97+23.55 65.99+27.09 3.107  0.079
15.15(13.67, 18.12) 15.20(12.75, 19.00) 0.857  0.355
37.10(30.08, 48.15) 36.10(30.50, 51.15) 0.108  0.742
16.60(15.60, 18.00) 16.60(15.45, 18.75) 0313  0.576
6.33(3.02,12.12) 6.72(3.02,1591) 0.030  0.862
13.29(8.13, 18.70) 13.20(8.30,20.19) 0.199  0.655
0.62(0.40, 1.06) 0.70(0.46, 1.38) 1.820  0.177
11.61(6.46, 16.80) 10.82(6.58,17.00) 0.031  0.861
15.29(7.32,27.83) 16.10(7.05, 26.05) 0.072  0.788
0.94(0.87, 89.77) 0.95(0.88, 89.75) 0.053  0.818
114.00(55.25,188.00)  126.00(71.00, 188.00) 0.703  0.402
0.60(0.35,0.95) 0.58(0.35,0.85) 0.244  0.621
11.00(9.90, 11.90) 11.10(10.05, 12.25) 0.465  0.495

16.60(16.30, 17.05)
93.00(75.75, 124.00)

16.70(16.35, 16.95) 0.086  0.769
102.00(85.00, 124.00) 1.929  0.165

14.40(13.40, 15.83) 14.30(13.25, 15.60) 1.090  0.296
47.50(44.20,52.78) 46.50(43.70, 49.90) 2329 0.127
40.50(21.00, 103.75)  41.00(19.50, 119.00) 0.015  0.903
26.50(15.00, 72.50) 26.00(14.50, 75.00) 0.026 0.873
43.30(37.40,49.15) 43.90(39.05, 47.25) 0.019  0.891
26.65(22.45,30.63) 27.40(23.90, 32.30) 1.681  0.195
19.60(15.17, 26.72) 20.00(16.20, 25.40) 0.003  0.953
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ik AA (n=247)

YIZAE (n=172) ISUESE (n=175) X ZIfE P

HEH /BREH (M (Q, Q) 1.70(1.40,2.20) 1.70(1.30,2.20) 1.80(1.50,2.20) 0.680  0.410
SCr (umol/L, M (Qy, Qy)) 96.00(62.50, 171.00)  102.50(62.75,175.75)  90.00(62.50, 152.00)  0.083  0.774
JRZA (mmol/L, M(Q,, Qy)) 11.30(7.60, 16.30) 11.25(7.60, 16.95) 12.10(7.65, 15.50) 0.042  0.837
PREHUF HAE (M (Q, Q) 0.10(0.08, 0.15) 0.10(0.08, 0.14) 0.11(0.08, 0.15) 0.579  0.447
SARLLZE (umol/L, M(Qy, Qy) ) 15.70(9.90, 32.70) 15.45(9.90, 32.70) 15.90(9.95, 33.14) 0.047 0828
JAFEABLT 2 ( pmol/L, M (Qy, Q)] 6.30(4.30,12.15) 6.15(4.29,12.10) 7.00(4.35,12.30) 0.405 0525
AL ZE [ umol/L, M(Qy, Qy)) 9.30(5.10, 19.98) 9.00(5.41,19.94) 9.60(4.55,21.15) 0.035  0.852
AR RR A (UL, M(Q,, Qy)) 70.00(51.50, 115.50) 70.00(50.75,117.25)  71.00(53.00,113.50)  0.059  0.808
v - BRMFEFALIE (UL, M(Qr, Q) 40.00(20.00, 103.00) 36.50(19.00, 97.00) 52.00(24.50,109.00)  1.445  0.229
MBS S EA (mg/L, M(Q, 0y)) 16.00(10.00, 25.50) 17.00(10.00, 26.25) 16.00(9.00, 23.50) 0.844 0358
BIHEA (gL, M(Q, 0)) 66.00(39.50, 112.50) 69.00(38.75,114.00)  59.00(41.00,108.00) 0273  0.601
FLERI S (U/L, M(Q., 00)) 367.00(253.00, 554.50)  367.00(256.25,551.75) 368.00(251.50,555.00)  0.060  0.807
UA (pmol/L, M(Q,, Q)] 352.00(264.00, 488.00)  359.50(268.75, 502.25) 333.00(234.00,459.50) 1249  0.264
Cys C (mg/L, M(Qy, Qy)) 1.50(1.00, 2.38) 1.50(1.00, 2.32) 1.50(0.85,2.45) 0.068  0.794
B - WERTE I [ mg/L, M(Qy, Qy)) 5.04(3.06, 8.75) 4.95(3.08,847) 6.10(3.04,9.75) 0.157  0.692
AHFEE /NBR R [ mL/min, M (Q,, Q)] 52.61(27.60, 89.70) 51.43(28.02, 88.59) 54.15(26.79, 93.34) 0.041  0.840
AFF8h R (mL, M(Q,, Q)] 650.0(350.0, 1150.0) 650.0(350.0, 1200.0)  600.0(375.0,1025.0) 0.038  0.846
AFF24 h pR#E (mL, M(Q, Qy)) 2500.0(1650.0,3450.0) 2500.0(1650.0,3450.0) 2550.0(1425.0,3405.0) 0.031  0.860
R (B (%))
M TP 197(79.76) 133(77.33) 64(85.33) 2.074  0.150
[ i ] 59(23.89) 44(25.58) 15(20.00) 0.895  0.344
[=giE=TawiEyis 56(22.67) 38(22.09) 18(24.00) 1334 0.509
HLAGE S, 216(87.45) 150(87.21) 66(88.00) 0.030  0.863

T+ ICU g FAE W 3P0 55 . SA-AKI Ay e 73 E AH G Mk 20tk B 51003, MODS i £ &% B U R i 15 25 & fiE, SOFA Jy J3 BLAS B W47,
APACHE I S 2 M 32 S P R 43 1T, PCT SRR ERAL, PTA SHBEIM ARG S, PDW il M43 A 561 , SCr ST UEF, UA

JRBR, Cys C ABEIZ C; 1 mmHg~0.133 kPa

MR (1)
54 50 48 41 30 26 20

FEER (1)

53 52 50 26 1

15 T T T T T 1
10 -
51
)

=

W =5 |
,10 -
_15 -

20 1 1 1 1 1 1

-12 -10 -8 -6 -4 -2 0

Log (A) @

2 A CHIETIIY S IR 5 B S ETT S ATRIE 2] Lasso MUEREL ; ICU S ERE MR, AKL S 20 B i
1 Lasso EIIRffitE ICU FRAE R H &4 AKI HEKER

BN A 65 785 Lasso [BHH R ZEAL R, FEEUH
FETONH R, 25 R R, A 8 N E a5 Ik EEIE
BRI AKTA K, 435052 ICU AEBER ] 24 h Y
PCT ., #¢ IfiL i )52 3% 20 & (prothrombin activity, PTA ),
SCr. Ifil. /)N #2437 96 £ (platelet distribution width,
PDW). J& ik (uric acid, UA), Bl 2 C (cystatin C,
Cys C) IS AFl 8 h R -

23 PFARZREFZEZ A E Logistic BIHHT (£ 2) . H
FSES Logistic M s B s, EFid Lasso B4
Bram A 8 NS48 T 1CU BREEAE R & E AKI

IR E SR B 2 (2 P<0.01) 5 Bt 8 AR i 430
PHANZHZ Logistic [HIIH53#T, 455 /s PCT, PTA
PDW Fl UA J& ICU JRERGE B LA AKL Bya7 i
& RI2 (3 P<0.05),

2.4 GV E TR A (18 2) c IRAE 2 R R
Logistic [543 B 45 A s 26 1], MR 4k R T 46 b
B SRt N E & ESI R W a = A s i
TS 2 G55, B3 ) A B2 N e B e AR A R
A AKT AUHER, Tl R TN 1CU MR #50E 28 5 & A=
AKI XU
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%2 ICU HBREESRELSE AKI BREZERN

BEZEF S EZE Logistic B354

5l LGS0 EAEui
OR(95%CI) P{E OR(95%CI)  P1i
ICU fEBERT 1.07(1.02~1.13)  0.008 1.04(0.97 ~ 1.12) 0.240
PCT 1.03(1.02 ~ 1.06) <0.001 1.03(1.01 ~1.05) 0.014
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