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[ Abstract] Objective To explore the independent risk factors for the occurrence of acute kidney
injury (AKI) caused by vancomycin (VAN) combined with piperacillin/tazobactam (PTZ) or carbapenem (CBP),
and to construct and verify a nomogram prediction model for the risk factors. Methods The clinical data of all
patients who received VAN combined with piperacillin tazobactam (VAN-PTZ) or carbapenem (VAN-CBP) in
Wauxi Second People's Hospital from 2020 to 2024 and underwent blood drug concentration monitoring were
retrospectively collected. The patients were divided into two groups according to whether they developed AKI.
Randomly allocate the training set and the internal validation set in a 7:3 ratio. After the initial screening of
variables through LASSO regression, the Logistic regression model was used to analyze the risk factors AKI,
and a nomogram model of AKI risk was constructed. The receiver operating characteristic (ROC) curve and
the Hosmer-Lemeshow calibration curve were respectively used to evaluate the discrimination and calibration
of the predictive model. At the same time, combined with SHAP analysis, the relevant factors were analyzed to
evaluate the contribution value of each variable. Results A total of 467 patients were included, among whom
95 cases (20.34%) developed AKI. Among them, 128 cases used VAN-PTZ, and 22 cases developed AKI. A
total of 339 cases used VAN-CBP, and 73 cases developed AKI. The results of Logistic regression analysis and
LASSO regression analysis showed that gender [female: OR=8.38, 95%CI (3.84, 18.28)], baseline creatinine
value [OR=1.05, 95%CI (1.02, 1.07)], and the number of combined nephrotoxic drugs [combined use of two
nephrotoxic drugs: OR=7.84, 95%CI (3.84, 16.02)], combined use of diuretics [OR=0.41, 95%CI (0.22, 0.76)]
and trough plasma concentration of VAN [OR=1.07, 95%CI (1.05, 1.10)] were independent influencing factors
for AKI induced by VAN-PTZ or VAN-CBP. Based on this, a nomogram model was constructed, the area
under the curve (AUC) of the model in the training set and validation set was AUC=0.889[95%CI (0.83, 0.947)]
and 0.848[95%CI (0.741, 0.955)], respectively, indicating good discrimination. The Hosmer-Lemeshow fit test
showed good calibration (training set: P=0.657; validation set: P=0.789). SHAP analysis identified VAN blood
drug concentration as the most critical predictor. Conclusion Gender, baseline creatinine value, numbers of
combined nephrotoxic drugs, combined loop diuretics and trough plasma concentration of VAN are independent
influencing factors for AKI induced by VAN-PTZ or VAN-CBP. The nomogram constructed based on these
factors can effectively predict the risk of AKI in patients treated with VAN-PTZ and VAN-CBP.

[Keywords ] Vancomycin; Acute kidney injury; Nomogram; Prediction model; SHAP analysis; Drug
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Table 1. Baseline demographic and clinical characteristics of patients in AKI and non—-AKI groups
[ (%), X £5, M (Pas, Prs)]

A RKAEAKILL (n=372) KHEAKIAL (n=95) Vel P
51 52.452 <0.001

5 197 (52.96) 11 (11.58)

i© 175 (47.04) 84 (88.42)
R (%) 64.68 + 13.50 66.00 + 19.49 0.596 0.441
fEBERTH (d) 29.37 + 16.79 26.84 +12.42 1.886 0.170
A IR

WEbR 111 (29.84) 23 (24.21) 1.172 0.279

(10 185 (49.73) 38 (40.00) 2.872 0.090

TR 318 (85.48) 71 (74.74) 6.282 0.012

Jiki 5 5E 69 (18.55) 35 (36.84) 14.630 <0.001

D J13E 32 (8.60) 0 (0.00) 8.773 0.003

fithea 22 (591) 10 (10.53) 2.522 0.112

e R ZE P il 8 (2.15) 0 (0.00) 0.001 0.369
A EAE W 117 (31.45) 38 (40.00 ) 2.494 0.114
QA EEANEESE Y] 1.083 0.298

VAN-CBP 266 (71.51) 73 (76.84)

VAN-PTZ 106 (28.49) 22 (23.16)
R B Rt 2 e (Fl) 52731 <0.001

0 199 (53.49) 44 (46.32)

1 158 (42.47) 25 (26.32)

2 15 (4.00) 26 (27.37)

ACEI/ARB 95 (25.54) 26 (27.37) 0.132 0.716

T 24 54 (14.52) 13 (13.68) 0.043 0.836

AT 73 (19.62) 35 (36.84) 12.62 <0.001

NSAID 60 (16.13) 5(5.26) 7.457 0.006

FI A 173 (46.51) 25 (26.32) 12.631 <0.001
BSCr (pmol - L") 71.26 +14.56 78.57 + 14.43 19.168 <0.001
BCer (mL * min™") 72.98 +27.02 74.11 +27.64 0.132 0.717
VANIZAHE (mg - L) 16.80 + 8.76 26.58 + 16.00 64.063 <0.001
VAN B (d) 14.00 + 5.44 11.20 +4.91 20.832 <0.001
/N 29 (7.80) 0 (0.00) 7.896 0.005
Charlson & JEHE 5L 1.00 (0.00, 2.00) 2.00 (0.00, 3.00) 3.153 0.076
VANH & (g) 1.95+0.55 2.10 £ 0.64 3.253 0.072
JRYTRAL 0.001 <0.001

IR 57 (15.32) 0 (0.00)

it S 154 (41.39) 25 (26.32)

I s SRR 19 (5.11) 0 (0.00)

B GUR Y 6 (1.61) 0 (0.00)

it N 65 (17.47) 26 (27.37)

PRI 40 (10.75) 23 (24.21)

I 2R 2 R 31 (833) 21 (22.11)
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Table 2. Comparison of clinical characteristics between training and test sets [1 (%), X 5, M (P,s, P7s)]

A it YIZE (n=326) PIRIGIESE (n=141) 0z P
AR (%) 65.47 £ 14.72 63.73 £ 15.28 -1.161 0.246
fEBERTE (d) 2822+ 15.11 30.31 +17.91 1.301 0.194
Charlson {3 I AEFR L 1.0 (0.0, 2.0) 1.0 (0.0, 2.0) -0.239 0.811
BSCr (pmol = L) 72.98 + 14.62 72.20 + 15.30 -0.518 0.605
BCer (ml * min™) 7247 +26.62 74.89 +28.28 0.886 0.376
VANIZE A (mg - L) 19.46 £ 11.72 17.22 £10.22 -1.974 0.049
VAN{EFE (d) 13.15£5.12 14.08 + 6.14 1.704 0.089
PE5 0.112 0.292
% 140 (42.95) 68 (48.23)
‘e 186 (57.08) 73 (51.77)
B I HERRYR
BRI 93 (28.53) 41 (29.08) 0.015 0.904
AR 165 (50.61) 79 (56.03) 1.157 0.282
JeE L 54 (16.56) 24 (17.02) 0.015 0.903
JiiAgi5E 67 (20.55) 37 (26.24) 1.840 0.175
NNVAB-3:5) 23 (7.06) 9 (6.38) 0.070 0.792
e 25 (7.67) 7 (4.97) 1.128 0.288
PP RH ZEPERBE 7 (2.15) 1(0.71) 0.506 0.477
A EE W 105 (32.21) 50 (35.46) 0.470 0.493
WS fEtE2y B () 5.563 0.062
0 181 (55.52) 62 (43.97)
1 117 (35.89) 66 (46.81)
2 28 (8.59) 13 (9.22)
I 25 R
ACEI/ARB 88 (26.99) 33 (23.40) 0.661 0.416
T2 50 (15.34) 17 (12.06) 0.862 0.353
IR 78 (23.93) 30 (21.28) 0.389 0.533
NSAID 50 (15.34) 15 (10.64) 1.814 0.178
FI A 127 (38.96) 71 (50.36) 5.236 0.022
N 23 (7.06) 6 (4.26) 1.325 0.250
AKI 68 (20.86) 27 (19.15) 0.178 0.673
VANH I (g) 1.95 +0.56 2.05+0.58 1.722 0.086
TG 6.501 0.369
IR VEES 39 (11.96) 18 (12.77)
il R e 119 (36.50) 60 (42.55)
i R g 13 (3.99) 6 (4.26)
(EgiEAVE T 6 (1.84) 0 (0.00)
Fii YRR 61 (18.71) 30 (21.28)
D IR 49 (15.03) 14 (9.93)
S TR 2R 39 (11.96) 13 (9.22)
VANH FI58% (g) 531 0.150
1.0 34 (10.43) 14 (9.93)
15 68 (20.86) 18 (12.77)
2.0 172 (52.76) 79 (56.03)
3.0 52 (15.95) 30 (21.28)
B2 2SR (d) 11.40 + 4.57 11.70 + 4.31 0.65 0.520
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Figure 1. Screen of predictor variables by LASSO regression
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Table 3. Multifactor analysis of AKI risk induced by VAN-CBP or VAN-PTZ

At B S.E. Wald OR (95%CI) P
VANIfiL 2545 e i 0.114 0.021 29.469 1.070 (1.050, 1.100) <0.001
BSCr 0.093 0.018 26.776 1.050 (1.020, 1.070) <0.001
BAE Rt Eios (Fh)

0 1.000

1 -0.330 0.270 1.230 0.720 (0.420, 1.220) 0.219

2 2.060 0.360 5.650 7.840 (3.840, 16.020) <0.001
15 FH AR

i 1.000

=t -1.959 1.852 1.119 0.410 (0.220, 0.760) 0.004
5

5 1.000

T 1.908 0.451 17.898 8.380 (3.840, 18.280) <0.001
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