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Abstract 

Background Acute kidney injury (AKI) is defined by a sharp decrease in the estimated glomerular filtration rate 
(eGFR). However, the impact of medication history on the survival of AKI patients has received little attention. Hence, 
it is necessary to investigate the potential of medication history as a predictor of survival outcomes among AKI 
patients in the intensive care unit (ICU).

Methods Critically ill AKI patients were sourced from the MIMIC-IV database. To ascertain significant, drug-
related, independent predictors of survival, univariate Cox analysis and stepwise Cox regression were performed. 
Based on the identified predictor, a nomogram was developed to estimate the individualized survival probability 
for AKI patients. Additionally, to address potential confounders among patients with medications referenced 
in the nomogram, a propensity score matching procedure was applied. Ultimately, a comparative analysis 
was performed to elucidate the prognostic disparities among these patient subgroups.

Results This study enrolled 1,208 patients and developed a nomogram incorporating oxygen flow rate, respiratory 
frequency, continuous venovenous hemodiafiltration status, age, and medication use (including ibuprofen, 
epinephrine, cefazolin, warfarin, and vasopressin). The predictive model demonstrated diagnostic accuracy, with AUC 
values for 1-year, 3-year, and 5-year survival among AKI patients of 0.827, 0.799, and 0.777 in the training dataset, 
and 0.760, 0.743, and 0.740 in the internal validation dataset, respectively. Kaplan–Meier survival analyses revealed 
significant differences in survival outcomes among AKI patients based on their exposure to different medications.

Conclusions In summary, the developed prediction model demonstrated accuracy for AKI patients in the ICU 
and helped clinical decision-making. However, future studies will require external validation to confirm these findings.
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Background
Acute kidney injury (AKI) is characterized by a sharp 
decrease in estimated glomerular filtration rate (eGFR) 
and is considered a part of the summarized clinical 
syndrome known as acute kidney diseases and disorders 
(AKD) [1]. AKI is typically marked by increased serum 
creatinine levels with or without oliguria [2]. Persistent 
complications associated with AKI encompass electrolyte 
imbalances, systemic volume overload, and uremia, 
leading to systemic dysfunction of multiple organs [3]. 
Therefore, AKI can impose a substantial medical and 
economic burden and represents a significant threat to 
public health [4].

Patients in the intensive care unit (ICU) have a higher 
incidence of AKI, up to 25% [5]. Most conventional 
therapies only delay the progression of AKI [6]. Sohaney 
et al. [7] reported that the overall incidence of AKI was 

about 20% of all included hospitalized patients, the crude 
mortality among hospitalized AKI patients was six times 
higher than hospitalized patients without an episode of 
AKI, and the mortality at 1-year follow-up was twice 
as high as hospitalized patients without AKI. Thus, 
new tools and indicators are needed to predict patient 
survival.

Most AKI patients in the ICU are treated with drug 
therapies [8], including non-steroidal anti-inflammatory 
drugs (NSAIDs), epinephrine, vasopressin, and warfarin. 
NSAIDs, such as aspirin and ibuprofen, are often 
prescribed for AKI patients to relieve the systemic 
inflammatory response and mitigate the impact of 
secondary kidney injury [9]. Besides, epinephrine 
has been shown to increase mean arterial pressure 
by activating both α-1 and β-1 receptors [10], so that 
it can maintain basal blood pressure and renal blood 
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flow [11]. In addition, vasopressin can activate V2 
receptors on the basal surface of the tubular cells to 
increase the permeability of the epithelial membrane 
and preferentially constrict glomerular arterial vessels, 
thereby enhancing glomerular perfusion pressure and 
urine output[12]. Warfarin is an anticoagulant used 
for preventing thrombosis in different populations. 
Long-term warfarin therapy elevates the risk of AKI, 
associated comorbidities, hemorrhage, renal ischemia, 
atheroembolism, and allergic acute interstitial nephritis 
[13]. However, there are currently no effective tools for 
predicting the impact of these drugs on the survival of 
AKI patients.

The complex interplay among AKI, patient outcomes, 
and medication history is crucial for clinical management. 
Recent advances in machine learning have opened new 
avenues for predicting AKI outcomes, including the role 
of medication history in patient prognosis. A pioneering 
study by Nateghi Haredasht et  al. developed machine 
learning-based prediction models for the progression 
of chronic kidney disease following AKI stage 3 in ICU 
patients, and the results underscored the potential of 

machine learning techniques in supporting clinical 
decisions [14]. This study, along with a systematic review, 
highlights the lack of validated models for predicting 
renal insufficiency post-AKI [14] and the necessity for 
more precise and clinically applicable predictive tools. 
Zhou et  al. developed machine learning models to 
predict mortality in patients with sepsis-associated AKI 
and demonstrated that the XGBoost yielded the best 
performance in predicting in-hospital mortality [15]. 
These studies collectively highlight the prediction power 
of machine learning in AKI outcomes.

Nomograms integrate diverse prognostic and 
determinant variables to generate individual probabilities 
of clinical events, which fulfill the requirement for 
integrated biological and clinical models and promote 
the development of personalized medicine [16]. 
Although nomograms have been widely used in clinical 
decision support, their construction, interpretation, and 
impact on patients remain incompletely understood [16]. 
Hence, our research aims to construct a model to predict 
the survival of AKI patients in the ICU and investigate 
the connection between their medication history and 

Fig. 2 Flowchart. Detailed exclusion conditions and final numbers and subgroups included in the study cohort
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Table 1 Clinical features of patients in the training set and validation set

Characteristic Overall, N = 1,2081 Training set,
N =  8371

Validation set, N =  3711 p  value2

Survival status 161 (13%) 115 (14%) 46 (12%) 0.5

Sex = Male 758 (63%) 517 (62%) 241 (65%) 0.3

RTI 281 (23%) 192 (23%) 89 (24%) 0.7

Age (median [IQR]) 67 (57, 75) 67 (57, 75) 67 (58, 75) 0.9

Time in ICU (median [IQR]) 38 (10, 805) 42 (11, 976) 31 (9, 567) 0.029

BMI (median [IQR]) 29 (25, 34) 29 (25, 34) 29 (25, 34) 0.2

Other treatment

PICC 131 (11%) 90 (11%) 41 (11%) 0.9

CVVHDF 16 (1.3%) 10 (1.2%) 6 (1.6%) 0.6

Bipap 10 (0.8%) 7 (0.8%) 3 (0.8%)  > 0.9

Tracheostomy 25 (2.1%) 18 (2.2%) 7 (1.9%) 0.8

IHD 24 (2.0%) 17 (2.0%) 7 (1.9%) 0.9

Laboratory data

Creatinine (median [IQR]) 0.90 (0.80, 1.10) 0.90 (0.80, 1.10) 0.90 (0.80, 1.10) 0.2

Respiratory rate (median [IQR]) 16 (16, 18) 16 (16, 18) 16 (16, 18) 0.8

ABP (mean) (median [IQR]) 74 (67, 84) 74 (67, 84) 74 (67, 84) 0.6

Plateau pressure (median [IQR]) 17.0 (15.0, 20.0) 16.4 (14.7, 20.0) 17.0 (15.0, 20.0) 0.5

FiO2* (median [IQR]) 100 (50, 100) 100 (50, 100) 100 (50, 100) 0.6

Flow rate* (median [IQR]) 43 (38, 47) 43 (38, 48) 43 (38, 47) 0.8

O2 flow* (median [IQR]) 10.0 (4.0, 10.0) 10.0 (4.0, 10.0) 10.0 (4.0, 10.0) 0.4

Drugs

1. Oral tablets

Aspirin 890 (74%) 613 (73%) 277 (75%) 0.6

Ibuprofen 130 (11%) 102 (12%) 28 (7.5%) 0.016

Heparin 928 (77%) 658 (79%) 270 (73%) 0.027

Warfarin 332 (27%) 232 (28%) 100 (27%) 0.8

Clopidogrel 181 (15%) 122 (15%) 59 (16%) 0.6

Phenylephrine 497 (41%) 338 (40%) 159 (43%) 0.4

Tacrolimus 40 (3.3%) 26 (3.1%) 14 (3.8%) 0.5

Amoxicillin 8 (0.7%) 6 (0.7%) 2 (0.5%)  > 0.9

Ampicillin 10 (0.8%) 7 (0.8%) 3 (0.8%)  > 0.9

Azithromycin 25 (2.1%) 14 (1.7%) 11 (3.0%) 0.15

Cefazolin 245 (20%) 167 (20%) 78 (21%) 0.7

CefePIME 84 (7.0%) 58 (6.9%) 26 (7.0%)  > 0.9

Ceftriaxone 69 (5.7%) 43 (5.1%) 26 (7.0%) 0.2

Cephalexin 7 (0.6%) 5 (0.6%) 2 (0.5%)  > 0.9

Ciprofloxacin 48 (4.0%) 37 (4.4%) 11 (3.0%) 0.2

Gentamicin 2 (0.2%) 1 (0.1%) 1 (0.3%) 0.5

Levofloxacin 12 (1.0%) 10 (1.2%) 2 (0.5%) 0.4

Linezolid 5 (0.4%) 5 (0.6%) 0 (0%) 0.3

Meropenem 28 (2.3%) 21 (2.5%) 7 (1.9%) 0.5

Metronidazole 45 (3.7%) 35 (4.2%) 10 (2.7%) 0.2

Mupirocin 152 (13%) 105 (13%) 47 (13%)  > 0.9

Piperacillin 49 (4.1%) 40 (4.8%) 9 (2.4%) 0.056

Sulfameth 28 (2.3%) 16 (1.9%) 12 (3.2%) 0.2

Trimethoprim 28 (2.3%) 16 (1.9%) 12 (3.2%) 0.2

Vancocin 306 (25%) 211 (25%) 95 (26%) 0.9

2. Intravenous infusion

Dobutamine 0.4
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survival. Through machine learning techniques, we aim 
to provide a deeper understanding of AKI survival and 
contribute to the clinical application of such models in 
the ICU.

Methods
Data source
The data of patients used in this study were collected 
from the MIMIC-IV 1.0 database. This extensive open-
access database contains a wealth of health-related 
information from patients in the ICU at Beth Israel 
Deaconess Medical Center (Boston, MA, USA) from 
2008 to 2019 [17]. Because of the open-access nature of 
the database, informed consent was not required. Data 
collection was approved by PhysioNet (https:// physi onet. 
org/) following ethical training and adherence to relevant 
ethical guidelines.

Study population and data extraction
Data extraction was conducted using PgAdmin 
PostgreSQL 14.5 (Bedford, USA). Patients meeting the 
following criteria were included:

 (i) Adults aged 18 and above;
 (ii) Diagnosed with AKI according to the KDIGO 

guidelines.
 (iii) ICU duration over 24 h (los_icu ≥ 1).
 (iv) Admitted to the ICU (if the patient had multiple 

admissions, only the first was analyzed) (Fig. 1).

The extraction process is depicted in Fig.  2. Patients 
with complete survival data were randomly assigned to 
a training set (n = 837) and a validation set (n = 371) in 
a 7:3 ratio using the createDataPartition function from 
the caret R package. The variables collected included 
age, body mass index (BMI), survival status, medication 
history, creatinine levels, respiratory rate settings, and 
additional parameters. Details on the specific indicators 
are displayed in Table 1.

Statistical analysis
Data analysis was made in R software 3.6.3. The 
distribution of continuous variables was assessed 

Table 1 (continued)

Characteristic Overall, N = 1,2081 Training set,
N =  8371

Validation set, N =  3711 p  value2

 0 1,184 (98%) 817 (98%) 367 (99%)

 < 400 mg 9 (0.7%) 8 (1.0%) 1 (0.3%)

 > 400 mg 15 (1.2%) 12 (1.4%) 3 (0.8%)

Epinephrine 0.2

 0 930 (77%) 640 (76%) 290 (78%)

 < 14 mg 136 (11%) 90 (11%) 46 (12%)

 > 14 mg 142 (12%) 107 (13%) 35 (9.4%)

Norepinephrine 0.2

 0 930 (77%) 640 (76%) 290 (78%)

 < 14 mg 136 (11%) 90 (11%) 46 (12%)

 > 14 mg 142 (12%) 107 (13%) 35 (9.4%)

Vasopressin 0.6

 0 1,075 (89%) 741 (89%) 334 (90%)

 < 65 units 70 (5.8%) 49 (5.9%) 21 (5.7%)

 > 65 units 63 (5.2%) 47 (5.6%) 16 (4.3%)

Neuroblock 0.7

 0 1,156 (96%) 799 (95%) 357 (96%)

 < 250 mg 18 (1.5%) 14 (1.7%) 4 (1.1%)

 > 250 mg 34 (2.8%) 24 (2.9%) 10 (2.7%)

RTI: respiratory tract infection; ABP, arterial blood pressure; BMI, body mass index; PICC, peripherally inserted central catheter; CVVHDF, continuous venovenous 
hemodiafiltration; IHD, intermittent hemodialysis;  FiO2, fraction of inspiration  O2. *: For patients receiving mechanical ventilation

https://physionet.org/
https://physionet.org/
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Table 2 Univariate and stepwise Cox regression analysis on the included variables

Factors Univariate analysis Multivariate analysis

HR (95%CI) P HR (95%CI) P

ABP (mean) 0.98(0.97–1.00) 0.0181

Age 1.02(1.01–1.03) 0.0025 1.03(1.02–1.05)  < 0.0001

Amoxicillin (Yes) 2.11(0.67–6.68) 0.2027

Ampicillin (Yes) 2.04(0.28–14.66) 0.4800

Aspirin (Yes) 0.46(0.31–0.68) 0.0001

Azithromycin (Yes) 2.59(1.05–6.36) 0.0382

Bipap (Yes) 2.01(0.28–14.51) 0.4872

BMI 0.97(0.94–0.99) 0.0132

CeFAZolin (Yes) 0.1(0.02–0.39) 0.0011 0.15(0.04–0.6) 0.0078

CefePIME(Yes) 1.81(1.02–3.24) 0.0441

Ceftriaxone (Yes) 1.59(0.85–2.96) 0.1452

Cephalexin (Yes) 1.53(0.37–6.23) 0.5548

Ciprofloxacin (Yes) 0.98(0.45–2.1) 0.9541

Clopidogrel (Yes) 0.82(0.52–1.29) 0.3873

Creatinine 1.19(0.93–1.54) 0.1695

CVVHDF(Yes) 2.94(1.37–6.34) 0.0059 2.53(1.11–5.76) 0.0266

Dobutamine 0 Ref

 < 400 mg 4.77(1.50–15.17) 0.0081

 > 400 mg 4.79(1.74–13.21) 0.0025

Epinephrine 0 Ref

 < 14 mg 3.60(1.63–7.95) 0.0016 3.57(1.58–8.05) 0.0022

 > 14 mg 12.1(7.22–20.29)  < 0.0001 8.35(4.2–16.59)  < 0.0001

FiO2* 1.00(0.99–1.01) 0.7211

Flow rate* 1.00 (0.98–1.02) 0.8444

Gender (Male) 0.75(0.52–1.08) 0.1211

Gentamicin (Yes) 5.10(0.71–36.76) 0.1059

Heparin (Yes) 1.68(0.61–4.62) 0.3124

Ibuprofen (Yes) 0.46(0.26–0.80) 0.0056 0.48(0.27–0.86) 0.0142

IHD (Yes) 1.36(0.55–3.34) 0.5018

Levofloxacin (Yes) 0.48(0.07–3.47) 0.4705

Linezolid (Yes) 4.06(1.00–16.52) 0.0503

Meropenem (Yes) 1.05(0.43–2.60) 0.9090

Metronidazole (Yes) 0.97(0.45–2.08) 0.9327

Minute volume 1.06(0.97–1.17) 0.1948

Mupirocin (Yes) 0.13(0.02–0.91) 0.0397

Neuroblock 0 Ref

 < 250 mg 5.99(2.15–16.69) 0.0006

 > 250 mg 1.07(0.26–4.40) 0.9209

Norepinephrine 0 Ref

 < 14 mg 3.60(1.63–7.95) 0.0016

 > 14 mg 12.1(7.22–20.29)  < 0.0001

O2 flow* 0.95(0.91–1.00) 0.0302 0.94(0.9–0.98) 0.0077

Phenyllphrine (Yes) 0.99(0.68–1.45) 0.9679

PICC(Yes) 1.54(0.96–2.47) 0.0754

Piperacillin (Yes) 1.56(0.79–3.08) 0.2016

Plateau pressure 1.05(1.01–1.09) 0.0089

Respiratory rate 1.09(1.05–1.14)  < 0.0001 1.07(1.03–1.12) 0.0013

RTI (Yes) 1.50(1.03–2.18) 0.0339
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Table 2 (continued)

Factors Univariate analysis Multivariate analysis

HR (95%CI) P HR (95%CI) P

ABP (mean) 0.98(0.97–1.00) 0.0181

Sulfameth (Yes) 1.09(0.34–3.43) 0.8868

Tacrolimus (Yes) 0.55(0.22–1.35) 0.1918

Tidal volume set 0.995(0.992–0.998) 0.0002

Tracheostomy (Yes) 0.51(0.07–3.63) 0.4972

Trimethoprim (Yes) 1.09(0.34–3.43) 0.8868

Vancocin (Yes) 1.21(0.82–1.79) 0.3453

Vasopressin 0 Ref

 < 65 units 5.06(2.54–10.06)  < 0.0001 1.1(0.5–2.42) 0.8213

 > 65 units 10.71(5.94–19.32)  < 0.0001 2.2(1.06–4.59) 0.0352

Warfarin (Yes) 0.61(0.39–0.96) 0.0316 0.49(0.31–0.78) 0.0025

RTI: respiratory tract infection; BMI, body mass index; PICC, peripherally inserted central catheter; CVVHDF, continuous venovenous hemodiafiltration; IHD, 
intermittent hemodialysis; ABP, arterial blood pressure;  FiO2, fraction of inspiration  O2. *: For patients receiving mechanical ventilation
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Fig. 3 Predictive performance evaluation results for the nomogram: A the training set’s ROC curve indicates Area Under Curve (AUC) values 
of 0.827, 0.799, and 0.777 for the 1-year, 3-year, and 5-year survival predictions in AKI patients, respectively; B the validation set’s ROC curve 
shows AUC values of 0.760, 0.743, and 0.740 for the 1-year, 3-year, and 5-year survival predictions in AKI patients, respectively; C calibration curves 
for the 1-year, 3-year, and 5-year survival predictions in the training set of AKI patients; D calibration curves for the 1-year, 3-year, and 5-year survival 
predictions in the validation set of AKI patients
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with the Shapiro–Wilk test. Data that were normally 
distributed are delineated as mean ± standard deviation, 
otherwise, as median with interquartile range (IQR). 
Categorical variables are manifested as percentages. The 
t tests and Wilcoxon rank-sum tests were leveraged for 
comparisons of continuous variables and Chi-square 
tests for categorical data. Key predictors for survival 
in AKI patients were discerned through univariate and 
stepwise Cox regression analyses. Propensity score 
matching (PSM) was utilized to include medications in 
the nomogram. The prognoses of patient groups were 
compared using the log-rank test and Kaplan–Meier 
survival curves were plotted.

Results
Patient characteristics
Initially, 24,111 individuals diagnosed with AKI were 
selected from the MIMIC-IV database. According to 

exclusion criteria (Fig.  2), 1,208 patients were finally 
included and further assigned to a training subset 
(837 patients) and a validation subset (371 patients). 
Demographic and clinical characteristics for these 
cohorts are listed in Table 1. The median age of all study 
populations was 67 years, with an interquartile range of 
57–75 years. Similarly, the median arterial blood pressure 
for all groups was 74, with an interquartile range of 
67–84. Sex and the use of oral ibuprofen and heparin 
tablets differed significantly (p < 0.05) among the groups, 
whereas other baseline characteristics were similar 
(Table 1).

Construction and validation of the predictive nomogram
The results of univariate and stepwise Cox regression 
analyses are detailed in Table  2. Variables that were 
significant in the univariate analysis (p < 0.05) were 
included in the stepwise model. The predictive 
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nomogram was developed based on variables that were 
significantly associated with the survival of AKI patients 
in the training set, including oxygen flow rate, respiratory 
rate, continuous venovenous hemodiafiltration 
(CVVHDF), age, and the history of medication use 
for ibuprofen, epinephrine, cefazolin, warfarin, and 
vasopressin. Figure  1 displays the nomogram. The AUC 
values of the nomogram for 1-, 3-, and 5-year survival 
predictions were 0.827, 0.799, and 0.777 in the training 
set, and 0.760, 0.743, and 0.740 in the validation set, 
respectively (Fig.  3). The calibration curves (Fig.  3) 
for both sets confirmed the predictive accuracy of the 
nomogram, and the clinical decision curves (Fig.  4) 

demonstrated the practical value of the nomogram in 
guiding clinical decisions.

PSM results
PSM (1:1) was performed using sex, age, BMI, and 
creatinine as covariates with a caliper of 0.01. Significant 
differences in age and BMI were noted for those 
with a medication history of cefazolin (n = 466). For 
ibuprofen, initial differences in sex, age, and creatinine 
were insignificant after matching (n = 208). Those 
with a medication history of vasopressin showed 
initial differences in BMI and creatinine, which were 
insignificant after PSM (n = 250). Those with a medication 
history of Warfarin exhibited initial differences in age, 

Table 3 Differences in confounders before and after PSM

Factors Before PSM After PSM

No Yes P Yes No P

1. Cefazolin

n 963 245 233 233

Sex = Male (%) 591 (61.4) 167 (68.2) 0.059 161 (69.1) 155 (66.5) 0.62

Age (median [IQR]) 66.12 [55.82, 74.40] 68.67 [61.06, 75.56] 0.002 68.36 [61.35, 75.63] 68.18 [60.67, 74.89] 0.634

BMI (median [IQR]) 28.72 [24.87, 33.61] 29.82 [26.28, 33.95] 0.029 29.42 [26.05, 34.41] 29.67 [26.01, 33.91] 0.941

Creatinine (median [IQR]) 0.90 [0.70, 1.10] 0.90 [0.80, 1.10] 0.869 0.90 [0.70, 1.10] 0.90 [0.80, 1.10] 0.553

2. Epinephrine

n 930 278 235 235

Gender = Male (%) 589 (63.3) 169 (60.8) 0.485 150 (63.8) 145 (61.7) 0.703

Age (median [IQR]) 67.15 [58.14, 74.70] 65.69 [53.73, 73.78] 0.056 66.09 [54.82, 74.11] 66.44 [55.42, 74.76] 0.767

BMI (median [IQR]) 29.04 [25.35, 33.68] 28.85 [24.58, 33.61] 0.646 28.70 [25.17, 33.55] 29.31 [24.69, 33.64] 0.729

Creatinine (median [IQR]) 0.90 [0.80, 1.10] 0.90 [0.72, 1.28] 0.029 0.90 [0.80, 1.10] 0.90 [0.70, 1.10] 0.797

3. Ibuprofen

n 1078 130 164 44

Gender = Male (%) 700 (64.9) 58 (44.6)  < 0.001 85 (51.8) 16 (36.4) 0.098

Age (median [IQR]) 67.46 [58.32, 75.07] 56.69 [44.85, 67.35]  < 0.001 61.46 [53.26, 71.08] 57.73 [49.26, 72.62] 0.62

BMI (median [IQR]) 28.95 [25.22, 33.62] 29.23 [24.91, 34.41] 0.788 28.60 [25.15, 33.65] 30.30 [25.55, 36.45] 0.22

Creatinine (median [IQR]) 0.90 [0.80, 1.10] 0.90 [0.70, 1.00] 0.006 0.90 [0.70, 1.10] 0.90 [0.80, 1.40] 0.024

4. Vasopressin

n 1075 133 125 125

Gender = Male (%) 680 (63.3) 78 (58.6) 0.346 83 (66.4) 75 (60.0) 0.359

Age (median [IQR]) 66.70 [57.41, 74.59] 66.55 [56.53, 75.19] 0.942 63.31 [54.96, 74.04] 66.64 [56.41, 75.19] 0.298

BMI (median [IQR]) 29.07 [25.34, 33.76] 27.99 [24.06, 32.74] 0.076 29.07 [25.39, 34.69] 28.07 [24.06, 33.16] 0.264

Creatinine (median [IQR]) 0.90 [0.80, 1.10] 1.00 [0.70, 1.20] 0.080 0.90 [0.80, 1.10] 1.00 [0.70, 1.20] 0.982

5. Warfarin

n 876 332 295 295

Gender = Male (%) 551 (62.9) 207 (62.3) 0.912 172 (58.3) 181 (61.4) 0.502

Age (median [IQR]) 65.78 [56.10, 73.82] 69.10 [60.61, 76.66]  < 0.001 67.72 [59.03, 75.07] 68.04 [59.37, 75.62] 0.633

BMI (median [IQR]) 28.70 [24.95, 33.59] 29.59 [25.56, 33.74] 0.078 29.24 [25.47, 34.66] 29.39 [25.45, 33.64] 0.837

Creatinine (median [IQR]) 0.90 [0.70, 1.10] 0.95 [0.80, 1.10] 0.008 0.90 [0.70, 1.10] 0.90 [0.80, 1.10] 0.165
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BMI, and creatinine, with no significant differences after 
PSM (n = 390). Demographic and clinical characteristics 
are listed in Table 3.

Prognostic differences after PSM
After PSM, the prognostic outcomes of the cohorts 
were compared. Cefazolin was significantly associated 

with improved patient prognosis, indicating a 
protective effect. Similarly, epinephrine also showed a 
significant link to better patient outcomes. Ibuprofen 
was a protective factor for prognosis, and this 
association was statistically significant. Conversely, 
warfarin and vasopressin were identified as significant 
risk factors, indicating a negative impact on prognosis. 
The differences in prognostic outcomes are detailed in 
Table 4.

K–M survival curves noted that patients taking 
cefazolin had a notably higher survival probability 
(p < 0.0001) than those not taking cefazolin. Those 
using ibuprofen also had a higher survival probability 
(p = 0.044). For warfarin, patients not using it had a 
slightly lower survival probability, but this difference 
was not statistically significant (p = 0.05). Interestingly, 
patients who did not use vasopressin had a significantly 
higher survival probability (p < 0.0001) than those who 
did. Similarly, patients not using epinephrine had a 
higher survival probability significant (p < 0.0001). The 
K–M survival curves after PSM are displayed in Fig. 5.

Discussion
AKI is a frequent issue in ICUs [5]. Research indicates 
that prevention and early detection of AKI can improve 
patient outcomes [3]. However, many patients have 
AKI upon ICU admission. As a result, ICU physicians 

Table 4 Prognostic comparisons of drug groups after PSM

Characteristic HR 95% CI p value

Cefazolin

No – –

Yes 0.159 0.057, 0.447  < 0.001

Epinephrine

No – –

Yes 11.383 4.887, 26.514  < 0.001

Ibuprofen

No – –

Yes 0.482 0.234, 0.993 0.048

Vasopressin

No – –

Yes 19.898 6.547, 60.479  < 0.001

Warfarin

No – –

Yes 0.585 0.368, 0.930 0.024

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ ++++ +++++++++++++++++++ +++++++
+++

+++
+++
+++

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ ++++++++ ++++++++++++++++++++++++++++++++++++++++ ++ ++++++ +++++++ +

p < 0.0001

0.00

0.25

0.50

0.75

1.00

0 1000 2000 3000 4000
Time

Su
rv
iv
al

pr
ob

ab
ilit
y

Strata + +CeFAZolin=No CeFAZolin=Yes

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ ++++++++++++++++++++++++++++++++++++++ +++++++ ++

++++++++++++++++++++++++ ++++++++++++++++++++++++++++++++++++++++++++++ ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ +

p < 0.0001

0.00

0.25

0.50

0.75

1.00

0 1000 2000 3000 4000
Time

Su
rv
iva

lp
ro
ba

bi
lity

Strata + +Epinephrine=No Epinephrine=Yes

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ ++++ + ++++ + + ++++ +++ ++

++++++++++++++++++++++++++++++++++++++++++++ ++++++ ++++++ + +++++ + +++++ ++++++++++++
+ ++++

p = 0.044

0.00

0.25

0.50

0.75

1.00

0 1000 2000 3000 4000
Time

Su
rv
iva

lp
ro
ba

bi
lity

Strata + +Ibuprofen=No Ibuprofen=Yes

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ ++++++++++++ ++++++++++++ ++++++++++++++++++++++
+ ++++

++
+
+++++ +

p < 0.0001

0.00

0.25

0.50

0.75

1.00

0 1000 2000 3000 4000
Time

Su
rv
iv
al

pr
ob

ab
ilit
y

Strata + +Vasopressin=No Vasopressin=Yes

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ +++++++++++++++++++++++++ ++++++++++++++

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ ++++++++++++++
++++++++

++
p = 0.05

0.00

0.25

0.50

0.75

1.00

0 1000 2000 3000 4000
Time

Su
rv
iva

lp
ro
ba

bi
lity

Strata + +Warfarin=No Warfarin=Yes

A B C

D E
Fig. 5 Kaplan–Meier survival curves for AKI patients after propensity score matching. A: The Kaplan–Meier survival curve indicated that AKI patients 
who used cefazolin had significantly higher survival probabilities compared to those who did not (p < 0.0001). B: Those who used ibuprofen 
showed a higher survival probability than non-users, though this was not statistically significant (p = 0.044). C: Patients not using warfarin had 
a lower survival probability than users, but this difference was not statistically significant (p = 0.05). D: Patients who abstained from vasopressin 
demonstrated significantly higher survival probabilities than those who used it (p < 0.0001). E: Those who did not use epinephrine had significantly 
higher survival probabilities compared to users (p < 0.0001)
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often focus more on how to treat AKI and predict its 
progression rather than on preventing or diagnosing it 
first. As for drug therapy for AKI, the effectiveness can 
differ across patients. To make well-informed decisions 
together, families and medical professionals need to make 
reliable predictions, not just rely on a doctor’s intuition 
and experience.

In our research, clinical indicators were utilized to 
create a nomogram to predict survival for ICU patients 
with AKI. Our study population consisted of 1,208 
individuals from the MIMIC-IV database. Through 
univariate and stepwise Cox regression analyses, 
the medication history of ibuprofen, epinephrine, 
cefazolin, warfarin, and vasopressin was identified to 
have a significant correlation with the survival of AKI 
patients in the training dataset. Then, a nomogram was 
established for AKI prognosis based on these significant 
factors, and its reliability was confirmed. The nomogram 
showed high predictive accuracy, calibration, and clinical 
applicability, indicating its potential as a useful tool for 
predicting AKI patient outcomes in the ICU setting. To 
our knowledge, this is the first nomogram designed to 
predict the survival of AKI patients in ICUs based on 
their medication history.

To mitigate the impact of confounders related to the 
drugs included in the nomogram, PSM was conducted 
to create two comparable cohorts. This allowed the 
comparisons of prognostic differences between patients 
who used these drugs and those who did not. The 
PSM results demonstrated that, after adjustment, the 
prognostic changes in patients using these drugs were 
consistent with the patterns identified in the nomogram. 
Because of the limited clinical utility of prognostic 
models based on a single biomarker, we opted for a 
nomogram, a widely employed prediction model that is 
effective in forecasting survival for a diverse range of ICU 
patients [18, 19].

Our research revealed that oxygen flow, respiratory 
rate, CVVHDF, age, and the use of specific medications 
(ibuprofen, epinephrine, cefazolin, warfarin, and 
vasopressin) significantly affected the survival of 
AKI patients. The predictive analysis suggested that 
ibuprofen could act as a protective factor for survival 
in these patients. Research suggested that short-
term or low-dose ibuprofen could alleviate kidney 
inflammation without causing renal damage [20]. 
Additionally, a real-world analysis of post-marketing 
surveillance data demonstrated that ibuprofen was 
relatively less nephrotoxic than acetaminophen in 
AKI patients [21]. Our results also showed that the 

prognosis of AKI patients deteriorated with age. This 
observation is consistent with numerous other studies 
that have underscored old age as a crucial factor for a 
higher incidence and poorer outcomes of AKI patients 
in the ICU [22, 23]. The predictive nomogram also 
uncovered that the use of cefazolin was a protective 
factor for AKI prognosis. Studies have indicated that 
cephalosporin antibiotics could indirectly protect 
renal function by reducing systemic inflammation 
and immune overreaction in the treatment of specific 
bacterial infections [24, 25]. Antibiotic administration 
is definitely protective for pediatric patients in the ICU 
[26]. Similarly, our predictive nomogram suggested 
that the use of warfarin might be a protective factor for 
AKI patients. Although warfarin may elevate the risk of 
bleeding, this increase is not pronounced at low doses 
[27]. A retrospective study from the MIMIC-IV database 
showed that warfarin administration was associated with 
improved short-term survival in AKI patients with atrial 
fibrillation [28].

Moreover, the predictive nomogram suggested that 
epinephrine use was negatively associated with AKI 
prognosis. The association between excessive fluid 
overload and acute kidney injury is well established. 
Specifically, fluid accumulation and consecutive 
increases in renal venous and interstitial pressure will 
result in a reduced trans-renal pressure gradient for 
renal blood flow [29]. Several studies have assessed the 
relationship between epinephrine usage and the survival 
of AKI patients in the ICU following cardiac surgery, 
and they consistently identify the use of epinephrine 
as a risk factor for poor survival [30]. Additionally, our 
predictive nomogram indicated that vasopressin was an 
adverse factor for AKI prognosis. Vasopressin induces 
the recruitment of aquaporine-2 and increases the 
permeability of the epithelial membrane to water [31]. 
Vasopressin might improve kidney function in patients 
at risk of kidney failure and reduce the incidence of renal 
failure and dysfunction [11].

However, our study has limitations. The retrospective 
and observational nature may introduce selection bias. 
As a single-site, retrospective study, it cannot disclose the 
causation. Our model, utilizing data from the MIMIC-IV 
database, lacked accessible variables like oral drug doses 
and durations, and some widely reported predictors. 
More randomized clinical trials and additional 
predictors are needed to validate our model. Missing 
data were estimated, which might deviate from actual 
values. Internal validation was performed, but external 
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validation across multiple centers is necessary to assess 
the models’ predictive power.

Conclusion
In conclusion, the survival of AKI patients in the ICU 
is influenced by various factors, including  O2 flow, 
respiratory rate, CVVHDF, age, and the medication 
history of ibuprofen, epinephrine, cefazolin, warfarin, and 
vasopressin. The nomogram based on 9 key factors has 
remarkable predictive accuracy and clinical applicability. 
This model may facilitate the early identification of AKI 
patients at elevated risk of mortality, thereby improving 
patient outcomes.
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