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Protocol for plasma sample collection

Plasma sample collection and storage
MESSI day zero plasma samples were obtained from residual citrated plasma collected at emergency department presentation, or for patients transferred from the hospital ward, at the point closest to ICU admission. Follow-up residual plasma was obtained approximately 48 hours after ICU admission. At each sampling timepoint, residual plasma was obtained from blood samples collected for clinical purposes following a standardized protocol: plasma was centrifuged within 30 minutes of blood draw, used for clinical testing, then refrigerated at 4°C. Residual plasma was collected from refrigerated samples by MESSI research staff within 24 hours, placed in aliquots, and frozen at –80°C until biomarker testing was performed. Stability studies suggest that our handling of plasma samples falls well within the storage requirements for cystatin C. Erlandsen1 showed cystatin C to be stable for at least 7 days when serum was stored at room temperature (20 oC), in a refrigerator (4 oC), or in a freezer (-20 oC). Similarly, Finney2 showed stability of cystatin C for two days at room temperature, and for one week at 4 oC. Lastly, Spithoven3 showed cystatin C to be stable in whole blood at room temperature for 48 hours. 

Plasma sample defrosting
Of the 192 day zero aliquots used in our study, 72 were never thawed and 120 were thawed at most twice prior to cystatin C testing. Of the 192 day two aliquots used in our study, none were ever thawed prior to cystatin C testing. Erlandsen1 showed cystatin C to be stable over 7 freeze/thaw cycles, suggesting that the day zero cystatin C measurements should be minimally affected by prior freeze/thaw cycles.

Table S1. Plasma sample availability

	Category
	Count
	Percentage

	Not included in cystatin C analyses
	
	

	   No samples obtaineda
	86
	11.6

	   Day zero sample onlyb
	178
	24.1

	   Day two sample only
	33
	4.5

	   Both samples obtained, collection times not aligned     with antibiotic follow-upc
	250
	33.8

	Included in cystatin C analyses
	
	

	Both samples obtained, collection times correctly aligned with antibiotic follow-up 
	192
	26.0

	Total
	739
	100.0


a- sufficient residual plasma from clinical blood draws not available. b- although the antibiotic cohort includes MESSI subjects enrolled from 2008-2020, routine collection of plasma samples on day two did not begin until 2011. c- samples obtained, but blood draw times did not align appropriately with allowable time periods for cystatin c measurement. 










Table S2. Baseline characteristics before and after weighting in cystatin C subcohort

	
	Unweighted Cohort
	Weighted Cohort

	
Variablea
	VN+CP (n=120b)
	VN+PT (n=72b)
	
smd
	VN+CP (n=120c)
	VN+PT (n=72c)
	
smdd

	Demographics

	Age, years, mean
	59.1
	59.8
	0.046
	59.0
	59.5
	0.032

	Male sex, %
	47.5
	52.8
	0.106
	48.0
	46.3
	0.042

	White race, %
	66.7
	75.0
	0.184
	67.5
	66.5
	0.036

	BMI, mean 
	27.2
	27.4
	0.026
	27.5
	27.6
	0.020

	Admission characteristics

	Admission source, %
	
	
	
	
	
	

	   ED
	60.8
	61.1
	0.006
	62.5
	60.1
	0.050

	   Ward
	33.3
	34.7
	0.029
	32.4
	36.2
	0.080

	   OSH
	5.8
	4.2
	0.077
	5.1
	3.7
	0.066

	Mechanical ventilation, %
	41.7
	50.0
	0.168
	44.5
	46.6
	0.043

	APACHE III, mean
	84.9
	93.2
	0.237
	86.3
	87.5
	0.034

	MAP, mmHG, mean 
	81.3
	78.5
	0.172
	80.2
	79.4
	0.047

	Heart beats per minute, mean 
	104.2
	103.1
	0.044
	104.7
	105.5
	0.038

	Temperature, oF, mean 
	99.1
	98.7
	0.194
	99.0
	99.2
	0.065

	Respirations per minute, mean 
	24.2
	23.7
	0.058
	24.2
	25.1
	0.115

	Kidney function

	Index creatinine, mg/dL, mean
	1.1
	1.2
	0.206
	1.1
	1.1
	0.037

	Index cystatin c, mg/L
	1.4
	1.4
	0.035
	1.4
	1.3
	0.069

	Index eGFR, ml/min, mean
	78.9
	74.3
	0.139
	78.2
	79.8
	0.056

	Infection characteristics

	Vancomycin dose, mg/kg, mean
	32.0
	30.9
	0.092
	31.7
	32.2
	0.051

	Infection source, %
	
	
	
	
	
	

	   Pulmonary
	55.8
	48.6
	0.145
	54.5
	55.3
	0.022

	   Abdominal
	12.5
	25.0
	0.324
	13.9
	15.5
	0.040

	   Other
	31.7
	26.4
	0.116
	31.5
	29.2
	0.052

	Comorbidities

	Heart failure, %
	17.5
	11.1
	0.183
	17.1
	17.7
	0.034

	Diabetes mellitus, %
	25.8
	31.9
	0.135
	28.4
	30.7
	0.051

	Hypertension, %
	50.8
	48.6
	0.044
	48.9
	43.1
	0.117

	Chronic kidney disease, %
	10.8
	11.1
	0.009
	11.1
	11.8
	0.024

	Cirrhosis, %
	8.3
	15.3
	0.216
	8.7
	8.4
	0.008

	Cancer, %
	52.5
	26.4
	0.554
	45.3
	39.6
	0.122

	Solid organ transplant, %
	9.2
	9.7
	0.019
	8.5
	12.2
	0.127

	Thyroid disease, %
	16.7
	15.3
	0.038
	15.3
	18.2
	0.080

	Laboratory values

	WBC, x 108 cells/L, mean
	10.9
	12.6
	0.146
	11.4
	11.2
	0.024

	Hemoglobin, g/dL, mean 
	9.9
	10.4
	0.192
	10.1
	10.2
	0.056

	Platelets, x 1011 cells/L, mean 
	156.1
	207.2
	0.359
	172.0
	179.7
	0.052

	Albumin, g/dL, mean 
	2.9
	3.0
	0.092
	2.9
	2.9
	0.037

	Bicarbonate,mEq/L, mean
	23.0
	21.2
	0.328
	22.8
	22.8
	0.015

	Chloride, mEq/L, mean 
	104.8
	104.0
	0.113
	104.5
	104.5
	0.013

	BUN,mg/dL, mean 
	23.9
	27.0
	0.169
	23.7
	22.8
	0.052

	Calcium, mg/dL, mean 
	8.2
	8.3
	0.100
	8.2
	8.3
	0.098

	Magnesium, mg/dL, mean 
	1.8
	1.8
	0.039
	1.8
	1.8
	0.053

	Bilirubin, mg/dL, mean
	1.6
	3.3
	0.359
	1.8
	2.0
	0.052

	Lactate, mmol/L, mean 
	2.3
	3.2
	0.305
	2.6
	2.5
	0.026

	Medications

	Aminoglycosides, %
	31.7
	34.7
	0.065
	29.9
	28.7
	0.027

	Other nephrotoxins, %
	27.5
	22.2
	0.122
	26.1
	27.5
	0.031

	Proton pump inhibitor, %
	36.7
	40.3
	0.074
	35.8
	34.7
	0.036

	Antihypertensives, %
	25.0
	19.4
	0.134
	23.6
	22.7
	0.033

	Steroids, %
	48.3
	38.9
	0.191
	45.1
	41.0
	0.082

	Thyroid supplementation, %
	13.3
	11.1
	0.068
	11.9
	15.0
	0.096


a- Covariate list includes two additional variables relative to the full antibiotic cohort specification (thyroid disease, thyroid supplementation) which are factors that may impact cystatin C concentrations.4 Additionally, several covariate categories were collapsed to avoid positivity violations resulting from covariate combinations with zero observations5 (race, infection source, cancer, other nephrotoxins, antihypertensives, steroids); b-actual sample size; c- effective sample size after inverse probability of treatment weighting. d- overall SMDs were obtained after weighting by taking the average of weighted SMDs calculated separately in each of the imputation datasets. SMD- standardized mean difference; BMI- body mass index; ED- emergency department; OSH- outside hospital; APACHE- Acute Physiology and Chronic Health Evaluation; MAP- mean arterial pressure; eGFR- estimated glomerular filtration rate; SSTI- skin and soft tissue infection; WBC- white blood cell; BUN- blood urea nitrogen

Table S3. Antibiotic dosinga

	Antibiotic
	VN+PT (n=297)
	VN+CP (n=442)

	
Vancomycin, median (IQR)
   mg/day
   mg/kg/day

Piperacillin/tazobactam, n(%)
   4.5 grams every six hours
   4.5 grams every eight hours
   2.25 grams every six hours

Cefepime, n (%)
   2 grams every 8 hours
   2 grams every 12 hours
   1 grams every 8 hours
   2 grams dailyb
   1 gram every 24 hours
   
	

2250 (1500, 3000)
31.2 (20.4, 35.9)


159 (53.5)
97 (32.7)
41 (13.8)


--
--
--
--
--

	

2250 (1750, 3000)
31.6 (21.4, 35.9)


--
--
--


68 (15.38)
116 (26.2)
157 (35.5)
81 (18.3)
20 (4.5)



a- Descriptive data in the table were calculated from doses administered during the first 24 hours after the index date. Antibiotic dosing was guided by standardized protocols in consultation with critical care pharmacists. Deviance from protocol recommended doses were made at the discretion of the ICU care team based on patient specific parameters such as microbiologic data, infectious source, body weight, and severity of illness. Piperacillin/tazobactam and cefepime were administered via extended-infusions (4 hours) throughout the study period. The vancomycin dosing protocol recommended that regimens were initiated with a loading dose of 25 mg/kg in patients with severe infection. Vancomycin maintenance dosing regimens were guided by critical care pharmacists based on patient body weight and renal function, targeting trough concentrations of 15–20 μg/mL. Timing of trough collection was tailored to approximate steady state concentrations based on assessment of patient renal function, typically after 3-5 doses. For patients with rapidly changing renal function, a “dose by level” strategy was employed, whereby each individual dose was tailored based on kidney function trajectory and measured vancomycin concentrations. b-given as either 1 gram every 12 hours or 2 grams every 24 hours.
Multiple imputation analysis

Imputation Methods

	Multiple imputation of missing baseline covariates was completed using the multiple imputation program in Stata/SE, version 17.0 for Mac. Imputed values were obtained using data augmentation, an iterative Markov chain Monte Carlo method.6-8 Imputed values were generated assuming an underlying multivariate normal model and the Jeffreys noninformative prior distribution.8 Fifty imputation data sets were produced, using an initial burn-in run of 500 iterations and a 500-iteration burn-in between each replication. The imputation model included all covariates included in the primary analysis (see Table 1), exposure variables, and additional auxiliary variables plausibly associated with the missing values.9,10 These included the outcome variables (acute kidney injury, mortality), and hospital length of stay. Continuous variables were assessed for normality and transformed accordingly for the imputation step, followed by reverse transformation for analysis in the multiply imputed data set. Estimation in the multiply imputed data set was conducted using the mi estimate command, which averages coefficients across imputations and adjusts standard errors for the variability between imputations according to the combination rules of Rubin.7 

Table S4. Missing data prevalence
	
Variable
	
Overall
	VN+CP (n=442)
	VN+PT (n=279)
	
smd

	Any missing, n, (%)
	361 (48.9)
	221 (50.0%)
	140 (47.1%)
	0.057

	Albumin, n, (%)
	277 (37.5)
	173 (39.1%)
	104 (35.0%)
	0.085

	Bilirubin, n, (%)
	116 (15.7)
	68 (15.4%)
	48 (16.2%)
	0.021

	Magnesium, n, (%)
	87 (11.8)
	46 (10.4%)
	41 (13.8%)
	0.104

	Lactate, n, (%)
	48 (6.5)
	25 (5.7%)
	23 (7.7%)
	0.084

	Calcium, n, (%)
	19 (2.6)
	12 (2.7%)
	7 (2.4%)
	0.023

	Urea nitrogen, n, (%)
	8 (1.1)
	5 (1.1%)
	3 (1.0%)
	0.012

	Chloride, n, (%)
	10 (1.4)
	6 (1.4%)
	4 (1.3%)
	0.001

	Bicarbonate, n, (%)
	8 (1.1)
	5 (1.1%)
	3 (1.0%)
	0.012

	Platelets, n, (%)
	10 (1.4)
	6 (1.4%)
	4 (1.3%)
	0.001

	Hemoglobin, n, (%)
	5 (0.7)
	4 (0.9%)
	1 (0.3%)
	0.072

	Leukocytes, n, (%)
	9 (1.2)
	6 (1.4%)
	3 (1.0%)
	0.032

	Mean arterial pressure, n, (%)
	9 (1.2)
	5 (1.1%)
	4 (1.3%)
	0.019

	Heart rate, n, (%)
	2 (0.3)
	0 (0.0%)
	2 (0.7%)
	0.116

	Respiratory rate, n, (%)
	3 (0.4)
	1 (0.2%)
	2 (0.7%)
	0.067

	Temperature, n, (%)
	6 (0.8)
	2 (0.5%)
	4 (1.3%)
	0.095

	Height, n, (%)
	7 (0.9)
	6 (1.4%)
	1 (0.3%)
	0.112

	Weight, n, (%)
	11 (1.5)
	9 (2.0%)
	2 (0.7%)
	0.118


smd- absolute standardized mean difference










Table S5. Baseline characteristics of patients across missingness categories

	Variable
	No missing data (n=378)
	At least one variable missing (n=361)
	smd

	Outcomes

	Mortality, n, (%)
	152 (40.2%)
	135 (37.4%)
	0.239

	AKI, n, (%)
	137 (36.2%)
	117 (32.4%)
	0.272

	RRT, n, (%)
	26 (6.9%)
	14 (3.9%)
	0.052

	LOS, median (IQR)
	12.3 (7.3, 19.9)
	12.9 (7.4, 23.5)
	0.051

	Demographics

	Age, years, mean (SD)
	60.7 (15.2)
	61.5 (14.6)
	0.079

	Male sex, n, (%)
	213 (56.3%)
	195 (54.0%)
	0.046

	Race, n, (%)
	
	
	

	   White
	253 (66.9%)
	233 (64.5%)
	0.044

	   Black
	104 (27.5%)
	98 (27.1%)
	0.040

	   Asian
	14 (3.7%)
	14 (3.9%)
	0.022

	   Other
	7 (1.9%)
	16 (4.4%)
	0.041

	Admission characteristics

	Admission source, n, (%)
	
	
	

	   ED
	209 (55.3%)
	175 (48.5%)
	0.185

	   Ward
	133 (35.2%)
	161 (44.6%)
	0.194

	   OSH
	36 (9.5%)
	25 (6.9%)
	0.011

	Mechanical ventilation, n, (%)
	183 (48.4%)
	137 (38.0%)
	0.073

	APACHE III, mean, (SD)
	90.6 (33.2)
	82.2 (32.6)
	0.155

	Kidney function

	Index creatinine, mean, (SD)
	1.2 (0.6)
	1.1 (0.6)
	0.081

	Index eGFR, mean, (SD)
	75.7 (33.4)
	81.1 (34.2)
	0.094

	Infection characteristics

	Vancomycin dose, mg, mean (SD)
	2406.7 (1032.8)
	2317.9 (1060.0)
	0.031

	Infection source, n, (%)
	
	
	

	   Pulmonary
	221 (58.5%)
	211 (58.4%)
	0.041

	   Abdominal
	51 (13.5%)
	34 (9.4%)
	0.119

	   Genitourinary
	28 (7.4%)
	28 (7.8%)
	0.011

	   Blood
	26 (6.9%)
	26 (7.2%)
	0.042

	   SSTI/Bone
	14 (3.7%)
	24 (6.6%)
	0.142

	   Unclear/Unknown
	38 (10.1%)
	38 (10.5%)
	0.123

	Comorbidities

	Heart failure, n, (%)
	55 (14.6%)
	48 (13.3%)
	0.056

	Diabetes mellitus, n, (%)
	107 (28.3%)
	100 (27.7%)
	0.110

	Hypertension, n, (%)
	191 (50.5%)
	197 (54.6%)
	0.012

	Chronic kidney disease, n, (%)
	48 (12.7%)
	41 (11.4%)
	0.013

	Cirrhosis, n, (%)
	43 (11.4%)
	18 (5.0%)
	0.229

	Metastatic solid cancer, n, (%)
	71 (18.8%)
	60 (16.6%)
	0.166

	Leukemia, n, (%)
	45 (11.9%)
	50 (13.9%)
	0.193

	Lymphoma, n, (%)
	30 (7.9%)
	33 (9.1%)
	0.260

	Myeloma, n, (%)
	15 (4.0%)
	13 (3.6%)
	0.098

	Solid organ transplant
	27 (7.1%)
	40 (11.1%)
	0.098

	Thyroid disease
	70 (18.5%)
	60 (16.6%)
	0.123

	Medications

	Aminoglycosides, n, (%)
	100 (26.5%)
	89 (24.7%)
	0.039

	NSAIDs, n, (%)
	20 (5.3%)
	26 (7.2%)
	0.012

	Calcineurin inhibitors, n, (%)
	30 (7.9%)
	31 (8.6%)
	0.115

	Loop diuretics, n, (%)
	40 (10.6%)
	41 (11.3%)
	0.111

	Trimethoprim/Sulfamethoxazole, n, (%)
	37 (9.8%)
	35 (9.7%)
	0.127

	Proton pump inhibitor, n, (%)
	157 (41.5%)
	144 (39.9%)
	0.080

	RAS inhibitor, n, (%)
	21 (5.6%)
	26 (7.2%)
	0.091

	Beta-blocker, n, (%)
	56 (14.8%)
	69 (19.1%)
	0.004

	Calcium channel blocker
	23 (6.1%)
	40 (11.1%)
	0.068

	Other antihypertensive, n, (%)
	29 (7.7%)
	31 (8.6%)
	0.150

	Stress-dose corticosteroid, n, (%)
	107 (28.3%)
	65 (18.0%)
	0.038

	Other steroids, n, (%)
	107 (28.3%)
	114 (31.6%)
	0.274

	Thyroid replacement, n, (%)
	65 (17.2%)
	42 (11.6%)
	0.048


AKI- acute kidney injury; RRT- renal replacement therapy; LOS- length of stay; SMD- absolute standardized mean difference; BMI- body mass index; ED- emergency department; OSH- outside hospital; APACHE- Acute Physiology and Chronic Health Evaluation; MAP- mean arterial pressure; eGFR- estimated glomerular filtration rate; SSTI- skin and soft tissue infection; NSAID- nonsteroidal antinflammatory drug; RAS- renin angiotensin system


Table S6. Observed vs. Imputed values 

	
	Imputed values, median (IQR)
	Observed values, median (IQR)

	Magnesium, mg/dL
	1.8 (1.5-2.1)
	1.8 (1.6-2.0)

	Calcium, mg/dL
	8.2 (7.5-9.0)
	8.2 (7.6-8.8)

	Urea nitrogen,mg/dL
	16 (11-2)
	19 (13-30)

	Lactate, mmol/L
	1.3 (0.8-2.1)
	1.6 (1.0-2.6)

	Bilirubin, mg/dL
	0.8 (0.4-1.5)
	0.8 (0.6-1.6)

	Chloride, mEq/L
	103 (99-108)
	105 (100-109)

	Bicarbonate,mEq/L
	28 (24-33)
	23 (20-26)

	Platelets, x 1011 cells/L
	177 (60-330)
	164 (75-268)

	Albumin, g/dL
	2.6 (2.1-3.3)
	2.7 (2.2-3.2)

	Hemoglobin, g/dL
	9.6 (8.3-11.1)
	9.6 (8.3-11.3)

	WBC, x 108 cells/L
	4.6 (1.4, 13.8)
	10.1 (4.4-16.8)

	Height, cm
	172 (165-180)
	170 (163-178)

	Weight, kg
	79 (66-98)
	75 (63-91)

	MAP, mmHG
	80 (68, 93)
	80 (69-91)

	Heart beats per minute
	90 (77-108)
	103 (88-119)

	Respirations per minute
	24 (20-29)
	22 (19-27)

	Temperature, oF
	97.6 (96.1-98.8)
	98.6 (97.9-99.9)










Figure S1. Overview of data analysis strategy
[image: ]
a- Original data set with missing data (represented by white cut-out portion in bottom right corner). b- Series of imputed data sets, each with a (randomly) different imputed value for the missing data (represented by different color squares in bottom right corners). c and d- Analyses are repeated separately in each imputed dataset (propensity score estimation, inverse probability of treatment weighting, covariate balance assessment, and weighted outcome regressions;  e- final outcome regression models obtained using Rubin’s rules.7 


Figure S2. Overlap of propensity score distributions in antibiotic cohort [image: ]

Blue line denotes VN+PT group, red line denotes VN+CP group. a. Propensity scores from the 50 imputation datasets were averaged before assessing overlap. b. Overlap of propensity score distribution for a randomly selected imputation set (#46). Solid lines represent bounds for the overlap cohort; dashed lines represent bounds for the trimmed cohort


Figure S3. Overlap of propensity score distributions in cystatin C cohort
[image: ]

Blue line denotes VN+PT group, red line denotes VN+CP group. a. Propensity scores from the 50 imputation datasets were averaged before assessing overlap. b. Overlap of propensity score distribution for a randomly selected imputation set (#25). Solid lines represent bounds for the overlap cohort; dashed lines represent bounds for the trimmed cohort


























Table S6. Characteristics of patients with vs. without cystatin C samples available for analysis. 

	

Covariatea
	Cystatin C unavailable (n=547)
	Cystatin C available (n=192)
	

smd

	Demographics

	Age, years, mean
	61.7 
	59.3 
	0.156

	Male sex, %
	57.2
	49.5
	0.156

	White race, %
	64.4
	69.8
	0.116

	BMI, mean 
	27.5 
	27.3
	0.020

	Admission characteristics

	Admission source, %
	
	
	

	   ED
	48.8
	60.9
	0.246

	   Ward
	41.9
	33.9
	0.166

	   OSH
	9.3
	5.2
	0.159

	Mechanical ventilation, %
	42.6
	44.8
	0.044

	APACHE III, mean
	85.9 
	88.0 
	0.062

	MAP, mmHG, mean 
	81.1 
	80.3 
	0.049

	Heart beats per minute, mean 
	103.2 
	103.8 
	0.027

	Temperature, oF, mean 
	98.9 
	99.0 
	0.035

	Respirations per minute, mean 
	23.2 
	24.0 
	0.113

	Kidney function

	Index creatinine, mg/dL, mean
	1.1 
	1.1 
	0.024

	Index eGFR, ml/min, mean
	78.8 
	77.2 
	0.048

	Infection characteristics

	Vancomycin dose, mg/kg, mean
	30.2
	31.6 
	0.119

	Infection source, %
	
	
	

	   Pulmonary
	60.3
	53.1
	0.146

	   Abdominal
	9.5
	17.2
	0.227

	   Other
	30.2
	29.7
	0.010

	Comorbidities

	Heart failure, %
	13.5
	15.1
	0.045

	Diabetes mellitus, %
	28.0
	28.1
	0.003

	Hypertension, %
	53.4
	50.0
	0.068

	Chronic kidney disease, %
	12.4
	10.9
	0.047

	Cirrhosis, %
	7.3
	10.9
	0.126

	Cancer, %
	41.3
	42.7
	0.028

	Solid organ transplant, %
	9.0
	9.4
	0.014

	Thyroid disease, %
	18.1
	16.1
	0.052

	Laboratory values

	WBC, x 108 cells/L, mean
	12.3 
	11.6 
	0.062

	Hemoglobin, g/dL, mean 
	9.8 
	10.1 
	0.122

	Platelets, x 1011 cells/L, mean 
	190.3 
	175.2 
	0.108

	Albumin, g/dL, mean 
	2.6
	2.9 
	0.391

	Bicarbonate, mEq/L, mean
	23.7 
	22.3 
	0.263

	Chloride, mEq/L, mean 
	104.9 
	104.5 
	0.053

	BUN, mg/dL, mean 
	24.2 
	25.1
	0.052

	Calcium, mg/dL, mean 
	8.1
	8.3 
	0.110

	Magnesium, mg/dL, mean 
	1.8
	1.8 
	0.034

	Bilirubin, mg/dL, mean
	1.8 
	2.2 
	0.119

	Lactate, mmol/L, mean 
	1.9 
	2.6 
	0.345

	Medications

	Aminoglycosides, %
	23.0
	32.8
	0.219

	Other nephrotoxins, %
	30.0
	25.5
	0.100

	Proton pump inhibitor, %
	41.7
	38.0
	0.075

	Antihypertensives, %
	29.1
	22.9
	0.141

	Steroids, %
	47.9
	44.8
	0.062

	Thyroid supplementation, %
	15.2
	12.5
	0.077


a- Covariate list includes two additional variables relative to the full antibiotic cohort specification (thyroid disease, thyroid supplementation) which are factors that may impact cystatin C concentrations.4 Additionally, several covariate categories were collapsed to avoid positivity violations resulting from covariate combinations with zero observations5 (race, infection source, cancer, other nephrotoxins, antihypertensives, steroids); b-actual sample size; c- effective sample size after inverse probability of treatment weighting. SMD- standardized mean difference; BMI- body mass index; ED- emergency department; OSH- outside hospital; APACHE- Acute Physiology and Chronic Health Evaluation; MAP- mean arterial pressure; eGFR- estimated glomerular filtration rate; SSTI- skin and soft tissue infection; WBC- white blood cell; BUN- blood urea nitrogen




































Table S7: Incidence rate of BUN increases 50% from baseline through day 14
	
Outcome
	VN+PT (n=297)
	VN+CP (n=442)
	Rate Ratioa
(95% CI)

	50% increase BUN through day 14
     Crude estimate
	
123 (41.4)
	
180 (40.7)
	
1.02 (0.85, 1.27)

	     Weighted estimate
	
	
	0.85 (0.66, 1.11)


a- rate ratio estimated from Poisson regression accounting for person-time at risk



Figure S4. Time to KDIGO-defined AKI
[image: ]
The figure shows the time to acute kidney injury defined according to the KDIGO creatinine criteria. Time to AKI was significantly shorter for the VN+PT group vs. VN+CP group (log rank test, p<0.001)











[bookmark: _GoBack]Table S9. Biomarker results after propensity score trimming
	
	% Difference,a
(95% CI)
	Rate Ratio,g
(95% CI)

	Cystatin C, mg/L, mean (SD)b
   Overlapping propensity scoresc
   Trimmed propensity scoresd
	
-4.56 (-17.64, 10.59)
-4.66 (-18.09, 10.98)
	
--
--

	50% increase cystatin C, n (%)b
   Overlapping propensity scoresc
   Trimmed propensity scoresd
	
--
--
	
1.07 (0.59, 2.35)
1.04 (0.47, 2.34)

	Cystatin C:Creatinine ratio, mean (SD)b,e
   Overlapping propensity scores
   Trimmed propensity scores
	
-12.26 (-23.46, 0.58)
-12.78 (-23.50, -0.55)
	
--
--

	Creatinine, mg/dL, mean (SDf
   Overlapping propensity scoresc
   Trimmed propensity scoresd
	
10.99 (-2.22, 25.99) 
10.08 (-3.55, 25.64)
	
--
--

	50% increase creatinine, n (%)f
   Overlap cohort
   Trimmed cohort
	
--
--
	
1.54 (1.02, 2.33)
1.52 (1.00, 2.31)

	BUN, mg/dL, mean (SD)f
   Overlapping propensity scoresc
   Trimmed propensity scoresd
	
-8.35 (-23.80, 10.22)
-9.85 (-25.65, 9.29)
	
--
--

	50% increase BUN, n (%)f
   Overlapping propensity scoresc
   Trimmed propensity scoresd
	
--
--
	
0.89 (0.64, 1.23)
0.96 (0.69, 1.33)

	BUN:Creatinine ratio, mean (SD)e,f
   Overlapping propensity scoresc
   Trimmed propensity scoresd
	
-12.30 (-17.47, -6.81)
-12.15 (-17.49, -6.45)
	
--
--


a- Comparison of biomarker concentrations at day two, adjusted for baseline concentration. Biomarker concentrations were log-transformed for analysis and model coefficients were exponentiated to provide the percentage difference between groups; b. estimates obtained in the cystatin C subcohort (n=192); c- analysis repeated after restricting to patients with overlapping propensity scores. d- analysis repeated after restricting to patients with propensity scores between the 1st and 99th percentiles of the overlapping propensity scores; e- values below one indicate creatinine increased to a greater extent than comparator biomarker (Cys-C or BUN); f- estimates obtained from antibiotic cohort (n=739); g- rate ratio estimated from Poisson regression accounting for person-time at risk

















Table S10. Clinical outcome results after propensity score trimming
	
	Rate Ratio,
(95% CI)a

	KDIGO-AKI at 14 days   
   Overlapping propensity scoresb
   Trimmed propensity scoresc
	
1.33 (1.01, 1.76)
1.36 (1.02, 1.80)

	KDIGO-AKI stage 2/3 at 14 days       
   Overlapping propensity scores
   Trimmed propensity scores
	
1.11 (0.74, 1.67)
1.20 (0.79, 1.82)

	AKI requiring dialysis at 14 daysd        
   Overlapping propensity scoresb
   Trimmed propensity scoresc
	
0.64 (0.31, 1.31)
0.63 (0.29, 1.31)

	Mortality at 30 day 
   Overlapping propensity scoresb
   Trimmed propensity scoresc
	
1.05 (0.79, 1.40)
1.07 (0.79, 1.44)


a- rate ratio estimated from Poisson regression accounting for person-time at risk; b- analysis repeated after restricting to patients with overlapping propensity scores. c- analysis repeated after restricting to patients with propensity scores between the 1st and 99th percentiles of the overlapping propensity scores; d- AKI events occurring through day 14 were followed for 7 days from the onset of AKI to observe for dialysis initiation



Table S11: Analyses adjusting for calendar year
	Outcome
	Rate ratio, (95% CI)a

	50% increase Cystatin C at day two
	0.92 (0.43, 1.97)


	50% increase creatinine at day two

	1.56 (1.03, 2.35)


	KDIGO-AKI at day 14

	1.34 (0.01, 1.78)


	Renal replacement therapya

	0.64 (0.32, 1.30)


	Mortality at day 30 

	1.06 (0.69, 1.41)


a- rate ratio estimated from Poisson regression accounting for person-time at risk

















Table S12: Analysis of cystatin C in patients unexposed to corticosteroids
	 
	VN+CP
	VN+PT
	Effect estimate (95% CI)

	Cystatin C concentration at                48 hours, mg/L, mean (SD)a
	
	

	  Crude
	1.44 (1.14)
	1.27 (0.58)
	-4.32 (-22.56, 18.21)

	  IPTW
	 
	
	-10.48 (-24.18, 5.69)

	>50% increase cystatin C                     at 48 hours, n (%)b
	
	

	  Crude
	8 (12.9)
	6 (13.6)
	1.06 (0.39, 2.84)

	  IPTW
	 
	
	0.74 (0.24, 2.18)


a- Comparison of biomarker concentrations at day two, adjusted for baseline concentration. Biomarker concentrations were log-transformed for analysis and model coefficients were exponentiated to provide the percentage difference between groups; b- rate ratio estimated from Poisson regression accounting for person-time at risk



Table S13: Analysis of KDIGO defined acute kidney injury through day seven
	Outcome
	
	
	VN+CP
	VN+PT
	Rate Ratioa (95% CI)

	KDIGO-AKI at 7 days, n (%)
	
	
	

	  Crude
	128 (28.9)
	124 (41.8)
	1.59 (1.24, 2.05)

	  IPTW
	
	
	1.33 (1.01, 1.75)


a- rate ratio estimated from Poisson regression accounting for person-time at risk
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