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ABSTRACT 

Vancomycin is a first-line drug in the treatment of infections by multi-resistant 

microorganisms, such as MRSA, coagulase-negative methicillin-resistant 

Staphylococci and Enterococcus faecium. However, according to several studies, 

Vancomycin may be associated with significant nephrotoxicity. Several risk factors can 

increase the occurrence of nephrotoxicity, including high doses, prolonged therapy, 

combination with other nephrotoxic agents and admission to intensive care units. This 

study analyzes the relationship between the occurrence of nephrotoxicity in patients 

without previous chronic kidney disease who were administered Vancomycin with 

Piperacillin/Tazobactam for at least 48h during hospitalization. A total of 101 patients 

admitted to the Centro Hospitalar Universitário São João between April and September 

2021 were included. Based on the results obtained, no statistically significant 

association was found between the occurrence of renal dysfunction and the time of 

concomitant antibiotic therapy (p=0.384), Charlson index (p=0.067), Vancomycin 

trough levels (p=0.967) or maximum dose intervals of Vancomycin trough (p=0.139). 

No statistically significant association was also found between the degrees of acute 

kidney injury and the maximum dose intervals of Vancomycin trough (p=0.363). 

However, the association between the use of Vancomycin with 

Piperacillin/Tazobactam and the occurrence of nephrotoxicity cannot be completely 

ruled out due to missing data in clinical records on the doses administered of these 

medications. This study has some limitations, as it is a retrospective and observational 

single-center cohort study, so future research should consider studying larger 

populations in order to obtain statistically significant results. 

 

KEYWORDS: Nephrotoxicity; Piperacilin; Tazobactam; Vancomycin. 
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INTRODUCTION 

 According to the scientific literature, in the face of an infection by multi-resistant 

microorganisms, such as Methicillin-resistant Staphylococcus Aureus (MRSA)1, 

Coagulase-negative methicillin-resistant Staphylococci and Enterococcus faecium, the 

first-line drug is Vancomycin, which has been associated with significant 

nephrotoxicity.2-4 

 The recommended dose of intravenous (IV) Vancomycin administration, 

according to the guidelines of the American Society of Infectious Diseases in patients 

with normal renal function, is 15-20 mg/kg/dose every 8-12 hours, not exceeding 2g 

per dose.5 

 Although cases of nephrotoxicity are often reversible, with discontinuation or 

dose adjustment of the drug, several risk factors contribute to the occurrence of this 

phenomenon.6,7 Among these, high doses (especially >20mg/l) or a daily dose 

exceeding 2 g/day stand out8,9, prolonged therapy (>7 days) in combination with other 

potentially nephrotoxic agents and admission to intensive care units with long stays.10 

The bactericidal activity of vancomycin is considered to be mainly time-dependent, 

rather than concentration-dependent. Increased doses of this drug increase its 

nephrotoxic risk.11,12 

 The combined antibiotic treatment of Vancomycin with Piperacillin/Tazobactam 

(VPT) is associated with an increased risk of incidence of nephrotoxicity, which may 

manifest as Acute Kidney Injury (AKI)13-15, when compared to other pharmacological 

combinations. This nephrotoxic effect, accepted as a clinical entity, can, however, be 

minimized through monitoring of renal function and dose adjustment.16 

 Vancomycin is often used in combination with various antibiotic formulations, 

including Piperacillin/Tazobactam (PT)17, both in initial empirical therapy and in 
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moderate to severe infections. Unlike vancomycin, PT is rarely associated with 

nephrotoxicity when administered alone.18 

 The results of several studies suggest that the likelihood of acute kidney injury 

is greater when using Vancomycin with Piperacillin/Tazobactam compared to therapy 

with Vancomycin alone or combined with Cefepime or Meropenem.19 

Despite the fact that cases of nephrotoxicity caused by vancomycin are 

infrequent and often reversible, several possible predisposing factors have been 

established.20,21 

Age, prolonged therapies with vancomycin or combination with other 

nephrotoxic agents, therapeutic regimens with increased doses of vancomycin, 

critically ill patients and patients with compromised renal function are all factors or 

conditions that increase the risk of occurrence of vancomycin-induced 

nephrotoxicity.22,23 

 This dissertation aims to study a possible relationship between the occurrence 

of nephrotoxicity in patients without prior chronic kidney disease, grouped in a 

database of the Nephrology Service of the Centro Hospitalar Universitário São João, 

E.P.E. (CHUSJ), to whom Vancomycin with Piperacillin/Tazobactam was administered 

for at least 48 hours. 

 

SUBJECTS AND METHODS 

 This is a single-center retrospective cohort study (see Annex C), which aims to 

investigate the prevalence of nephrotoxicity in patients who underwent antibiotic 

therapy with the combination of Vancomycin and Piperacillin/Tazobactam. Additionally, 

it is intended to understand if supratherapeutic levels are associated with a higher risk 

of nephrotoxicity. 
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In the data collection, the digital hospital clinical processes present on the 

SClínico® platform were retrospectively consulted for all patients included in the study. 

Subsequently, the data was processed using IBM SPSS Statistics software version 

29.0.0.0 (241). The following variables were considered as follows: 

1. Place of hospitalization (Medical Ward, Surgical Ward, Intermediate Care Unit, 

Intensive Care Unit) 

2. Hospitalization Time 

3. Age 

4. Outcome (discharge, death) 

5. Gender  

6. Charlson Index (Acute myocardial infarction, Heart failure, Peripheral vascular 

disease, Dementia, Chronic pulmonary disease, Rheumatologic disease, Peptic 

ulcer disease, Moderate liver disease, Diabetes without complications, Diabetes 

with complications, Hemiplegia or paraplegia, Renal disease, Solid tumor, 

Leukemia, Lymphoma, Moderate or severe liver disease , HIV , Metastatic solid 

tumor); Previous CKD (Acute kidney injury , Acute chronic kidney disease , No 

kidney injury) 

7. Baseline Creatinine 

8. Creatinine at the date of discharge 

9. Duration of concomitant therapy 

10. Maximum dose of Vancomycin in the trough 

11. Renal dysfunction 

12. Degree of acute kidney injury (KDIGO1, KDIGO2, KDIGO3) 

13. Vancomycin dosing intervals in the trough 
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From a total of 400 patients registered in the Nephrology Service database 

admitted to CHUSJ between April 2021 and September 2021 who were administered 

Vancomycin with Piperacillin/Tazobactam for at least 48 hours during hospitalization, 

299 were excluded, of which 58 presented AKI/acute CKD, 9 previous AKI, 221 did not 

receive concomitant vancomycin with Piperacillin/Tazobactam or for at least 48 hours, 

and 11 patients were not hospitalized during the study period. 

Given the defined variables, the following criteria were established: 

Inclusion Criteria: 

● All patients admitted to CHUSJ between April and September 2021, who 

underwent antibiotic therapy with Vancomycin in combination with 

Piperacillin/Tazobactam for at least 48 hours;  

● Over 18 years old without previous chronic kidney disease. 

Exclusion Criteria: 

● Patients with previous chronic kidney disease and in need of renal function 

replacement therapy (hemodialysis or peritoneal dialysis);  

● Acute kidney injury present prior to antibiotic therapy defined as an elevation of 

plasma creatinine value greater than 1.5x the known baseline creatinine value 

of the patient or >0.3 mg/dl. 

This information is systematized in the following flowchart. 
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Figure 1 - Flowchart with sample selection criteria

 
 

 

RESULTS 

From a total of 101 patients included in the study, 41 (40.6%) are women and 

60 (59.4%) are men, with an average age of 64.94 years, a median of 66 years, with a 

standard deviation of 13.9. According to the data collected (see Table I: 

Characterization of Renal Dysfunction cases according to the degree of Acute Kidney 
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Injury - Annex B), it can be seen that the total number of patients who developed renal 

dysfunction during hospitalization was 38, of which 18 patients (47.4%) were classified 

with acute kidney injury degree KDIGO 1, 11 patients (28.9%) were classified with 

acute kidney injury degree KDIGO 2 and 9 patients (23.7%) were classified with acute 

kidney injury degree KDIGO 3.  

Regarding Table II: Characterization of Renal Dysfunction cases according to 

the Vancomycin dosing intervals in the trough (Annex B), of the 36 patients who did 

not develop renal dysfunction, 3 (8.3%) presented a subtherapeutic dose of 

Vancomycin in the trough in the range <10mg/l, 5 (13.9%) presented a therapeutic 

dose of Vancomycin in the trough in the range 10-15mg/l, 8 patients (22.2%) presented 

a supratherapeutic dose due to infection by multiresistant microorganisms of 

Vancomycin in the trough in the range 15-20mg/l and 20 (55.6%) presented a 

supratherapeutic dose of Vancomycin in the trough in the range >20 mg/l. 

In relation to patients who developed renal dysfunction, 3 (5.9%) had a 

subtherapeutic Vancomycin trough dose within the range <10mg/l, 1 (6.7%) had a 

therapeutic Vancomycin trough dose within the range of 10-15 mg/l, 8 patients (53.3%) 

had a supratherapeutic dose for infection by multiresistant microorganisms of 

Vancomycin trough within the range of 15-20mg/l and 6 (40.0%) had a 

supratherapeutic dose of Vancomycin trough within the range >20mg/l. 

Analyzing Table III: Characterization of Acute Kidney Injury cases according to 

the intervals of maximum Vancomycin trough doses (Annex B), it can be observed that, 

out of a total of 15 patients who developed kidney injury, there is no data for the 

subtherapeutic dose interval of Vancomycin trough <10 mg/l; only 1 patient (6.7%) with 

KDIGO 3 Renal Injury (33.3%) presented a therapeutic dose of Vancomycin trough, in 

the range between 10 to 15 mg/l; 8 patients (53.3%), of which 4 patients (57.1%) with 
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KDIGO 1 Renal Injury, 3 patients (60.0%) with KDIGO 2 Renal Injury and 1 patient 

(33.3%) with KDIGO 3 Renal Injury presented a supratherapeutic dose for infection by 

multiresistant microorganisms of Vancomycin trough, within the range between 15 to 

20mg/l; and 6 patients (40.0%), 3 (42.9%) with KDIGO 1 Renal Injury, 2 patients (40%) 

with KDIGO 2 Renal Injury and 1 patient (33.3%) presented a supratherapeutic dose 

of Vancomycin trough with a value greater than 20mg/l. 

To answer the study question, the prevalence of nephrotoxicity associated with 

the use of Vancomycin with Piperacillin/Tazobactam in patients without previous 

kidney injury for at least 48h, the Mann-Whitney Test was used, obtaining the results 

expressed in Table IV: Summarization of Hypothesis Tests (Annex B). 

Groups of patients with and without renal dysfunction were compared and the 

distribution of ages was p=0.839; the distribution of hospitalization time was p=0.692; 

the distribution of the Charlson index was p=0.067; the distribution of concomitant 

therapy time was p=0.0384; and the distribution of the maximum Vancomycin trough 

dose, with a value of p=0.967. 
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Figure 2 - Graph of the Age  

 
Upon closer observation of the data related to age, it is possible through the 

analysis of Figure 2, to realize that the median of the distribution of ages of patients 

with renal dysfunction (n=38) and without renal dysfunction (n=63) does not present a 

statistically significant difference, whose p-value is p=0.839. 
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 Figure 3 - Graph of the Hospitalization Time 

 

By analyzing Figure 3, it can be observed that the distribution of the medians of 

the hospitalization time of patients with renal dysfunction (n=38) and without renal 

dysfunction (n=63) does not present a statistically significant difference, whose p-value 

is p=0.692.  
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Figure 4 - Graph of the Charlson Index 

 

The distribution of the medians of the Charlson Index of patients with renal 

dysfunction (n=38) and without renal dysfunction (n=63) does not present a statistically 

significant difference, whose p-value is p=0.067, as shown by Figure 4. 
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Figure 5 - Graph of the Concomitant Antibiotic Therapy Time 

 
The graph in Figure 5 shows that the distribution of the medians of the 

concomitant antibiotic therapy time of patients with renal dysfunction (n=38) and 

without renal dysfunction (n=63) does not present a statistically significant difference, 

whose p-value is p=0.0384. 
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Figure 6 - Graph of Maximum Dose of Vancomycin in the Trough 

 

The data in Figure6 suggest that the distribution of the medians of the maximum 

Vancomycin trough dose of patients with renal dysfunction (n=15) and without renal 

dysfunction (n=36) does not present a statistically significant difference, whose p-value 

is p=0.967. 

In Table V: Chi-square test between the variables Renal Dysfunction and 

Maximum Vancomycin trough dose intervals (Annex B), through its analysis, it is 

observed that with a p-value of p=0.139, the variables Renal Dysfunction and 

Maximum Vancomycin trough dose intervals do not present a statistically significant 

difference. 

In Table VI: Chi-square test between the variables AKI degree and Maximum 

Vancomycin trough dose intervals (Annex B), through its analysis, it is understood that 

with a p-value of p=0.363, the variables AKI and Maximum Vancomycin trough dose 

intervals do not present a statistically significant difference. 
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DISCUSSION 

In this study, it is understood that among hospitalized patients treated with 

Vancomycin associated with Piperacillin/Tazobactam against infections by multi-

resistant microorganisms, some may develop renal dysfunction, as corroborated by 

scientific evidence.2-4 

Regarding to the guidelines of the American Society of Infectious Diseases, in 

patients with normal renal function, which refer to the recommended daily dose for 

intravenous administration of Vancomycin, pointing to a value that should not exceed 

2g daily5, which is also suggested in this study. However, the lack of information on 

Vancomycin and Piperacillin/Tazobactam doses in the available clinical records did not 

allow access to this information for all patients.  

In relation to the cases of nephrotoxicity, although it is known that they can often 

be reversible, it is also known that there are risk factors.6,7 that can enhance this 

occurrence. In this study, it is understood that the combination with other potentially 

nephrotoxic agents and admission to intensive care units with long stays can be also 

be risk factors for the development of nephrotoxicity.10 Similarly, it is also understood 

that increased doses of Vancomycin enhance the nephrotoxic risk, as suggested by 

other studies.8,9,11,12 

 With reference to nephrotoxic effect resulting from the combined antibiotic 

treatment of VPT, which can result in cases of AKI, some studies point to the possibility 

of it being minimized through monitoring of renal function and dose adjustment16, 

something that can be confirmed based on the results of Table V (Annex B).  

In terms of the occurrence of acute kidney injury, there is evidence that indicates 

a higher probability of AKI occurrence with the use of Vancomycin associated with 

Piperacillin/Tazobactam, compared to Vancomycin therapy alone or combined with 
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Cefepime or Meropenem.19 Such evidence could not be confirmed in this study, due 

to the fact that the other pharmacological formulations were not the subject of study in 

this document. 

Taking into account the predisposing factors for cases where nephrotoxicity 

caused by Vancomycin is recorded, although infrequent and often reversible, pointed 

out in some studies, there are several factors that can increase the risk of developing 

nephrotoxicity. These may include age, pre-existing kidney disease, concomitant use 

of other nephrotoxic drugs, and high doses or prolonged use of Vancomycin.20,21 In 

this study, several factors were analyzed to determine their potential impact on the 

development of nephrotoxicity caused by Vancomycin. These factors included age, 

hospitalization time, Charlson index, concomitant antibiotic therapy time, and 

maximum Vancomycin dose. 

Several studies22,23 point out the following factors or conditions increase the risk 

of Vancomycin-induced nephrotoxicity: age, prolonged Vancomycin therapy or 

combination with other nephrotoxic agents, increased dose Vancomycin therapeutic 

regimens, critically ill patients and patients with compromised renal function. This is 

also suggested by this investigation. 

Based on the analysis, the results of this study do not suggest a statistically 

significant association between the occurrence of “renal dysfunction” with “concomitant 

antibiotic therapy time” (p=0.384), “Charlson index” (p=0.067), “Vancomycin trough 

levels” (p=0.967), nor with “maximum Vancomycin trough dose intervals” (p=0.139). 

Additionally, no statistical significance was found between the variable “degrees of 

AKI” in patients who developed renal dysfunction and the variable “maximum 

Vancomycin trough dose intervals” (p=0.363). 

Although the results do not confirm the association between taking Vancomycin 
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with Piperacillin/Tazobactam and the occurrence of nephrotoxicity, this cannot be 

completely ruled out due to the omission of data in clinical records on the doses 

administered of these drugs. The latter were only available in 50% of the patients in 

the sample. This fact may have had an impact on the results obtained, they were not 

statistically significant, as well as due to the small size of the sample. 

In addition to this limitation, in this study it can also be pointed out that it is a 

retrospective and observational unicentric cohort study.  

According to what is pointed out here, in terms of implications for clinical 

practice, this study reinforces the importance of establishing and/or reinforcing 

pharmacovigilance protocols for monitoring and adjusting Vancomycin doses, 

particularly in high-risk patients. The need for more systematic records with all relevant 

information for each patient at each moment is also reaffirmed in this report. 

Taking into consideration the above, some aspects should be considered in 

future investigations, namely the study of populations from which larger samples can 

be taken, as with a larger sample, statistically significant results could probably be 

obtained.  
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Table I: Characterization of Renal Dysfunction cases according to the degree of 
Acute Kidney Injurya 

  AKI Degree 

  1 2 3 Total 

Renal Dysfunction Nr. of cases 18 11 9 38 

 % Renal Dysfunction 47.4% 28.9% 23.7% 100.0% 

a. AKI – Acute Kidney Injury 
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Table II: Characterization of Renal Dysfunction cases according to the Vancomycin 
dosing intervals in the trough 

  Renal Dysfunction cases according to the 
Vancomycin dosing intervals in the trough 

 
 
 
 
 

Total 

Subtherap
eutic 

[<10mg/l] 

Therapeuti
c 

[10-15mg/l] 

Multiresista
nt 

[15-20mg/l] 

Suprathera
peutic 

[>20mg/l] 

 
Renal 
Dysfunction 

No Nr. of cases 3 5 8 20 36 

Percentage 8.3% 13.9% 22.2% 55.6% 100.0% 

Yes Nr. of cases 0 1 8 6 15 

Percentage 0.0% 6.7% 53.3% 40.0% 100.0% 

Total  Nr. of cases 3 6 16 26 51 

 Percentage 5.9% 11.8% 31.4% 51.0% 100.0% 
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Table III: Characterization of Acute Kidney Injury cases according to the intervals of 
maximum Vancomycin trough doses 

  Intervals of maximum Vancomycin 
trough doses 

 
 
 
 
 

Total 

Therapeutic 
 

[10-15mg/l] 

Multiresista
nt 

[15-20mg/l] 

Supratherap
eutic 

[>20mg/l] 

 
 
 
AKI degree 

KDIG0 1 Nr. of cases 0 4 3 7 

Percentage 0.0% 57.1% 42.9% 100.0% 

KDIG0 2 Nr. of cases 0 3 2 5 

Percentage 0.0% 60.0% 40.0% 100.0% 

KDIG0 3 Nr. of cases 1 1 1 3 

Percentage 33.3% 33.3% 33.3% 100.0% 

Total  Nr. of cases 1 8 6 15 

 Percentage 6.7% 53.3% 40.0% 100.0% 
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Table IV: Summarization of Hypothesis Tests 

Null Hypothesis Test Sig. a. Decision 

1. Age distribution is equal in the 
categories of renal dysfunction. 

Mann Whitney U Test 
Independent Samples 

.839 Accept null 
hypothesis 

2. Distribution of Hospitalization Time is 
equal in the categories of Renal 
Dysfunction. 

Mann Whitney U Test 
Independent Samples 

.692 Accept null 
hypothesis 

3. Distribution of Charlson index is equal in 
the categories of renal dysfunction. 

Mann Whitney U Test 
Independent Samples 

.067 Accept null 
hypothesis 

4. Distribution of Time of concomitant 
antibiotic therapy is equal in the categories 
of Renal Dysfunction. 

Mann Whitney U Test 
Independent Samples 

.384 Accept null 
hypothesis 

5. Distribution of Vancomycin trough is 
equal in the categories of Renal 
Dysfunction 

Mann Whitney U Test 
Independent Samples 

.967 Accept null 
hypothesis 

a. Significance level is .050. 
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Table V: Chi-square test between the variables Renal Dysfunction and Maximum 
Vancomycin trough dose intervals 

  
 

Value 

 
 

Standard Deviation 

Assintomatic  
Significance 
(Bilateral) 

Pearson’s chi-square 5.489a 3 .139 

Likelihood ratio 6.113 3 .106 

Nr. of cases  51   

a. 5 cells (62.5%) expected a count less than 5. The minimum expected count is .88. 
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Table VI: Chi-square test between the variables AKI degree and Maximum 
Vancomycin trough dose intervals 

  
 

Value 

 
 

Standard Deviation 

Assintomatic  
Significance 
(Bilateral) 

Pearson’s chi-square 4.333 4 .363 

Likelihood ratio 3.587 4 .465 

Nr. of cases   15   
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STROBE Statement—Checklist of items that should be included in reports of cohort 
studies  

 Item 
No Recommendation 

Page 
No 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the 
title or the abstract 

5,6 

(b) Provide in the abstract an informative and balanced summary 
of what was done and what was found 

6 

Introduction 
Background/rational
e 

2 Explain the scientific background and rationale for the 
investigation being reported 

7 

Objectives 3 State specific objectives, including any prespecified hypotheses 8 

Methods 
Study design 4 Present key elements of study design early in the paper 8-11 
Setting 5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data collection 
NA 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of 
selection of participants. Describe methods of follow-up 

10,11 

(b) For matched studies, give matching criteria and number of 
exposed and unexposed 

NA 

Variables 7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if 
applicable 

NA 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and details of 
methods of assessment (measurement). Describe comparability 
of assessment methods if there is more than one group 

NA 

Bias 9 Describe any efforts to address potential sources of bias NA 
Study size 10 Explain how the study size was arrived at 11 
Quantitative 
variables 

11 Explain how quantitative variables were handled in the analyses. 
If applicable, describe which groupings were chosen and why 

NA 

Statistical methods 12 (a) Describe all statistical methods, including those used to 
control for confounding 

9 

(b) Describe any methods used to examine subgroups and 
interactions 

11 

(c) Explain how missing data were addressed NA 
(d) If applicable, explain how loss to follow-up was addressed NA 
(e) Describe any sensitivity analyses NA 

Results 
11-18 

Participants 13* (a) Report numbers of individuals at each stage of study—eg 
numbers potentially eligible, examined for eligibility, confirmed 
eligible, included in the study, completing follow-up, and 
analysed 

11 

(b) Give reasons for non-participation at each stage 11 
(c) Consider use of a flow diagram 11 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, 
clinical, social) and information on exposures and potential 
confounders 

NA 

(b) Indicate number of participants with missing data for each 
variable of interest 

NA 

(c) Summarise follow-up time (eg, average and total amount) NA 
Outcome data 15* Report numbers of outcome events or summary measures over 

time 
NA 
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make clear which 
confounders were adjusted for and why they were included 

NA 

(b) Report category boundaries when continuous variables were categorized Annex 
B 

(c) If relevant, consider translating estimates of relative risk into absolute risk 
for a meaningful time period 

NA 

Other 
analyses 

17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses 

NA 

Discussion 
Key results 18 Summarise key results with reference to study objectives 19-21 
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias 
21 
 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and other 
relevant evidence 

19-21 

Generalisability 21 Discuss the generalisability (external validity) of the study results 21 

Other information 
Funding 22 Give the source of funding and the role of the funders for the present study 

and, if applicable, for the original study on which the present article is based 
NA 

*Give information separately for exposed and unexposed groups. 
Note: NA - Not apply 
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