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Abstract
Background
Piperacillin/tazobactam (PIPC/TAZ) and cefepime (CFPM) are commonly used for the treatment of nosocomial and healthcare-associated infections. Recent reports have suggested that the incidence of acute kidney injury (AKI) in patients treated with a combination of vancomycin (VCM) and PIPC/TAZ is higher than that in patients treated with CFPM. However, there have been few reports on a comparison of the incidences of AKI in patients treated with PIPC/TAZ monotherapy and patients treated with CFPM. In this study, we investigated whether the incidence of AKI in patients treated with PIPC/TAZ is higher than that in patients treated with CFPM.

Methods
This study was a single-center retrospective observational study. Patients who died during the therapeutic period, patients younger than 18 years of age, and patients undergoing hemodialysis were excluded. Primary outcomes were the incidence of AKI and the AKIN stages defined by the Acute Kidney Injury Network. Secondary outcomes were discontinuation and/or change of antibiotics and initiation of dialysis due to AKI. We also investigated the time to onset and the risk factors of AKI in this population.

Results
There were 163 patients in the PIPC/TAZ group and 103 patients in the CFPM group. The incidence of AKI in patients treated with PIPC/TAZ (8.6%) was significantly higher than that in patients treated with CFPM (0.9%) (odds ratio (OR), 9.53; 95% confidence interval (CI), 1.41–408; p= 0.011). AKI severity was mostly stage 1 in both groups. There was no discontinuation and/or changes of antibiotics and there was no initiation of dialysis in either group. The onset of AKI in the PIPC/TAZ group (median period of 4 days) was earlier than that in the CFPM group. PIPC/TAZ was determined to be an independent risk factor of AKI in multivariate analysis (adjusted OR, 9.56; 95% CI, 1.21–75.3; p = 0.032).

Conclusions
This study showed that the incidence of AKI in patients who received PIPC/TAZ was higher than that in patients who received CFPM. Furthermore, the onset of AKI was earlier in patients who received PIPC/TAZ than in patients who received CFPM. PIPC/TAZ was an independent risk factor of AKI in this study population.
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Introduction
Piperacillin/tazobactam (PIPC/TAZ) is a combination medication containing an antipseudomonal penicillin and a beta-lactamase inhibitor and it is widely used for treatment of nosocomial and healthcare-associated infections such as pneumonia, complicated urinary tract infection, sepsis and febrile neutropenia. Cefepime (CFPM) is an antipseudomonal cephalosporin and is frequently used for treatment of same infections that are treated with PIPCTAZ. Both types of antibiotics are beta-lactam antibacterial agents and are often administered with vancomycin (VCM) to target methicillin-resistant gram-positive organisms in cases of severe infection such as catheter-related bloodstream infection.
Several groups have reported higher rates of acute kidney injury (AKI) in patients treated with the combination of PIPC/TAZ and VCM than in patients treated with VCM alone [1] or CFPM plus VCM [2]. However, there are no comparative data for the incidence of AKI in patients treated with PIPC/TAZ monotherapy and patients treated with CFPM. Karino et al. reported that the incidence of PIPC/TAZ-induced nephrotoxicity in elderly patients was 18.2% (4/22) [3], although the incidence of AKI in Japanese patients administered PIPC/TAZ was reported to be 0.4% (2/486) from post-marketing surveillance data. Accordingly, the actual incidence of AKI in patients who have received PIPC/TAZ may be higher. In contrast, the risk of AKI in patients receiving CFPM is presumed to be very low because there has been only one reported case of interstitial nephritis in patients treated with CFPM [4].
The aim of this study was to determine the incidences and times of onset of AKI in patients treated with PIPC/TAZ and patients treated with CFPM and to identify the risk factors of AKI.

Methods
This study was a single-center retrospective cohort study conducted in a 276-bed secondary-care hospital in Japan. Patients were recruited between January 1, 2012 and July 30, 2016 for the PIPC/TAZ group and between January 1, 2009 and July 30, 2016 for the CFPM group. Inclusion criteria were hospitalized patients who received either of the antimicrobial agents for 2 days or longer and in whom serum creatinine (SCr) and blood urea nitrogen were measured before and after administration. Patients who died during the therapeutic period, patients under 18 years of age, patients who also received vancomycin and patients who underwent chronic hemodialysis were excluded.
Data collection
Data obtained from medical records were reviewed and analyzed. We collected data for age, sex, laboratory measurements, estimated glomerular filtration rate (eGFR) (calculated by the Japan Association of Chronic Kidney Disease Initiatives equation using serum creatinine [5]), daily doses of and periods of treatment with PIPC/TAZ and CFPM, infectious diagnosis, comorbidities including hypertension, heart failure, diabetes, malignancy, benign prostatic hyperplasia, chronic kidney diseases (defined as eGFR of less than 60 mL/min/1.73m2 using the SCr levels before PIPC/TAZ or CFPM administration), administration of nephrotoxic agents including systemic non-steroidal anti-inflammatory drugs, angiotensin II-converting enzyme inhibitors and/or angiotensin receptor antagonists, diuretics, systemically administered calcineurin inhibitors, catecholamines (norepinephrine and/or dopamine), intravenous aminoglycosides, systemically administered acyclovir, intravenous amphotericin-B, cisplatin and contrast media (within 72 hours before the therapeutic period or during PIPC/TAZ or CFPM administration).

Outcomes
The primary outcomes assessed in this study were the incidence of AKI and the stage of AKI defined by the Acute Kidney Injury Network (AKIN) criteria [6]. AKI was defined as an elevation in SCr by ≥0.3 mg/dL (within 48 hours) or ≥50% from the pre-treatment most recent data during the therapeutic period. AKIN criteria were categorized into 3 stages of AKI: an absolute increase in SCr level of ≥0.3 mg/dL or a 1.5-fold increase was categorized as stage 1, a 2-fold increase in SCr was categorized as stage 2, and an increase in SCr of 3-fold or ≥ 4 mg/dL or initiation of renal replacement therapy was categorized as stage 3. The secondary outcomes were the discontinuation and/or change of antibiotics and initiation of renal replacement therapy during the therapeutic period. The secondary outcomes were discontinuation and/or change of antibiotics and initiation of renal replacement therapy during the therapeutic period.

Sample size
To detected a 9% difference in the incidence of AKI between in the PIPC/TAZ group and the CFPM group, a sample size of 194 patients (97 cases in each group) was estimated to achieve a statistical power of 80% based on the estimates of a 10% risk of AKI in the PIPC/TAZ group and a 1% risk of AKI in the CFPM group. The incidence of AKI in patients who received PIPC/TAZ was estimated from a previous report [7]. The type I error (α) is 0.05.

Times to onset of AKI in patients who received PIPC/TAZ and patients who received CFPM
We investigated the times to onset of AKI after administration of PIPC/TAZ and after administration of CFPM. Kaplan-Meier analysis was performed for the occurrence of AKI in patients who received PIPC/TAZ and patients who received CFPM.

Analysis of risk factors associated with AKI
In univariate analysis, we extracted statistically significant factors related to AKI in the study population. Additionally, we selected the explanatory variables associated with AKI and analyzed in multivariate analysis.

Statistical analysis
Descriptive and demographic categorical variables were compared using Fisher’s exact test. Continuous variables were compared using the Mann-Whitney U-test. All p-values were two-sided and a p-value less than 0.05 was considered statistically significant. Multivariate analysis was performed using a logistic regression model. Kaplan-Meier analysis was used to estimate the incidence of AKI, and probabilities in the groups were compared using the log-rank test. All statistical analyses were performed by EZR (Easy R) v1.32 [8].


Results
Patient characteristics
We enrolled 163 patients in the PIPC/TAZ group and 103 patients in the CFPM group (Figure 1). All of the patients received intermittent infusion (30 minutes ~ 1 hour). Continuous infusion was not performed. Table 1 shows the characteristics of patients in this study. The mean age of the patients was about 70 years in both groups. The proportion of females was higher in the PIPC/TAZ group. The median period of therapy in the PIPC/TAZ group was shorter than that in the CFPM group. In both groups, respiratory tract infection was the most common infection. Abdominal infection and urological infection were frequent in the PIPC/TAZ group, and febrile neutropenia and fever of unknown origin were frequent in the CFPM group. There was no significant difference between comorbidities in the two groups. There was also no difference between the values of eGFR in the two groups. In the PIPC/TAZ group, the proportion of patients who received contrast media was larger and the proportion of patients who received NSAIDs was smaller than those in the CFPM group.[image: A40780_2019_142_Fig1_HTML.png]
Fig. 1Flow diagram for patient selection. AKI, acute kidney injury; CFPM, cefepime; PIPC/TAZ, piperacillin/tazobactam; RRT, renal replacement therapy; VCM, vancomycin



Table 1Patients’ characteristics


	Characteristics
	PIPC/TAZ
(n = 163)
	CFPM
(n = 103)
	p-value

	Age (years)

	 Median (range)
	76.0 (21 – 96)
	75.0 (26 – 95)
	0.99

	Female, n (%)
	61 (37.4)
	24 (23.3)
	0.021

	Dose frequency per day, n

	 1, 2, 3, 4
	0, 15, 139, 9
	6, 90, 7, 0
	-

	Duration of therapy (days)

	 Median (range)
	6 (2 – 24)
	8 (3 – 26)
	< 0.001

	Infectious diagnosis, n (%)

	 Respiratory tract
	75 (46)
	58 (56)
	-

	 Abdomen
	36 (22)
	6 (6)
	-

	 Urinary tract
	15 (9)
	7 (7)
	-

	 Neutropenia
	10 (6)
	18 (18)
	-

	 Sepsis
	8 (5)
	4 (4)
	-

	 Fever of unknown origin
	8 (5)
	7 (7)
	-

	 Skin and soft tissue
	5 (3)
	1 (1)
	-

	 Catheter-associated BSI
	3 (2)
	2 (2)
	-

	 Head and neck
	3 (2)
	0
	-

	 Eye
	0
	1 (1)
	-

	Comorbidity, n (%)

	 Hypertension
	84 (52)
	46 (45)
	0.31

	 Heart failure
	26 (16)
	13 (13)
	0.48

	 Diabetes
	46 (28)
	26 (25)
	0.67

	 Malignancy
	49 (30)
	44 (42)
	0.047

	 Prostatic hypertrophy
	32 (20)
	17 (17)
	0.63

	 Chronic kidney disease
	68 (42)
	39 (38)
	0.61

	 30-day mortality, n (%)
	10 (6.1)
	9 (8.7)
	0.42

	Serum creatinine (mg/dL)

	 Median (IQR)
	0.92 (0.66 – 1.25)
	0.84 (0.64 – 1.29)
	0.68

	eGFR (mL/min/1.73m2 )

	 Median (IQR)
	62.5 (40.2 – 80.8)
	64.9 (40.1 – 86.3)
	0.35

	Concomitant, n (%)

	 Contrast media
	28 (17)
	2 (2)
	< 0.001

	 NSAIDs (i.v. or p.o.)
	66 (41)
	63 (63)
	0.0011

	 ACE-I / ARB
	50 (31)
	29 (27)
	0.68

	 Diuretics
	37 (23)
	29 (28)
	0.38

	 Calcineurin inhibitors (p.o.)
	1 (0.6)
	1 (0.9)
	1

	 Catecholamine
	8 (5)
	2 (2)
	0.32

	 Aminoglycoside (i.v.)
	1 (0.6)
	1 (0.9)
	1

	 Acyclovir (p.o.)
	1 (0.6)
	0
	1

	 Cisplatin
	1 (0.6)
	0
	1


IQR Interquartile range, NSAIDs Non-steroidal anti-inflammatory drugs, ACE-I Angiotensin-converting enzyme inhibitors, ARB Angiotensin-II receptor blockers, i.v. Intravenous, p.o.: oral




Outcomes
The incidence of AKI in patients treated with PIPC/TAZ was more than 9-times higher than that in patients treated with CFPM (Table 2). AKI stage 1 in the AKIN criteria was the most common stage in both groups. Secondary outcomes were not observed in either group. Kaplan-Meier estimates of the incidence of AKI after antimicrobial therapy are shown in Figure 2. There was a significant difference between the two groups (log-rank test, p < 0.001).Table 2Outcomes of nephrotoxicity in patients who received PIPC/TAZ and CFPM


	Outcomes
	PIPC/TAZ (n = 163)
	CFPM (n = 103)
	p-value

	Acute kidney injury, n (%)
	14 (8.6)
	1 (0.9)
	 
	Odds ratio [95% CI]
	9.53 [1.41 – 408]
	reference
	0.011

	AKIN grade

	 stage 1, n
	12
	1
	 
	 stage 2, n
	2
	0
	 
	 stage 3, n
	0
	0
	 
	Discontinuation or change of antibiotics
	0
	0
	-

	Initiation of dialysis
	0
	0
	-


CI Confidence interval, AKIN Acute Kidney Injury Network


[image: A40780_2019_142_Fig2_HTML.png]
Fig. 2Kaplan-Meier curve of acute kidney injury in each group. The solid line shows the piperacillin/tazobactam (PIPC/TAZ) group and the dashed line shows the cefepime (CFPM) groupsss





Times to onset of AKI in patients who received PIPC/TAZ and patients who received CFPM
Kaplan-Meier curves in Figure 2 show the onset of AKI after administration of antibiotics. The median time of onset of AKI in the PIPC/TAZ group (4 days, interquartile range (IQR): 2-6) was earlier than that in the CFPM group.

Analysis of risk factors associated with AKI
The characteristics of patients in whom AKI occurred (AKI group) and patients in whom AKI did not occur (Non-AKI group) are shown in Table 3. Three factors (PIPC/TAZ, CKD, diabetes) were extracted in univariate analysis. Multivariate analysis in the logistic regression model showed that independent risk factors were PIPC/TAZ, CKD and DM (Table 4).Table 3Characteristics of patients in the AKI group and the non-AKI group


	Parameters
	AKI group
( n = 15)
	Non-AKI group
( n = 251)
	p-value

	PIPC/TAZ, n (%)
	14 (93.3)
	149 (59.4)
	0.011

	Age, median (range)
	80 (59 – 96)
	75 (21 – 95)
	0.31

	Female, n (%)
	6 (40.0)
	79 (31.5)
	0.57

	Hypertension, n (%)
	8 (53.3)
	122 (48.6)
	0.79

	Heart failure, n (%)
	5 (33.3)
	34 (13.5)
	0.051

	Diabetes, n (%)
	9 (60.0)
	59 (23.5)
	0.006

	Malignancy, n (%)
	7 (46.7)
	86 (34.3)
	0.40

	Prostatic hypertrophy, n (%)
	4 (26.7)
	45 (17.9)
	0.49

	CKD, n (%)
	12 (80.0)
	95 (37.8)
	0.0019

	Contrast media, n (%)
	2 (13.3)
	27 (10.8)
	0.67

	NSAIDs, n (%)
	5 (33.3)
	124 (49.4)
	0.29

	ACE-I / ARB, n (%)
	6 (40.0)
	73 (29.1)
	0.39

	Diuretics, n (%)
	7 (46.7)
	59 (23.5)
	0.062

	Calcineurin inhibitors, n (%)
	0 (0)
	2 (0.8)
	1

	Catecholamine, n (%)
	2 (13.3)
	8 (3.2)
	0.10

	Aminoglycoside, n (%)
	0 (0)
	2 (0.8)
	1

	Acyclovir, n (%)
	0 (0)
	1 (0.4)
	1

	Cisplatin, n (%)
	0 (0)
	1 (0.4)
	1


PIPC/TAZ Piperacillin/tazobactam, CKD Chronic kidney disease, NSAIDs Non-steroidal anti-inflammatory drugs, ACE-I Angiotensin-converting enzyme inhibitors, ARB Angiotensin-II receptor blockers


Table 4Univariate and multivariate analyses (logistic regression analysis)


	Parameters
	Crude OR
(95% CI)
	p-value
	Adjusted OR
(95% CI)
	p-value

	PIPC/TAZ
	9.53 (1.41 – 408)
	0.011
	9.56 (1.21 – 75.3)
	0.032

	CKD
	6.52 (1.70 – 36.9)
	0.0019
	5.06 (1.33 – 19.2)
	0.017

	Diabetes
	4.45 (1.35 – 15.8)
	0.006
	3.16 (1.02 – 9.78)
	0.045


OR Odds ratio, CI Confidence interval, PIPC/TAZ Piperacillin/tazobactam, CKD Chronic kidney disease





Discussion
In this study, we investigated whether the incidence of AKI in patients who received PIPC/TAZ is higher than that in patients who received CFPM. This study is the first study in which the incidences of AKI in patients who received PIPC/TAZ monotherapy and patients who received CFPM were compared. Our results showed that patients who receive PIPC/TAZ have a 9-times higher risk of AKI than do patients who receive CFPM.
A previous study showed that the incidences of AKI in patients who received intermittent infusion and those who received continuous infusion of PIPC/TAZ were 9% and 11%, respectively [7]. The overall incidence of AKI in our study was 8.6% (14/163), which is similar to the results of that previous study. Another report showed an incidence of AKI of 18.4% in Japanese elderly patients who were diagnosed with nursing and healthcare-associated pneumonia and administered PIPC/TAZ [9]. Our results showed a lower incidence of AKI in patients who received PIPC/TAZ. The reason for the difference in results might be the exclusion of patients less than 65 years of age in that study. In contrast, our study suggested that few cases of AKI occur in patients treated with CFPM.
Most of the patients in whom AKI occurred had AKIN stage 1, and discontinuation of administration or initiation of renal replacement therapy was not needed in any of the patients. Rutter and colleagues reported that the incidence of AKI in patients who received PIPC/TAZ monotherapy was 7.8% and that most of the patients who had AKI were classified as “risk” and none of the patients were classified as “loss” or “end-stage kidney diseases” in the RIFLE criteria [10]. Those results are similar to our results showing that AKI associated with PIPC/TAZ was mainly mild dysfunction. In most of the patients in whom AKI occurred, SCr levels were reversible to baseline levels.
The onset of AKI was within 7 days after PIPC/TAZ administration in most of the patients in our study (median period of 4 days). To the best of our knowledge, there have been few reports about the onset of AKI in patients treated with PIPC/TAZ. Morimoto et al. showed in a retrospective observational study that AKI caused by PIPC/TAZ occurred mostly within 7 days in patients with pneumonia [11]. Additionally, Navakelle and colleagues showed that the onset of AKI in patients treated with a combination VCM and PIPC/TAZ (median period of 3 days) was more rapid than that in patients treated with VCM and CFPM (median period of 5 days) [12]. Those results are similar to our results showing that the onset of AKI in the PIPC/TAZ group was earlier than that in the CFPM group. Furthermore, the results suggested that the incidence of AKI in patients treated with the combination of VCM and CFPM was related to VCM trough levels but that the incidence of AKI in patients treated with the combination of VCM and PIPC/TAZ was not associated with VCM trough levels. It is conceivable that nephrotoxicity of PIPC/TAZ develops at an early timing by another mechanism and is not related to the cumulative dose and therapeutic duration. Jensen and colleagues reported that the renal recovery rate in critically ill patients treated with PIPC/TAZ was lower than that in critically ill patients treated with other antibiotics [13]. Their report suggests that PIPC/TAZ monotherapy affected the patients’ renal function. Burgess and colleagues reported that the incidence of VCM-induced nephrotoxicity in hospitalized patients who received VCM in combination with PIPC/TAZ (16.3%) was higher than that in patients who received VCM without PIPC/TAZ (8.08%) [1]. In addition, Gomes and colleagues reported that the incidence of AKI in patients treated with a combination of VCM and PIPC/TAZ (34.8%) was higher than that in patients treated with CFPM (12.5%) [2]. The incidence of AKI in patients treated with CFPM was low in our study. Moreover, it has been reported that only one case of interstitial nephritis occurred due to administration of CFPM [4]. Consequently, it seems that CFPM rarely affects the incidence of AKI in patients who receive a combination of CFPM with VCM, although the incidence of VCM-induced nephrotoxicity has varied [14]. In contrast, the incidence of AKI in patients who received PIPC/TAZ monotherapy was significantly higher than that in patients who received CFPM in our study. Therefore, PIPC/TAZ-induced nephrotoxicity might be related to the higher incidence of AKI in patients who received a combination VCM and PIPC/TAZ than in patients who received VCM alone or a combination of VCM with CFPM.
In this study, PIPC/TAZ was identified as a significant risk factor of AKI in multivariate analysis. Erdman and colleagues reported that PIPC/TAZ was an independent risk factor of AKI in neurocritical care patients receiving continuous infusion of hypertonic saline [15]. Our results also showed that PIPC/TAZ increases the risk of AKI. CKD and diabetes were also identified as risk factors of AKI in multivariate analysis. Karino and colleagues reported that renal dysfunction (creatinine clearance < 40 mL/min) was a risk factor of AKI in late-elderly patients who received PIPC/TAZ [3], being in agreement with our results. Meanwhile, diabetes was also identified as a risk factor of aminoglycoside-associated nephrotoxicity in the intensive care unit patients [16]. However, Diabetes was reported as the risk factor of CKD [17] as well as AKI [18]. Therefore, diabetes may be related to CKD in our study population.
Several limitations of this study should be acknowledged. First, our study was a single center, retrospective analysis. Therefore, the results might not be generalizable to other settings. Second, most of the patients in our study were elderly patients with a mean age of approximately 70 years. Therefore, approximately forty percent of the patients had eGFR < 60 mL/min/1.73m2. Kheterpal and colleagues reported that mild or moderate renal insufficiency has been defined as one of the AKI indexes in general surgery [19]. The median eGFR in our study population was close to the defined AKI index, and CKD was identified a risk factor of AKI in our statistical analysis. However, PIPC/TAZ has been recommended in the guidelines of nursing and healthcare-associated pneumonia [20], complicated urinary tract infection [21] and binary tract infection [22], and most of the patients apply these guidelines are elderly. There was no significant difference in eGFR between the two groups, and patients’ age was not identified as a risk factor of AKI in our statistical analysis. Moreover, PIPC/TAZ has been identified as an independent risk factor of AKI in multivariate analysis. However, there might be a statistical error in this analysis because of logistic regression analysis with small sample size. Third, we were not able to evaluate the severity by using a scoring system such as Acute Physiology and Chronic Health Evaluation (APACHE) or Sequential Organ Failure Assessment (SOFA) to predict the prognosis. Therefore, we could not rule out the possibility of AKI being caused by infectious diseases. However, 30-days mortality was not significantly different in both groups. Finally, the proportion of patients in whom a contrast media was used was significantly larger in the PIPC/TAZ group than in the CFPM group. Nevertheless, only one patient occurred AKI in the PIPC/TAZ group, and the proportion of patients using contrast media was not significantly different between the AKI group and the non-AKI group. Thus, we consider that the use of contrast media did not contribute to our results.
The mechanism of nephrotoxicity induced by PIPC/TAZ remains to be elucidated. The results of this study suggest that physicians and clinical pharmacists need to closely monitor renal function in patients receiving PIPC/TAZ.

Conclusions
In summary, we revealed that the incidence of AKI in patients who received PIPC/TAZ monotherapy was higher than that in patients who received CFPM. Furthermore, PIPC/TAZ was shown to be independently associated with an increased risk of AKI. AKI severity was mostly mild in our study population, being similar to that in other reports. Moreover, the onset of AKI in the PIPC/TAZ group was earlier than that in the CFPM group. Therefore, we recommend that clinicians monitor renal function in patients receiving PIPC/TAZ therapy. Finally, further study is required to investigate the mechanism of nephrotoxicity associated with PIPC/TAZ.

Acknowledgments
We thank the patients who participated in this study and the physicians and staff members of JCHO Sapporo Hokushin Hospital who contributed valuable data.

Authors’ contributions
SK designed the concept originally, collected patient data from medical records, analyzed the data, and drafted the manuscript. YT, YS, MS, KK, TI and MS provided interpretation and discussion of the data. All authors have read and approved the final manuscript.

Funding
There are no funding sources for this report.

Ethics approval and consent to participate
This study was approved by the institutional review boards of Sapporo Hokushin Hospital and Hokkaido University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


[image: Creative Commons]Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Burgess LD, Drew RH. Comparison of the incidence of vancomycin-induced nephrotoxicity in hospitalized patients with and without concomitant piperacillin-tazobactam. Pharmacotherapy. 2014;34(7):670–6.Crossref

2.
Gomes DM, Smotherman C, Birch A, Dupree L, Della Vecchia BJ, Kraemer DF, et al. Comparison of acute kidney injury during treatment with vancomycin in combination with piperacillin-tazobactam or cefepime. Pharmacotherapy. 2014;34(7):662–9.Crossref

3.
Karino F, Nishimura N, Ishihara N, Moriyama H, Miura K, Hamaguchi S, et al. Nephrotoxicity Induced by Piperacillin – Tazobactam in Late Elderly Japanese Patients with Nursing and Healthcare Associated Pneumonia. Biol Pharm Bull. 2014;37(12):1971–6.Crossref

4.
Mac K, Chavada R, Paull S, Howlin K, Wong J. Cefepime induced acute interstitial nephritis - A case report. BMC Nephrol. 2015;16(1):1–6.Crossref

5.
Nephrology JS of. Evidence-based Practice Guideline for the Treatment of CKD. Clin Exp Nephrol. 2009;13(6):537–66.Crossref

6.
Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, et al. Acute kidney injury network: Report of an initiative to improve outcomes in acute kidney injury. Crit Care. 2007;11(2):1–8.Crossref

7.
McCormick H, Tomaka N, Baggett S, Heierman T, LaFosse J, Gilbert S, et al. Comparison of acute renal injury associated with intermittent and extended infusion piperacillin/tazobactam. Am J Health Syst Pharm. American Society of Health-System Pharmacists; 2015 Jun 1;72. (11 Suppl 1):S25–30.

8.
Kanda Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics. Bone Marrow Transplant. 2012;48:452–8.Crossref

9.
Karino F, Miura K, Fuchita H, Koba N, Nishikawa E, Hotta T, et al. Efficacy and safety of piperacillin/tazobactam versus biapenem in late elderly patients with nursing- and healthcare-associated pneumonia. J Infect Chemother. 2013;19(5):909–15.Crossref

10.
Rutter WC, Burgess DR, Talbert JC, Burgess DS. Acute kidney injury in patients treated with vancomycin and piperacillin-tazobactam: A retrospective cohort analysis. J Hosp Med. 2017 Feb 1;12(2):77–82.Crossref

11.
Morimoto T, Nagashima H, Morimoto Y, Tokuyama S. Frequency of Acute Kidney Injury Caused by Tazobactam / Piperacillin in Patients with Pneumonia and Chronic Kidney Disease : A Retrospective Observational Study. Yakugaku Zasshi. 2017;137(9):1129–1136.Crossref

12.
Navalkele B, Pogue JM, Karino S, Nishan B, Salim M, Solanki S, et al. Risk of acute kidney injury in patients on concomitant vancomycin and piperacillin-tazobactam compared to those on vancomycin and cefepime. Clin Infect Dis. 2017;64(2):116–23.Crossref

13.
Jensen J-US, Hein L, Lundgren B, Bestle MH, Mohr T, Andersen MH, et al. Kidney failure related to broad-spectrum antibiotics in critically ill patients: secondary end point results from a 1200 patient randomised trial. BMJ Open. 2012;2(2):e000635.Crossref

14.
Van Hal SJ, Paterson DL, Lodise TP. Systematic review and meta-analysis of vancomycin-induced nephrotoxicity associated with dosing schedules that maintain troughs between 15 and 20 milligrams per liter. Antimicrob Agents Chemother. 2013;57(2):734–44.Crossref

15.
Erdman MJ, Riha H, Bode L, Chang JJ, Jones GM. Predictors of Acute Kidney Injury in Neurocritical Care Patients Receiving Continuous Hypertonic Saline. Neurohospitalist. 2017;7(1):9–14.Crossref

16.
Oliveira JFP, Silva CA, Barbieri CD, Oliveira GM, Zanetta DMT, Burdmann EA. Prevalence and risk factors for aminoglycoside nephrotoxicity in intensive care units. Antimicrob Agents Chemother. 2009;53(7):2887–91.Crossref

17.
Koye DN, Magliano DJ, Nelson RG, Pavkov ME. The Global Epidemiology of Diabetes and Kidney Disease. Adv Chronic Kidney Dis. Elsevier Ltd; 2018;25(2):121–132.

18.
Hsu CY, Ordoñez JD, Chertow GM, Fan D, McCulloch CE, Go AS. The risk of acute renal failure in patients with chronic kidney disease. Kidney Int. 2008 Jul;74(1):101–7.Crossref

19.
Kheterpal S, Tremper KK, Heung M, Rosenberg AL, Englesbe M, Shanks AM, et al. Development and Validation of an Acute Kidney Injury Risk Index for Patients Undergoing General Surgery. Anesthesiology. 2009;110(3):505–15.Crossref

20.
Kohno S, Imamura Y, Shindo Y, Seki M, Ishida T, Teramoto S, et al. Clinical practice guidelines for nursing- and healthcare-associated pneumonia (NHCAP) [Complete translation]. Respir Investig. Elsevier; 2013;51(2):103–126.Crossref

21.
Yamamoto S, Ishikawa K, Hayami H, Nakamura T, Miyairi I, Hoshino T, et al. JAID/JSC Guidelines for Clinical Management of Infectious Disease 2015 − Urinary tract infection/male genital infection. J Infect Chemother. 2017;23(11):733–51.Crossref

22.
Gomi H, Solomkin JS, Schlossberg D, Okamoto K, Takada T, Strasberg SM, et al. Tokyo Guidelines 2018: antimicrobial therapy for acute cholangitis and cholecystitis. J Hepatobiliary Pancreat Sci. 2018;25(1):3–16.Crossref



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/A40780_2019_142_Fig1_HTML.png
Patients reviewed
(n=347)

!

Death in the therapeutic period (n = 15)
AKI before therapy (n=1)

Data not obtained (n = 6)

Combination of VCM (n = 2)

PIPC/TAZ CFPM
(m=211) (n=136)
48 excluded for 33 excluded for
" <18yo(n=2) <18 yo(n=0)
<48 hrs (n=14) <48 hrs (n=6)
RRT (n=8) RRT (n=7)

Death in the therapeutic period(n = 10)
AKI before therapy (n=3)

Data not obtained (n = 2)
Combination of VCM (n = 5)

Included
(n=163)

Included
(n=103)






OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/contact.gif





OEBPS/A40780_2019_142_Fig2_HTML.png
1.0

R I — CFPM
o
1. --  PIPC/TAZ
£ ; At
= - +-
E 0.8 i
= i e il +
g log-rank p < 0.001
E 06 7
2
=
3}
<
S 04
8
&
N
g i
8 02
oy
L
-9
0 T T T T
0 5 10 15 20

Day of therapy
Number at risk
CFPM 103 37 10 1 0
PIPC/TAZ 163 49 b4 2 1





