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    Abstract
Introduction: The etiology of acute kidney injury (AKI) in hospitalized children is multifactorial. While nephrotoxic antibiotics, such as aminoglycosides, cause AKI, the prevalence and severity of AKI in this context are uncertain. Methods: This prospective observational study enrolled consecutive patients, from 1 month to 12-year-old, admitted to pediatric wards at an academic tertiary care center between March 2013 and March 2014. Included patients had normal renal function at baseline and were treated with aminoglycosides for more than 7 days. Serum creatinine was monitored serially for the development of AKI by pediatric risk, injury, failure, loss, end-stage renal disease (pRIFLE), and AKI network (AKIN) classifications. Data, presented as percentage or mean ± standard deviation, were compared using appropriate tests. Results: Of 100 patients (68% boys) treated with aminoglycosides for 11.4 ± 4.5 days, chiefly for pneumonia, febrile neutropenia and abscesses, 97% received amikacin and 3% received gentamicin, chiefly (84%) in multiple doses. AKI was observed in 46% and 62% of cases using AKIN and pRIFLE criteria, respectively. Patients with AKI were younger than those without AKI (P = 0.04) and received multiple dosing more often than once-daily regimen (P = 0.07). Conclusions: AKI develops in a significant proportion of hemodynamically stable patients treated with aminoglycosides for 7 days or longer. Young age and multiple daily doses are potential risk factors for AKI in patients treated with aminoglycosides.
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    Introduction


    Aminoglycosides are potent broad-spectrum antibiotics chiefly, used to treat severe infections with Gram-negative organisms.[bookmark: ft1][1],[bookmark: ft2][2] While these antibiotics are readily available at reasonable prices and show satisfactory efficacy, their nephrotoxicity limits prolonged and recurrent usage and requires frequent monitoring of renal function.[bookmark: ft3][3] Nephrotoxicity, observed in 10–25% of therapeutic courses,[bookmark: ft4][4],[bookmark: ft5][5],[bookmark: ft6][6],[bookmark: ft7][7] is considered to result chiefly from tubular damage. Aminoglycosides are freely filtered across the glomerulus; about 5%–10% is reabsorbed by the proximal tubular epithelial cells, where they are sequestered into lysosomes in concentrations much higher than their serum concentration. The nephrotoxicity of aminoglycosides is secondary to altered phospholipid metabolism within tubular cells [bookmark: ft2][2] and manifests as nonoliguric renal failure that is aggravated by the concomitant use of other nephrotoxic drugs.[bookmark: ft1][1]


    Most of the studies on aminoglycoside-associated toxicity have been conducted primarily in critically ill patients with concomitant factors to aggravate the injury. The present study aimed at detecting acute kidney injury (AKI) in stable hospitalized children treated with aminoglycosides.


    Methods


    This prospective, single-center observational study was conducted in the pediatric wards of a tertiary care teaching hospital between March 2013 and March 2014.


    Patients


    Following ethical approval and written informed parental consent, all consecutive patients admitted to the pediatric wards in the hospital were enrolled if they were aged between 1 month and 12 years, had normal renal function at admission in pediatric wards, and received aminoglycosides for at least 7 days for the first time in the current illness. Patients with known chronic kidney disease and/or impaired renal function at admission were excluded from the study.


    Data collection and management


    Information was collected on demographic characteristics, diagnosis, comorbidities (sepsis, hypotension and ventilation), concomitant use of other nephrotoxic drugs (radiocontrast agents, glycopeptides, amphotericin B, nonsteroidal anti-inflammatory drugs, angiotensin-converting enzyme, angiotensin receptor blockers and cyclosporine) and dose, duration, and type of aminoglycoside used. Evaluation included physical examination, anthropometry and serum biochemistry. Three ml of venous blood was collected at baseline, 48 hr, and twice a week until the completion of aminoglycoside therapy, for the estimation of serum creatinine (by modified Jaffe's technique) and albumin using an automated analyzer (Beckman Coulter). Patients received specific and supportive treatment for the underlying condition according to unit protocols. Aminoglycosides were prescribed in multiple doses (amikacin at 7.5 mg/kg/dose or gentamicin at 2.5 mg/kg/dose) or as once-daily dose (amikacin at 15 mg/kg or gentamicin at 5 mg/kg) and adjusted for estimated glomerular filtration rate below 60 ml/min/1.73 m2, if required.


    Outcome measures


    The primary outcome measure was the occurrence of AKI as defined by AKI network (AKIN) and pediatric risk, injury, failure, loss, and end-stage renal disease (pRIFLE) classification, using serum creatinine criterion alone [Table - 1].[bookmark: ft8][8],[bookmark: ft9][9]
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        	Table 1: Serum creatinine criteria for classification of acute kidney injury
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    Sample size and statistics


    Data are presented as number (percentage) and mean ± standard deviation (SD) and compared using appropriate tests. Based on an estimated prevalence of AKI of 25%,[bookmark: ft4][4] a sample size of 75 patients was required to examine the prevalence of AKI in our patients with 95% confidence and absolute precision of 10%. We enrolled 100 patients to account for loss to follow-up and for change of antibiotics or death within 7 days.


    Results


    Patient characteristics


    Of 100 patients enrolled 68 (68%) were boy, with a male-to-female ratio of 2.1:1. The mean age was 53.9 ± 42.8 months; 59 children were below 5 years of age. Their weight and height SD scores were −2.61 ± 2.18 and −1.63 ± 1.79, respectively. Serum albumin at baseline was 2.96 g/dl; 42% patients had hypoalbuminemia (serum albumin <3.0 g/dl).


    Therapy with aminoglycosides


    Aminoglycosides were administered for 11.4 ± 4.5 days; amikacin was the most commonly used aminoglycoside (97%). Most patients received multiple doses (twice a day in 40% and thrice a day in 44%); 14% received aminoglycosides once a day. Chief indications for aminoglycoside administration included lower respiratory tract infections (31%), febrile neutropenia (17%), liver abscess (14%), cellulitis (7%), abscesses at other sites (5%), dysentery (5%), urinary tract infections (4%) peritonitis (4%), and sepsis (3%). Eleven patients received concomitant other nephrotoxic drugs.


    Renal function and AKI


    There was a trend for an increase in serum creatinine level from baseline to values on day 10, with a significant change from baseline on days 4, 7, and 10 [Table - 2]. The GFR, estimated using modified Schwartz formula,[bookmark: ft10][10] showed corresponding decline. AKI was detected in 46 patients using the AKIN classification, with AKI Stages 1, 2, and 3 in 47.8%, 41.3%, and 10.9% cases, respectively [Table - 3]. Using the pRIFLE criteria, AKI was identified in 62 patients, of which 50% were classified in “risk” category, 46.8% had “injury,” and 3.2% had “failure.” Kappa score for the level of agreement between pRIFLE and AKIN criteria was statistically significant at 58.2% [P< 0.001; [Table - 4].
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        	Table 2: Serum creatinine during hospital stay
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        	Table 3: Incidence of acute kidney injury using pediatric risk, injury, failure, loss, end-stage renal disease, and acute kidney injury network classifications
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        	Table 4: Agreement between acute kidney injury definitions by pediatric risk, injury, failure, loss, end-stage renal disease, and acute kidney injury network criteria
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    Comparisons between patients with and without acute AKI


    Comparison of patient characteristics between those who developed AKI and those who did not, showed that patients in the AKI group were younger [mean age 44.8 months vs. 62.1 months; P = 0.04; [Table - 5]. There were no significant differences between the two groups when compared for the presence of oliguria, hypovolemia, shock, use of vasopressors, requirement of mechanical ventilation, prior use of aminoglycosides and use of other nephrotoxic agents [Table - 5]. Compared to patients without AKI, patients with AKI had a longer duration of aminoglycoside use and more often received multiple doses (rather than one dose) per day; however, these differences were not significant.
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        	Table 5: Comparison of patient characteristics between patients with and without acute kidney injury (AKI network classification)
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    Outcome


    Of the 100 noncritically ill patients administered aminoglycosides for 7 days or longer, 98% were discharged with recovery or improvement. Two patients died during hospital stay due to causes not attributable to AKI.


    Discussion


    Patients treated with aminoglycosides are at a risk of developing AKI, typically associated pathologically with acute tubular injury. However, most studies on aminoglycoside toxicity are retrospective; prospective data on the incidence of aminoglycoside-associated nephrotoxicity in children are lacking. This study enrolled children treated with aminoglycosides and followed for the development of AKI during hospital stay. Enrolled children were predominantly young, in whom severe infections are more common. As indicated by their low weight and height SD scores, the majority of patients was underweight and/or short, reflecting data from the national health surveys show that almost 50% of preschool Indian children are underweight or stunted.[bookmark: ft11][11],[bookmark: ft12][12]


    In the present study, AKI was observed in 46% and 62% of patients using the AKIN and pRIFLE criteria, respectively. This incidence is higher than in previous reports. A retrospective study in stable children treated with aminoglycosides found AKI in 19.6% of cases by AKIN criteria and in 33% of cases by the pRIFLE criteria.[bookmark: ft4][4] In a prospective, observational cohort study on 373 adults with infective endocarditis, Buchholtz et al. found that the estimated endogenous creatinine clearance declined by 8.6% among patients receiving gentamicin and increased by 2.3% in patients not treated with aminoglycosides.[bookmark: ft6][6] AKI was identified in 22% of patients with cystic fibrosis treated with aminoglycosides in another retrospective study.[bookmark: ft13][13] Possible reasons for difference in incidence as compared to past studies might be variations in definition of nephrotoxicity; the use of threshold values of serum creatinine may underestimate AKI incidence. Lack of baseline serum creatinine and reliance on detecting change in creatinine during the hospital stay might be the additional source of bias causing underestimation.


    The higher incidence of AKI in the present study may be explained by the practice of multiple dosing (twice or thrice daily) in most of our pediatric units, which is suspected to be associated with AKI more often than once-daily dosing.[bookmark: ft14][14],[bookmark: ft15][15],[bookmark: ft16][16],[bookmark: ft17][17] Compared to once-daily dosing, patients receiving multiple daily doses had higher odds of developing AKI both by AKIN (odds ratio 3.5) and pRIFLE (odds ratio 2.6) criteria. A high proportion (42%) of our patients had hypoalbuminemia, known to be associated with high-peak aminoglycoside levels and predispose to aminoglycoside-associated nephrotoxicity.[bookmark: ft18][18],[bookmark: ft19][19] The high prevalence of malnutrition might have contributed to nephrotoxicity through hypoalbuminemia. However, patients with or without AKI did not differ in the anthropometric parameters or prevalence of hypoalbuminemia. Our inability to monitor trough aminoglycoside levels due to lack of facilities may have aggravated the nephrotoxicity.


    The comparison between proportions of AKI detected by pRIFLE and AKIN criteria showed that pRIFLE criteria were more sensitive in detecting AKI as compared to AKIN; however, AKIN criteria identified more patients with severe disease [Table - 3]. In a prospective cohort study on 1489 children undergoing cardiac interventions, AKI was detected in 20%, 34%, and 29% of patients according to the AKIN, pRIFLE, and KDIGO criteria, respectively, indicating that pRIFLE criteria are most sensitive while the AKIN classification is more specific in detecting high-risk patients across all age groups.[bookmark: ft20][20] A high level of agreement (kappa) between the pRIFLE and AKIN criteria in our study is similar to the value observed in a previous study by Zappitelli et al.[bookmark: ft5][5] Serum creatinine showed a rising trend from baseline to values on day 4, 7, and 10, confirming findings from previous studies that AKI associated with aminoglycoside use occurs around 6–10 days from the start of therapy.[bookmark: ft5][5] However, AKI was transient and almost all patients recovered from AKI.


    Patients with AKI differed from those that did not develop AKI in being significantly younger, suggesting an increased susceptibility to nephrotoxicity at young age. The lack of association with traditional risk factors for AKI, such as hypovolemia, use of inotropes, mechanical ventilation, and concomitant nephrotoxic agents, may be explained by the small numbers exposed to these risk factors as the study was conducted in predominantly stable patients admitted to pediatric wards.


    Conclusions


    AKI is observed in a substantial proportion of stable patients treated with aminoglycosides for a week or longer. Younger children and those on multiple dosing of aminoglycosides are more prone to renal injury. The presence of malnutrition or hypoalbuminemia may exacerbate the nephrotoxicity, particularly in the absence of drug monitoring. This report emphasizes the need for caution when aminoglycosides are prescribed for prolonged periods in children.
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  Table 1: Serum creatinine criteria for classification of acute kidney injury


  Table: 2

  [bookmark: tbl_AsianJPediatrNephrol_2018_1_1_17_235471_t2.jpg][image: ]


  Table 2: Serum creatinine during hospital stay
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  Table 3: Incidence of acute kidney injury using pediatric risk, injury, failure, loss, end-stage renal disease, and acute kidney injury network classifications
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  Table 4: Agreement between acute kidney injury definitions by pediatric risk, injury, failure, loss, end-stage renal disease, and acute kidney injury network criteria
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  Table 5: Comparison of patient characteristics between patients with and without acute kidney injury (AKI network classification)
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