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            Abstract

            
               
A better understanding of altered pharmacokinetic variables in the pediatric population is important to improve both the safety
                  and efficacy of drug therapy. Even though pediatric patients are now considered as a special population for drug therapy,
                  it should not give us the wrong idea of considering them like mini-adults. The difference in their pharmacokinetics may be
                  attributed to the radical anatomical and physiological changes that happen with age. Antimicrobials are one of the most prescribed
                  therapeutic agents, and they are used in the treatment of numerous infections. Children are always susceptible to various
                  infections, which often results in their exposure to a wide variety of antibiotics at such an early age. Recent studies showed
                  higher rates of antibiotic prescribing in the pediatric population. The pediatric population requires more attention when
                  prescribing antibiotics due to the increased probability of serious adverse effects, the time required for the complete development
                  of the organs, and augmented drug resistance.
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               Introduction

            Pharmacokinetics refers to the time course of drug movement in the body in terms of absorption, distribution, metabolism,
               and excretion (Charles, 2014). Any variation in any of these processes would have consequences on the pharmacokinetic profile of a drug, especially in
               the pediatric population, which is known to have unstable pharmacokinetics with age (Ndubuisi & Herbert, 2014). Another significant matter of concern is the increasing antibiotic resistance among children due to the irrational use
               of antibiotics (Downes, Hahn, Wiles, Courter, & Vinks, 2014; Rogawski et al., 2017). The practice of scaling adult drug doses to infants and children based on body weight or body surface area also does not
               account for the developmental changes that affect drug pharmacokinetics or target tissue and organ sensitivity to the drug
               in children and its essential to understand the changes in the pharmacokinetic parameters (Germovsek, Barker, Sharland, & Standing, 2019; Velde, Mouton, Winter, Gelder, & Koch, 2018). Only a few data reveal the rational use of antibiotics in pediatric. There is lack of enough data on pharmacokinetics and
               pharmacodynamics of many drugs in children owing to the limits in obtaining blood sample volumes and age-appropriate formulations
               for use in pediatric clinical studies (Batchelor & Marriott, 2015). Hence, this review focuses on the altered pharmacokinetics of various antibiotics used in the pediatric population. 
            

         

         
               Materials and Methods

            
               Altered Pharmacokinetics of Few Commonly Used Antibiotics in Pediatrics 
               
            

            Pharmacokinetics of Vancomycin 
            

            Vancomycin is widely used for many of the infections that occur in childhood. But its uncertainty still exists regarding the
               optimum dose and dosing interval of the drug in the pediatric population (Autmizguine et al., 2018).This ambiguity could be explained by the age-related pharmacokinetics of vancomycin (Marqués-Miñana, Saadeddin, & Peris, 2010). Vancomycin is a hydrophilic compound, and most of the drug (80-90%) is excreted unchanged in the urine. Hence, the elimination
               half-life of vancomycin is largely determined by individual renal function (Hoang, Dersch-Mills, Bresee, Kraft, & Vanderkooi, 2014). The age-related differences in the clearance of vancomycin could be attributed to rapid changes in renal maturation and
               function in this population. In neonates and infants, the reduced vancomycin clearance is explained by the larger volume of
               distribution, as a result of their increased body water content and extracellular fluid (Marqués-Miñana et al., 2010).  The child’s current body weight could also have an impact on vancomycin clearance (Stockmann et al., 2013). A correlation between vancomycin clearance in infants and co-administered drugs such as amoxicillin-clavulanic acid and
               spironolactone was also found in a study (Marqués-Miñana et al., 2010). Thus, the child’s illness state and the co-administered drugs can also alter the pharmacokinetics of vancomycin apart from
               the known age-related factors.  Vancomycin is a time-dependent antibiotic where its concentration must be maintained above minimum inhibitory concentration
               to ensure its therapeutic efficacy between the two consecutive doses (Levison & Levison, 2009). The targeted trough level for vancomycin is usually 10-20 mg/L. However, many studies conducted show that the current recommended
               dose of 40-60mg/kg /day as empiric therapy is not sufficient to maintain this therapeutic range of 10-20 mg/L in most of the
               pediatric population. In patients 1 to 5 months of age and 13 to 18 years of age, a starting dose of 60 mg/kg daily at 6 hour
               dosing intervals is suggested whereas a higher starting dose of 70 mg/kg daily for patients 6 months to 12 years of age due
               to the prolonged half-life and resulted in higher clearance of vancomycin seen in this age group (Hoang et al., 2014).

            The child to adult ratio of vancomycin clearance and volume of distribution (at steady state) was found to be 0.66 (3.79 /5.66
               L/hr) and 1.44 (39.4/27.3 L/kg) respectively. A difference of at least 2- to 3-fold in the clearance of vancomycin within
               the neonatal age range, is also reported in the literature (Holford, Heo, & Anderson, 2013). Thus, the altered pharmacokinetics of vancomycin is evident in the pediatric population owing to the rapid anatomical and
               physiological changes that occur in this age, and hence, dosing requires more attention to avoid sub-therapeutic and toxic
               doses in them. 
            

            
               Pharmacokinetics of Trimethoprim-Sulfamethoxazole
               
            

            The trimethoprim-sulfamethoxazole combination is widely used in children, though very limited data exist regarding its pharmacokinetics
               and optimal dosing in children. The trimethoprim requires only smaller doses in infants compared to adults, whereas children
               require larger doses than adults as a result of its age-related pharmacokinetics. This could be a result of rapid changes
               in both metabolism and elimination in the newborn child (Hoppu, 1989). The elimination of both trimethoprim and sulfamethoxazole is primarily through renal (Bactrim, 2013), while the remaining portion is metabolized by liver enzymes. The plasma half-life and volume of distribution of TMP-SMX
               were found to be least in the age group 0-3 years, where they exhibited an increased plasma clearance compared to other age
               groups. However, these altered values would be nearer to adult values once they reach puberty (Hoppu, 1989). The volume of distribution (V/F) of TMP and SMX in adults is 1.4 -1.8 L/kg and 0.43 L/kg, respectively. However, a great
               variation was found in V/F of TMP and SMX in pediatrics ranging from 1.4-2.5L/kg (median 2.1 L/kg) and 0.34L/kg each. The
               value of SMX and TMP clearance (CL/F) would attain 50% of the mature adult value at about 0.12 years (approx.6 weeks PNA)
               and 0.24 years (approx.13 weeks PNA) respectively (The Pediatric Trials Network Steering Committee, 2017). 
            

            The exposure achieved in children after oral administration of TMP-SMX at 8/40,12/60 and 15/75 mg/kg/day at a dosing interval
               of every 12 h will be parallel with the exposure achieved in adults after administration of TMP-SMX at 20/1,600 mg/day (8/40)
               and 640/3200mg/day (15/75and 12/60) every 12 hr, respectively. The dose of 8/40mg/kg/day every 12 hours could achieve the
               PD target for bacteria with an MIC (Minimum Inhibitory Concentration) of 0.5 mg/L in most of the pediatric patients whereas
               oral administration of TMP-SMX at 12/60 and 15/75 mg/kg/day divided into administration every 12 hours in subjects 6 to _21
               years and 0 to 6 years of age respectively, was found to be optimal for bacteria with an MIC of up to 1 mg/L (The Pediatric
               Trials Network Steering Committee, 2017). 
            

            
               Pharmacokinetics of Gentamicin
               
            

            Gentamicin’s bactericidal activity depends upon its concentration at the site of action and is considered as a concentration-dependent
               antibiotic (Lacy, Nicolau, Nightingale, & Quintiliani, 1998). The therapeutic efficacy and adverse effects of gentamicin are correlated to the peak serum concentration and the trough
               concentrations, respectively (Goda, Chodavarapu, & Devarakonda, 2016). The risk of nephrotoxicity can be related to the renal cortical aminoglycoside concentration, and ototoxicity is most likely
               associated with repeated exposures and prolonged courses than to transiently elevated peak concentrations of aminoglycosides
               >12 mg/L (Garcia, Emilia, Fernando, Irene, & Molina, 2006). 

            A wide inter and intra-individual difference exists among neonates that depend on both growth and maturation represented by
               body weight and GA (gestational age) and PNA (post-natal age), respectively. Extracellular fluid constitutes about 65% of
               BW at 35 weeks of GA that reduces to 40% at term; this decline in body water continues even after birth, and extracellular
               fluid becomes closely related to body weight and influences the volume of distribution (Fuchs et al., 2014). They have a larger weight normalized volume of distribution (Bijleveld, Heuvel, Hodiamont, Mathôt, & Haan, 2017) and reduced clearance due to the increased intracellular volume and body water content. The gentamicin clearance and volume
               of distribution was estimated to be 0.0014 l/hr/kg and 0.646 l/kg each, in a population pharmacokinetic study in pediatric
               population (Goda et al., 2016) whereas the child to adult ratio of volume of distribution and clearance of gentamicin was found to be 0.66 and 1.30, respectively
               (Holford et al., 2013).
            

             The very preterm newborn requires larger doses and extended dosing intervals compared to the term neonates. The proposed
               dosing regimens in preterm neonates are 5 mg/kg/48 h and 4 mg/kg/24 or 36h for neonates <32 weeks and >32 weeks of GA, respectively
               (Goda et al., 2016).  A once-daily regimen of gentamicin is preferred compared to the multiple-dose daily dosage regimen due to its comparative
               efficacy and less potential to cause nephrotoxicity in children (Lacy et al., 1998).

            The patient’s creatinine clearance, age, current body weight, and disease state has significant correlation with gentamicin
               kinetics whereas gender did not have any influence on the same (Bijleveld et al., 2017; Fuchs et al., 2014; Lacy et al., 1998). Gentamicin clearance is found to increase with age. Gentamicin pharmacokinetics exhibits clinically significant inter-individual
               variability among different age groups within the pediatric population. Therefore, therapeutic drug monitoring services and
               population pharmacokinetic studies could help in optimizing gentamicin therapy in pediatric patients (NCC-WCH, 2012).
            

            
               Pharmacokinetics of Amikacin
               
            

            Amikacin is one of the most commonly used drug either alone or in combination with β-lactams for gram-negative bacterial infections
               in the pediatric population. However, owing to its narrow therapeutic range and wide inter-individual variability, amikacin
               dosing in children requires more attention. Amikacin is predominantly eliminated by renal excretion through glomerulus due
               to its hydrophilic nature as gentamicin (Pacifici & Marchini, 2017). It should be used with extra caution in preterm infants because of the prolonged serum half-life that could be explained
               by the renal immaturity in these patients (Siddiqi, Khan, Khan, & Razzaq, 2009). In neonates, the half-life of amikacin ranges from 5.9 to 7.6 hours, whereas in adults, it is about 1.3 hours. The pharmacokinetics
               of amikacin has shown variable drug levels in neonates. Furthermore, the half-life is 7-14 hours in neonates with a postmenstrual
               age of less than 30 weeks and 4-7 hours at a postmenstrual age of 40 weeks, which indicates the influence of postmenstrual
               age on prolonged half-life and clearance of amikacin in preterm neonates. It is expected that children who are born premature
               and/or have intrauterine growth retardation are associated with a slower glomerular filtration rate and a low nephron endowment
               (Pacifici & Marchini, 2017). The volume of distribution in children and adults is estimated as 31.7 L/70 kg and 18.9 L/70 kg with a child to adult ratio
               of 1.5, which indicates a significantly larger V/F in children (Holford et al., 2013).
            

            However, the usual amikacin therapeutic serum concentrations are not ototoxic and nephrotoxic in term neonates. The usual
               peak levels of amikacin are 20-30 μg/ml, and trough levels are expected to be <5 μg/ml, respectively. In neonates, the suggested
               dose of amikacin is 15 mg/kg. A loading dose of 10 mg/kg followed by a maintenance regimen of 7.5 mg/kg has been proposed
               during the first 7 days of life while the corresponding doses are 17 mg/kg (loading dose) and 15 mg/kg (maintenance dose)
               after the first week of life. In neonate’s, amikacin clearance was found to have a significant correlation with gestational
               age, postnatal age, and size (Siddiqi et al., 2009).

            A once-daily dosage of amikacin (15 mg/kg per day), with a loading dose of 20mg/kg/day, is preferred over frequent administration
               and is well tolerated in pediatric patients (1-12 years) due its relative efficacy and reduced potency for renal toxicity
               (Alqahtani et al., 2018; Belfayol, Talon, Eveillard, Alet, & Fauvette, 1996). The volume of distribution of amikacin is greater in children than in adults and it is inversely related with age. This
               interindividual variability in volume of distribution has a direct effect on the targeted therapeutic peak levels and clearance
               of amikacin (Belfayol et al., 1996). Therefore, an individualized dosage regimen, along with therapeutic drug monitoring, is proposed for amikacin due to its
               narrow therapeutic index and wide variability in pediatric patients. 
            

            
               Pharmacokinetics of Cefotaxime
               
            

            Cefotaxime is the drug of choice in the management of numerous infections in neonates, especially meningitis and septicemia
               caused by gram-negative bacteria. 
            

            In neonates, the half-life of cefotaxime is 2 to 6 hours (Pacifici et al., 2017), whereas in adults, it is about 1.1 hours (Patel, Nicolau, Nightingale, & Quintiliani, 1995).  In preterm infants, the half-life is even more prolonged than term infants (Pacifici et al., 2017). The cefotaxime clearance and volume of distribution in preterm neonates are estimated to be approximately 1.37ml/min/kg
               and 0.61 L/kg, whereas in term neonates, the values are 4.45 ml/min/kg and 0.69 L/kg, respectively (Pacifici, 2010). 
            

            Cefotaxime is generally well-tolerated in neonates. The pharmacokinetics of cefotaxime is continually changing during the
               first month of life owing to the maturation of both hepatic and renal function. Thus, the cefotaxime clearance is influenced
               by post-natal age, gestational age, and renal maturation (Pacifici et al., 2017). Nevertheless, creatinine cannot be considered as the best marker of cefotaxime clearance in neonates due to the influence
               of residual maternally derived creatinine. However, the renal pathway is matured by one year of age only, even though the
               biotransformation pathway is almost matured by 27-28 weeks in term infants (Leroux et al., 2016).

             In neonates, the recommended dose of cefotaxime is 25 mg/kg every 6 hours by intravenous or intramuscular administration
               due to its shorter half-life (Pacifici et al., 2017). However, dosing regimens of 50 mg/kg BID(twice daily) for newborns with a PNA of <7 days, 50 mg/kg TID for newborns with
               a PNA of ≥7 days and a GA of<32 weeks, and 50 mg/kg QID for new-borns with a PNA of ≥7 days and GA of≥32 weeks is also found
               to be effective in neonates with less frequent administration required compared to a 6 hour interval (Leroux et al., 2016).

            The disposition of both cefotaxime and diacetyl cefotaxime was found to be altered in children with renal dysfunction, and
               a dosage adjustment was proposed. A change in dosage interval than in dose is suggested since the renal disease was found
               to have no significant impact on the volume of distribution of cefotaxime. A 25 to 50% reduction of dosage in children with
               moderate renal impairment (CLCR 30 -80 ml/min/1.73 m2) and a 50 to 75% reduction in dosage in children with severe renal impairment (CLCR <30 ml/min/1.73 m2) is suggested to maintain effective therapeutic concentrations of cefotaxime in plasma. However, dosage adjustment must be
               considered on an individual basis based on each patient’s clinical status and renal function (Paap et al., 1991).

         

         
               Results and Discussion

            
               Pharmacokinetics of Penicillin G
               
            

            Penicillin G is widely used in neonatal sepsis due to its high clinical efficacy and safety. But there had been very few data
               regarding the pharmacokinetics of penicillin G in neonates and infants. Penicillin is hydrophilic compounds that are mainly
               eliminated by renal excretion. Both renal glomerular filtration and tubular secretion are reduced in a newborn infant, which
               in turn reduces the disposition of penicillin’s and their clearance (Cl) in newborn as compared to children. The clearance
               is even lower in preterm neonates and is estimated to be 1.7ml/min/kg (Pacifici, 2010). On the contrary, the volume of distribution (Vd) of penicillin’s will be greater in the neonate (0.5 L/kg) than in the adult (0.3L/kg) (Pacifici, 2010) because of the larger water body content in the newborn infant as observed with cefotaxime and gentamicin (Muller et al., 2007; Pacifici, Labatia, Mulla, & Choonara, 2009). The half-life (t½) of penicillin G reduces from 3.2 hours in the first week of life to 1.4 hours in the third week and
               is influenced by postnatal age and gestational age (Muller et al., 2007). The maturation of renal clearance begins even before the birth and thus explains the influence of gestation age on penicillin
               clearance. The current body weight also exhibits a positive correlation with drug clearance (Muller et al., 2007). The penicillin half-life is prolonged in very low birth weight infants (4.6 hours) than term neonates and adults (0.5 hours)
               (Metsvaht, Oselin, Ilmoja, Anier, & Lutsar, 1995).
            

            A dose of 45 to 60 mg/kg and 15 to 30 mg/kg is suggested for the treatment of meningitis and bacteremia, respectively. When
               the postmenstrual age ranges from ≤ 29 to ≤ 44 weeks, the suggested dosing interval is 8 or 12 hour, and when the postmenstrual
               age is ≥ 45 weeks, benzylpenicillin may be administered every 6 hours (Pacifici, 2010). 

            
               Pharmacokinetics of Azithromycin
               
            

            Azithromycin exerts a bacteriostatic effect against many Gram-positive and Gram-negative bacteria (Mcmullan & Mostaghim, 2015). However, oral and intravenous formulations of azithromycin are not recommended for children less than 6 months and 16 years,
               respectively, due to the lack of adequate clinical studies in this population (Smith et al., 2015). 
            

            Azithromycin is administered once daily due to its long half-life. The mean clearance of azithromycin was estimated to be
               1.288L/h/kg in a population pharmacokinetic study conducted in children of 2-12 years of age. Another study estimated the
               clearance and elimination half-life as approximately 0.18L/hr and 58 hours in a preterm neonate of 1 kg compared to 0.95L/kg
               and 26-83 hours in older children (0.5-16 years) (Hassan et al., 2011). Very few studies have been conducted in this age group; hence, there is a lack of standardized dosing regimen and data
               on the safety of azithromycin in neonates (Smith et al., 2015). 

            A loading dose of 15 mg/kg followed by maintenance doses of 10 mg/kg for azithromycin with appropriate dosage adjustment in
               patients with hepatic dysfunction is proposed by a population pharmacokinetic model (Smith et al., 2015). 
            

            
               Pharmacokinetics of Ciprofloxacin
               
            

            Ciprofloxacin is used to treat many infections such as complicated urinary tract infections, brucellosis, prostatitis, traveler's
               diarrhea, respiratory tract infections, etc. However, there are very few data regarding the ciprofloxacin pharmacokinetics
               in children. 
            

            The clearance of ciprofloxacin is significantly lower in new-borns than the other children; however, a wide interindividual
               variability exists within each age group (Meesters et al., 2018). The postnatal age, current body weight, renal function indicated by serum creatinine concentrations has a significant effect
               on the clearance of ciprofloxacin in children. The association of renal function and ciprofloxacin clearance is explained
               by the difference in renal physiological and anatomical maturation since ciprofloxacin is primarily excreted by the kidneys.
               Ciprofloxacin clearance is increased allometrically with current weight in neonates and young infants and illustrates the
               independent impact of both gestational and postnatal ages on antenatal and postnatal renal maturation. Fat-free mass and glomerular
               filtration rate standardized for body surface area may also act as considerable covariates for ciprofloxacin clearance in
               children (Meesters et al., 2018; Payen et al., 2003; Zhao et al., 2014).
            

            The clearance of ciprofloxacin in children and adults was found to be 29.9 L/hr and 31.9 L/hr with a child to adult ratio
               of 0.94 whereas Vd was found to be 260 and 154L/kg (child: adult-1.69), respectively (Holford et al., 2013). However, more pharmacokinetics studies are required to design an optimum dosage regimen for ciprofloxacin in the pediatric
               population.
            

         

         
               Conclusions

            Even though it is generally accepted that pharmacokinetics of the drug in children vary from adults, there is no adequate
               data to provide clear information on the extent of variability and its impact on clinical management of diseases in the pediatric
               population. Therefore, further pharmacokinetic studies are required to be conducted to design a safe and optimum dosing regimen
               of antibiotics in children.  
            

         

      

      
         
               Acknowledgement

            The authors are grateful to the Department of Pharmacy Practice, JSS College of Pharmacy, Ooty, for their support provided.
               
            

         

         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Charles, B,   (2014). Population pharmacokinetics: an overview. Australian Prescriber, 37(6), 210–213. 10.18773/austprescr.2014.078

                  

                  
                     
                        2 
                              

                     

                     Ndubuisi, N N & Herbert, A O,   (2014). Overview of Clinical Pharmacokinetics in Pediatrics: Possible Implications in Therapy. Biomed Pharmacol, 7(1), 169–174. 10.13005/bpj/468

                  

                  
                     
                        3 
                              

                     

                     Rogawski, E T, Platts-Mills, J A, Seidman, J C, John, S, Mahfuz, M, Ulak, M & Guerrant, R L,   (2017). Use of antibiotics in children younger than two years in eight countries: a prospective cohort study. Bulletin of the World Health Organization, 95(1), 49–61. 10.2471/BLT.16.176123

                  

                  
                     
                        4 
                              

                     

                     Downes, K J, Hahn, A, Wiles, J, Courter, J D & Vinks, A A,   (2014). Dose optimisation of antibiotics in children: application of pharmacokinetics/pharmacodynamics in pediatrics. International Journal of Antimicrobial Agents, 43(3), 223–230. 10.1016/j.ijantimicag.2013.11.006

                  

                  
                     
                        5 
                              

                     

                     Germovsek, E, Barker, C I S, Sharland, M & Standing, J F,   (2019). Pharmacokinetic-Pharmacodynamic Modeling in Pediatric Drug Development and the Importance of Standardized Scaling
                        of Clearance. Clinical Pharmacokinetics, 58(1), 39–52. 10.1007/s40262-018-0659-0

                  

                  
                     
                        6 
                              

                     

                     De Velde, F, Mouton, J W, De Winter, B C M, Van Gelder, T & Koch, B C P,   (2018). Clinical applications of population pharmacokinetic models of antibiotics: Challenges and perspectives. Pharmacological Research, 134, 280–288. 10.1016/j.phrs.2018.07.005

                  

                  
                     
                        7 
                              

                     

                     Batchelor, H K & Marriott, J F,   (2015). Pediatric pharmacokinetics: key considerations. British Journal of Clinical Pharmacology, 79(3), 395–404. 10.1111/bcp.12267

                  

                  
                     
                        8 
                              

                     

                     Autmizguine, J, Melloni, C, Hornik, C P, Dallefeld, S, Harper, B, Yogev, R & Gonzalez, D,   (2018). Population Pharmacokinetics of Trimethoprim-Sulfamethoxazole in Infants and Children. Antimicrobial Agents and Chemotherapy, 62(1), 1813–1830. 10.1128/AAC.01813-17

                  

                  
                     
                        9 
                              

                     

                     Marqués-Miñana, M.-R, Saadeddin, A & Peris, J.-E,   (2010). Population pharmacokinetic analysis of vancomycin in neonates. A new proposal for initial dosage guidelines. British Journal of Clinical Pharmacology, 70(5), 713–720. 10.1111/j.1365-2125.2010.03736.x

                  

                  
                     
                        10 
                              

                     

                     Hoang, J, Dersch-Mills, D, Bresee, L, Kraft, T & Vanderkooi, O G,   (2014). Achieving therapeutic vancomycin levels in pediatric patients. Canadian Journal of Hospital Pharmacy, 416–422.
                     

                  

                  
                     
                        11 
                              

                     

                     Stockmann, C, Sherwin, C M T, Zobell, J T, Lubsch, L, Young, D C, Olson, J, Blakeslee, E, Noyes, , Krow, Ampofo & Spigarelli,
                        M G,   (2013). Population Pharmacokinetics of Intermittent Vancomycin in Children with Cystic Fibrosis. Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy, 33(12), 1288–1296. 10.1002/phar.1320

                  

                  
                     
                        12 
                              

                     

                     Levison, M E & Levison, J H,   (2009). Pharmacokinetics and Pharmacodynamics of Antibacterial Agents. Infectious Disease Clinics of North America, 23(4), 791–815. 10.1016/j.idc.2009.06.008

                  

                  
                     
                        13 
                              

                     

                     Holford, N, Heo, Y.-A & Anderson, B,   (2013). A Pharmacokinetic Standard for Babies and Adults. Journal of Pharmaceutical Sciences, 102(9), 2941–2952. 10.1002/jps.23574

                  

                  
                     
                        14 
                              

                     

                     Hoppu, K,   (1989). Changes in trimethoprim pharmacokinetics after the newborn period. Archives of Disease in Childhood, 64(3), 343–345. 10.1136/adc.64.3.343

                  

                  
                     
                        15 
                              

                     

                     Bactrim, TM,   (2013). Sulfamethoxazole and trimethoprim DS (double strength) tablets and tablets USP. Mutual Pharmaceutical Company.
                     

                  

                  
                     
                        16 
                              

                     

                     Lacy, M K, Nicolau, D P, Nightingale, C H & Quintiliani, R,   (1998). The Pharmacodynamics of Aminoglycosides. Clinical Infectious Diseases, 27(1), 23–27. 10.1086/514620

                  

                  
                     
                        17 
                              

                     

                     Goda, Satyanarayana, Chodavarapu, R K & Devarakonda, K R,   (2016). Gentamicin population pharmacokinetics in Indian pediatric patients. Asian Journal of Pharmaceutical and Clinical Research, 9(3), 311–315.
                     

                  

                  
                     
                        18 
                              

                     

                     Garcia, B, Emilia, Barcia, Fernando, Pérez, Irene, T & Molina, I T,   (2006). Population pharmacokinetics of gentamicin in premature newborns. Journal of Antimicrobial Chemotherapy, 58(2), 372–379. 10.1093/jac/dkl244

                  

                  
                     
                        19 
                              

                     

                     Fuchs, A, Guidi, M, Giannoni, E, Werner, D, Buclin, T, Widmer, N & Csajka, C,   (2014). Population pharmacokinetic study of gentamicin in a large cohort of premature and term neonates. British Journal of Clinical Pharmacology, 78(5), 1090–1101. 10.1111/bcp.12444

                  

                  
                     
                        20 
                              

                     

                     Bijleveld, Y A, Van Den Heuvel, M E, Hodiamont, C J, Mathôt, R A A & De Haan, T R,   (2017). Population Pharmacokinetics and Dosing Considerations for Gentamicin in Newborns with Suspected or Proven Sepsis
                        Caused by Gram-Negative Bacteria. Antimicrobial Agents and Chemotherapy, (1), 1304–1320. 10.1128/AAC.01304-16

                  

                  
                     
                        21 
                              

                     

                     NCC-WCH  (2012). National Collaborating Centre for Women’s and Children’s Health.    
                     

                  

                  
                     
                        22 
                              

                     

                     Pacifici, G M & Marchini, G,   (2017). Clinical pharmacokinetics of amikacin in neonates. International Journal of Pediatrics, 5(2), 4407–4428. 10.22038/ijp.2017.21706.1815

                  

                  
                     
                        23 
                              

                     

                     Siddiqi, A, Khan, D A, Khan, F A & Razzaq, A,   (2009). Therapeutic drug monitoring of amikacin in preterm and term infants. Singapore Medical Journal, 50(5), 486–489.
                     

                  

                  
                     
                        24 
                              

                     

                     Pacifici, G M & Marchini, G,   (2017). Clinical pharmacology of cefotaxime in neonates and infants: Effects and pharmacokinetics. International Journal of Pediatrics, 5(11), 6111–6138. 10.22038/ijp.2017.26241.2244

                  

                  
                     
                        25 
                              

                     

                     Alqahtani, S, Abouelkheir, M, Alsultan, A, Elsharawy, Y, Alkoraishi, A, Osman, R & Mansy, W,   (2018). Optimizing Amikacin Dosage in Pediatrics Based on Population Pharmacokinetic/Pharmacodynamic Modeling. Pediatric Drugs, 20(3), 265–272. 10.1007/s40272-018-0288-y

                  

                  
                     
                        26 
                              

                     

                     Belfayol, L, Talon, P, Eveillard, M, Alet, P & Fauvette, F,   (1996). Pharmacokinetics of once-daily amikacin in pediatric patients. Clinical Microbiology and Infection, 2(3), 65141–65148. 10.1016/S1198-743X(14

                  

                  
                     
                        27 
                              

                     

                     Patel, K B, Nicolau, D P, Nightingale, C H & Quintiliani, R,   (1995). Pharmacokinetics of cefotaxime in healthy volunteers and patients. Diagnostic Microbiology and Infectious Disease.,
                        22, 49–55. 10.1016/0732-8893(95)00072-I

                  

                  
                     
                        28 
                              

                     

                     Pacifici, G M,   (2010). Clinical Pharmacokinetics of Penicillins, Cephalosporins, and Aminoglycosides in the Neonate: A Review. Pharmaceuticals, 3(8), 2568–2591. 10.3390/ph3082568

                  

                  
                     
                        29 
                              

                     

                     Leroux, S, Roué, J.-M, Gouyon, J.-B, Biran, V, Zheng, H, Zhao, W & Jacqz-Aigrain, E,   (2016). A Population and Developmental Pharmacokinetic Analysis To Evaluate and Optimize Cefotaxime Dosing Regimen in Neonates
                        and Young Infants. Antimicrobial Agents and Chemotherapy, 60(11), 6626–6634. 10.1128/AAC.01045-16

                  

                  
                     
                        30 
                              

                     

                     Paap, C M, Nahata, M C, Mentser, M A, Mahan, J D, Puri, S K & Hubbard, J W,   (1991). Pharmacokinetics of cefotaxime and its active metabolite in children with renal dysfunction. Antimicrobial Agents and Chemotherapy, 35(9), 1879–1883. 10.1128/AAC.35.9.1879

                  

                  
                     
                        31 
                              

                     

                     Pacifici, G M, Labatia, J, Mulla, H & Choonara, I,   (2009). Clinical pharmacokinetics of penicillins in the neonate: a review of the literature. European Journal of Clinical Pharmacology, 65(2), 191–198. 10.1007/s00228-008-0562-y

                  

                  
                     
                        32 
                              

                     

                     Muller, A E, Dejongh, J, Bult, Y, Goessens, W H F, Mouton, J W, Danhof, M, Den, Van & Anker, J N,   (2007). Pharmacokinetics of Penicillin G in Infants with a Gestational Age of Fewer than 32 Weeks. Antimicrobial Agents and Chemotherapy, 51(10), 3720–3725. 10.1128/AAC.00318-07

                  

                  
                     
                        33 
                              

                     

                     Metsvaht, T, Oselin, K, Ilmoja, M.-L, Anier, K & Lutsar, I,   (1995). Pharmacokinetics of Penicillin G in Very-Low-Birth-Weight Neonates. Antimicrobial Agents and Chemotherapy, 51(6). 10.1128/AAC.01506-06

                  

                  
                     
                        34 
                              

                     

                     Mcmullan, B J & Mostaghim, M,   (2015). Prescribing azithromycin. Australian Prescriber, 38(3), 87–89.
                     

                  

                  
                     
                        35 
                              

                     

                     Smith, C, Egunsola, O, Choonara, I, Kotecha, S, Jacqz-Aigrain, E & Sammons, H,   (2015). Use and safety of azithromycin in neonates: a systematic review. BMJ Open, 5(12). 10.1136/bmjopen-2015-008194

                  

                  
                     
                        36 
                              

                     

                     Hassan, H E, Othman, A A, Eddington, N D, Duffy, L, Xiao, L, Waites, K B, David, A, Kaufman, , Fairchild, K D, Terrin, M L
                        & Viscardi, R M,   (2011). Pharmacokinetics, Safety, and Biologic Effects of Azithromycin in Extremely Preterm Infants at Risk for Ureaplasma
                        Colonization and Bronchopulmonary Dysplasia. The Journal of Clinical Pharmacology, 51(9), 1264–1275. 10.1177/0091270010382021

                  

                  
                     
                        37 
                              

                     

                     Meesters, K, Michelet, R, Mauel, R, Raes, A, Van Bocxlaer, J, Vande Walle, J & Vermeulen, A,   (2018). Results of a Multicenter Population Pharmacokinetic Study of Ciprofloxacin in Children with Complicated Urinary
                        Tract Infection. Antimicrobial Agents and Chemotherapy, 62(9), 517–535. 10.1128/AAC.00517-18

                  

                  
                     
                        38 
                              

                     

                     Payen, S, Serreau, R, Munck, A, Aujard, Y, Aigrain, Y, Bressolle, F & Jacqz-Aigrain, E,   (2003). Population Pharmacokinetics of Ciprofloxacin in Pediatric and Adolescent Patients with Acute Infections. Antimicrobial Agents and Chemotherapy, 47(10), 3170–3178. 10.1128/AAC.47.10.3170-3178.2003

                  

                  
                     
                        39 
                              

                     

                     Zhao, W, Hill, H, Le Guellec, C, Neal, T, Mahoney, S, Paulus, S, Castellan, C, Kassai, B, Van Den Anker, J N, Kearns, G L,
                        Turner, M A & Jacqz-Aigrain, E,   (2014). Population pharmacokinetics of ciprofloxacin in neonates and young infants less than three months of age. Antimicrobial Agents and Chemotherapy, 58(11), 6572–6580.
                     

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      Antibiotics and its altered pharmacokinetics in the pediatric population : An evidence-based review


      
        		
          Content
        


      


    
  

