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Abstract 

 

There is no curative pharmacologic treatment for acute kidney injury (AKI). However, these 

episodes of AKI can be frequent in critically ill pediatric patients admitted to the intensive care 

unit. The classification of pediatric AKI is based upon increased serum creatinine levels or 

decreases in urine output. Pediatric AKI can be classified depending on what criteria and which 

guideline for treatment is used. Optimization of volume status and blood pressure, avoidance of 

nephrotoxins, and nutritional support are critical for early stage or patients at high risk for 

developing AKI to decrease mortality and improve long term outcomes in selected pediatric 

patient populations such as neonates, young adults, and transplant patients.
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cute Kidney Injury (AKI) is an 

condition in which the kidneys 

abruprtly cannot filter waste from 

the blood properly. This leads to symptoms 

such as low urine output, abdnormal swelling 

around the body due to edema, hypertension, 

fatigue or tiredness, and even seizures or 

coma in serious cases.1 Each year in the 

United States an estimated 13.3 million 

people are diagnosed with AKI; 

approximently one-third of critically ill 

pediatric patients  in the United States 

admitted to intensive care units  are 

diagnosed with AKI.2,3 Not only is AKI 

common in pediatric intensive care units 

(PICU’s), but is also common in infants and 

children undergoing cardiac surgery, with an 

incidence rate of 30-50%.3 The crucial role of 

the pharmacist in the care of these patients is 

utilizing their knowledge on fluid status and 

symptomatic relief to effectively reduce long 

term outcomes such as chronic kidney 

disease (CKD) or cardiovascular disease in 

pediatric patient populations. 

 

Definition and Background 

The 2012 Kidney Disease: Improving 

Global Outcomes (KDIGO) Clinical Practice 

Guideline for Acute Kidney Injury contains 

the treatment goals for pediatric patients as 

well as different staging systems to be used 

when diagnosing these patient populations.4 

One such  system is the pRIFLE (pediatric 

Risk, Injury, Failure, Loss of kidney 

function, and End-stage kidney disease). The 

pRIFLE system uses creatinine clearance 

(CrCl) based on the Schwartz formula to 

estimate the change in glomerular filtration 

rate (GFR) rather than serum creatinine (SCr) 

levels.4 The rise in SCr by 0.3 mg/dl within 

48 hours is defined as AKI by the Acute 

Kidney Injury Network (AKIN).4 The 

pRIFLE system is most widely used by 

clinicians today as the classical system of 

diagnosing AKI in pediatric patients. 

However, the KDIGO definition and staging 

system for AKI is the most recent and 

preferred definition utilized in the pediatric 

AKI literature.4 

This KDIGO AKI definition applies 

to both children and adults, has a less 

restrictive diagnostic timeframe than AKIN, 

and has been validated in hospitalized 

children with both critical and noncritical 

illness.3 In this system, the SCr and urine 

output are taken into account to stage an AKI 

at 1, 2, or 3 with 3 being the most extensive 

insult. For example, if a patient has a urine 

output of less than 0.5 ml/kg/hr for 8 hours 

and a SCr that is 1.5-1.9 times baseline, then 

the patient fits into stage 1 AKI.5 There is no 

clear guideline on what is defined as baseline, 

but generally the literature defines it as the 

lowest SCr measured in the previous 3 

months.5 The KDIGO AKI definition, created 

in 2012, is still working its way into 

children’s hospitals. Many clinicians still 

veer to the pRIFLE system for guiding 

treatment of pediatric AKI.4 

Along with understanding the 

pathophysiology of AKI and 

pharmacotherapy for it, one must also 

understand pediatric pharmacokinetics. In 

neonates, immature enzyme development 

and renal function can lead to reduced 

clearance.6 This is because nephrons do not 

become completely functional until 36 weeks 

gestation.6 With the advent of new age 

medicine and many neonates are being born 

before the full term, patients may be born 

without fully functioning kidneys.6 These 

patients must have their blood pressure, fluid 

status, and kidney function monitored 

A 
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closely. In contrast, increased renal clearance 

of drugs is seen in children older than 1 year 

to children at prepubescent age due to the rate 

of maturation of the kidneys exceeding the 

increase in body size.7 These variations can 

also lead to the high probability of drug-

induced AKI in pediatric patients.7 It is 

important for pharmacists and clinicians to 

keep hese principles in mind and take extra 

care to dose fluids and medications correctly. 

 

Fluid and Electrolyte Considerations 

The 2018 Clinical Practice Guideline 

for Maintenance Intravenous Fluids in 

Children can help pharmacists accurately 

dose fluid orders for pediatric patients.8 

Historically, the debate has been whether to 

dose pediatric patients with isotonic or 

hypotonic fluid, with the latter often winning 

out.8 The water requirement for dosing 

hypotonic fluid was based on the energy 

expenditure of healthy children, with 1 mL of 

fluid provided for each kilocalorie (kcal) 

expended, or 1500 mL/m2 per day.8  One 

problem with this is that this can lead to 

children developing symptomatic 

hyponatremia. Pediatric patients are at 

particularly high risk of developing 

hyponatremia because of their larger 

brain/skull size ratio.8  

AKI is common in patients presenting 

with hyponatremia and is usually of prerenal 

origin, meaning that the choice of 

hyponatremic solutions may not be 

appropriate.9 Thus, the category 1A 

recommendation from the guidelines is that 

patients 28 days to 18 years of age requiring 

maintenance intravenous fluids (including 

patients with AKI), should receive isotonic 

solutions with appropriate potassium and 

dextrose because they significantly decrease 

the risk of developing this hyponatremia.8 

The choice of isotonic fluid should be 

reviewed by the pharmacist and chosen 

accordingly in pediatric patients with AKI. It 

is worth mentioning that the dose of fluid 

needs to be adjusted on the basis of the 

unique physiologic needs of each patient 

during the 4 phases of fluid therapy 

(resuscitation phase, the optimization phase, 

the stabilization phase and the evacuation 

phase). A specific fixed dose may not be 

applied to all patients.8 

  

Neonatal Considerations 

Existing research on pediatric AKI 

has largely excluded neonates.10 The term 

“neonate” is defined as the first 4 weeks of 

life, when the most changes take place post-

birth.10 The data that exists is mostly from 

neonates in the neonatal intensive care unit 

(NICU) or those undergoing surgical repair 

for congenital heart disease.10 The National 

Insitute of Diabetes and Digestive and 

Kidney (NIDDK) has set forth the most 

current criteria for the identification of 

neonatal AKI versus the pediatric 

definition.10 In this definition, established in 

2016, stage 1 AKI is still a greater than 0.3 

mg/dl rise within 48 hours or greater than 1.5-

1.9 times baseline, but the baseline is 

different.10 There is no baseline SCr in 

neonates, so it should be measured day to 

day, especially because the SCr should be 

physiologically decreasing postnatally.10 

Additionally, the urine output criteria 

changes for neonates. Instead of less than 0.5 

mg/kg/hr for 8 hours, one must watch 

neonates for less than or equal to 1 mg/kg/hr 

for 24 hours before action should be done in 

stage 1 AKI.10 

The prognosis of AKI in neonates is 

dependent on both the origin of the injury and 

also on the gestational age; patients born 
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premature (before 37 weeks of pregnancy) 

are at higher risk for AKI, and patients born 

with AKI of the prerenal origin carry the 

worst prognosis.11 Similar to older children, 

neonates have lower serum sodium levels, 

and should be monitored for all slight 

electrolyte imbalances. It is worth 

mentioning that in the setting of AKI in 

neonatal care, a low serum sodium level is 

best treated with fluid restriction rather than 

with isotonic fluid or sodium 

supplementation.11 The potassium level must 

be closely monitored in these patients as well, 

and early recognition is critical. Management 

of high potassium (hyperkalemia) should be 

swift with calcium gluconate for cardiac 

stabilization, dextrose with insulin, and 

excretion of potassium through the use of 

loop diuretics.11 Despite these medications, 

25-50% of patients do pass away if afflicted 

with an AKI.11 Additionally, long-term 

problems often do appear in survivors. 

  

Prognosis Considerations 

Not only has AKI has been associated 

with poor short-term outcomes, but 

investigators have also established an 

association between AKI and CKD 

development later in life.12 Regardless of the 

cause of the AKI, renal dysfunction later in 

life is possible due to fibrosis of the nephrons 

and reduced renal mass.12 Because the 

tubules are growing during the first phase of 

life, tubules fail to differentiate and then do 

not regain normal function, and continue to 

produce proinflammatory and profibrotic 

signals.12 In numerous studies, proteinuria, 

hypertension, eGFR < 60 ml/min/1.73 m2, 

and hyperfiltration due to kidney fibrosis are 

grouped into one outcome of “renal 

dysfunction”, also known as contributing 

factors to  CKD.12 One such study, Menon et 

al., examined 100 children who developed 

AKI and found impressively high rates of 

proteinuria (68.5%), hypertension (37.6%), 

and an eGFR of < 60 mL/min/1.73 m2 

(23.4%).13 The best available data in children 

demonstrate that chronic renal squelae 

following episodes of AKI predispose 

patients to CKD, meaning it is the prevention 

of AKI that is critical.13 

 

Kidney Transplant Considerations 

Hospital systems have veered in 

favor of kidney transplantation of children 

with the advent of new age medicine, which 

enables faster allocation.14 Therefore, 

pharmacists and specifically pediatric 

pharmacists must be well equipped with the 

information needed to treat these patients 

and prevent AKI. The KDIGO Clinical 

Practice Guideline on the Evaluation and 

Management of Candidates for Kidney 

Transplantation contains the guidelines for 

the care of pediatric patients needing a 

kidney transplant and strategies to prevent 

AKI in these patients.15 The eGFR 

requirement for kidney transplant surgery 

for pediatric patients is an important 

differentiation from adult patients. A 

category 1D recommendation from the 

guidelines includes that when a live donor is 

available or where pre-emptive deceased 

donor transplantation is possible, cases 

should proceed when the eGFR is is less 

than 15 ml/min/1.73 m2.15 This is different 

from adults, where the eGFR needs to be 

less than 10 ml/min/1.73 m2 in order to 

undergo transplantation.15  

Studies have shown that children that 

undergo kidney transplantation have higher 

rates of AKI, and should be treated and 

managed efficiently.15,16 Alkandari et al. a 

retrospective longitudinal analysis at The 
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Hospital for Sick Children in Toronto, found 

that AKI was common after pediatric kidney 

transplantation, and it was associated with 

graft loss, lower eGFR, and more rapid 

progression of CKD.16 

 

Conclusion 

There is no true curative treatment for 

AKI, but these episodes are common in 

pediatric patients and especially in those pre-

disposed to AKI such as neonates and 

transplant patients. The KDIGO clinical 

practice guideline contains the best 

recommendations for both the identification 

and management of these patients. When 

possible, prevention of AKI is the primary 

goal, but early recognition and mitigation are 

crucial. The role of the pharmacist is to treat 

the symptoms and restore fluid status as 

quickly as possible in these patient 

populations, and be adequately prepared if 

the pediatric patient were to present with an 

AKI. 
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