8

Pediatrics
Carolyn E. Ragsdale and
Kathryn Givens Merkel

Basic principles regarding estimation of renal function and the management of renal dysfunction in adults
can be applied to the pediatric patient. As recommended in the Kidney Disease Improving Global Outcomes
(KDIGO) Clinical Practice Guideline for Acute Kidney Injury,1 determine and reverse the cause of renal injury
when possible. It is important to estimate intrinsic and/or extrinsic glomerular filtration rates (GFRs) to determine the most appropriate dose of medications excreted by glomerular filtration to avoid the potential negative consequences of drug toxicity. Additionally, continue to assess a patient’s medication profile to eliminate or
reduce the number of medications that are associated with nephrotoxicity. While managing patients with acute
and/or chronic renal dysfunction, therapy must be individualized based on a patient’s severity of renal dysfunction, clinical situation, and risk of under- or overdosing medications. These concepts are all similar whether the
management is of an adult or pediatric patient. The description of the pediatric age classifications is included
in Table 8-1.

TABLE 8-1. Age Classification of Pediatric Patients
Classification

Description

Preterm Infant

<37 weeks gestation to 1 year of age

Term Infant

≥37 weeks gestation to 1 year of age

Neonate

0 to 28 days of life

Child

1–12 years of age

Adolescent

13–18 years of age

Adult

˃18 years of age

ESTIMATING PEDIATRIC RENAL FUNCTION
The GFR is the best measurement of renal function; however, it cannot be directly measured. Exogenous and
endogenous substances can be measured from the serum and/or urine to be used as surrogate markers for GFR.
Use of exogenous substances involves serial blood and/or urine sampling and may involve radiation exposure,
which limits the routine use in pediatric patients. Use of endogenous substances such as serum creatinine or
cystatin C can more easily be obtained and incorporated into day-to-day practice.
Serum creatinine is the most widely used endogenous surrogate marker of GFR estimation in both pediatric and adult patients; however, limitations do exist. Measurement of creatinine concentrations takes into
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account creatinine undergoing glomerular filtration and secretion by the proximal tubules, which
accounts for 10–40% of urinary creatinine.2 Filtration and secretion work to maintain a balance in
creatinine concentrations. For example, if filtration decreases causing creatinine concentrations
to rise, secretion will increase to attempt to lower
creatinine concentrations. Thus, serum creatinine
concentrations may not accurately reflect the
extent of filtration decline and GFR may be overestimated. Furthermore, since creatinine undergoes tubular secretion, it may be falsely elevated
in children ˂1 year of age due to gradual maturation of tubular function.3 In contrast, patients
with nephrotic syndrome and sickle cell disease
have higher tubular secretion than other patients
due to changes in albumin concentrations, which
may lead to a serum creatinine concentration
that is falsely low.4 In neonates, serum creatinine does not reliably predict GFR, as neonatal
serum creatinine reflects maternal serum creatinine in the first 2–4 weeks of life depending on the
gestational age.3 Because creatinine is affected by
muscle mass, it may not accurately estimate GFR
in patients with extremes of body composition,
such as patients with spina bifida, cerebral palsy,
wheelchair-bound status, and those with body
mass indexes ≥ 95th percentile for age and sex.5
Additionally, patients with extremely high or low
protein intake may have falsely high or low serum
creatinine concentrations, respectively, thereby
affecting GFR estimates.
Cystatin C is an endogenous marker being
investigated for use to estimate GFR in pediatric
patients. Unlike serum creatinine, serum cystatin
C almost exclusively undergoes glomerular filtration with no tubular secretion. Additionally, serum
cystatin C concentrations are not dependent on
age, gender, body composition, or diet; however,
concentrations can be affected by an elevated
c-reactive protein, thyroid dysfunction, and/or
concomitant corticosteroid use.5-7 The serum halflife of cystatin C is shorter than that of serum creatinine which allows for the detection of early, acute
changes in GFR. Cystatin C does not cross the
placenta, so neonatal cystatin C concentrations are
not falsely elevated; however, preterm neonates
typically have higher serum cystatin C concentrations than term neonates.3 Similar to serum creatinine, serum cystatin C concentrations are highest
at birth, decrease until the first year of life, then

remain stable into adulthood.7,8 Use of serum
cystatin C in GFR prediction equations may be
preferred over serum creatinine when estimating
GFR in pediatrics patients at extremes of body
composition, dietary intake of protein, or age. At
this point in time, cystatin C is not used routinely
in clinical practice because different methodologies are available to measure cystatin C which
limits its utilization across a wide range of institutions and patient populations.8
Glomerular development begins as early as
the 9th week of gestation and urine is produced
by the 12th week of gestation. The number and
size of nephrons increases steadily until nephrogenesis is complete by the 34th or 36th week of
gestation.3,9 Neonates born prior to 34 to 36 weeks
gestation may not have completed nephrogenesis thereby resulting in decreased nephron size
and functionality. At birth, the size and functionality of the nephrons increases until reaching adulthood capacity, typically by 2 years of age.3 The
serum creatinine of term neonates at birth may be
elevated because it is reflective of maternal serum
creatinine; preterm neonate serum creatinine may
be even more elevated and increase further during
the first week of life based on the degree of prematurity. At birth, GFR is low because systemic perfusion is low and renal vascular resistance is high;
tubular function and renal concentrating ability are
immature.3,9 During the first 2 weeks of life, serum
creatinine values will remain higher than normal
but will begin to normalize as systemic blood pressure increases and body composition changes.
Preterm neonatal serum creatinine values will likely
take longer to normalize. During this time period,
urine output may be high as neonates eliminate
excess total body/extracellular fluid.9 Serum creatinine values remain stable until 1 to 2 years of age
while GFR increases dramatically during this time.
Serum creatinine and GFR plateau around 2 years
of age and gradually increase to adult concentrations as children continue to grow and develop.3,9
Normal GFR, serum creatinine values, and urine
output based on age is included in Table 8-2.
The most widely used equation to estimate GFR in pediatric patients is the original
Schwartz equation. The first Schwartz equation
was published in 1976 and requires a serum creatinine measurement and proportionality constant
that standardizes GFR estimates for age, gender,
and body composition differences.14,15 In the time

