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Not Just Small Adults: Considerations for Pediatric Chronic Kidney Disease

Abstract

Chronic kidney disease (CKD), including pediatric CKD, is a global public health concern.
Pediatric CKD has lasting effects into adulthood. In this review, we focus on the etiology of
pediatric CKD and unique aspects that should be considered in treating a child with CKD,
such as ensuring adequate nutrition and assessing growth hormone axis dysregulation.
We review risk factors for CKD progression and how clinical surveillance can be used to
address modifiable factors. We address the issues of accurate glomerular filtration rate
(GFR) estimation, cardiovascular disease, immunization, neurodevelopment, and planned
transition to adult care. We also cover kidney failure preparation and global CKD care

disparities affecting children worldwide.
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Introduction

Chronic kidney disease (CKD) is a global
public health concern.! In adults, the
prevalence, morbidity, and mortality of
CKD are rising.2 For children, the global
prevalence of CKD is estimated around 15-
96 cases per million, though epidemiologic
data for pediatric CKD are scarce.>* Although
CKD affects a relatively small proportion of
children compared to adults globally, the
number of children affected is growing in
certain regions.>” Pediatric CKD has distinct
features that impact patients lifelong.® This
review highlights unique aspects of CKD
in children, including diagnosis of CKD,
common etiologies and risk factors for
progression, secondary growth impairment,
neurocognitive impacts, preparation for
kidney failure (KF), eventual transition
of care, and leading causes of mortality.
We also discuss the global disparities in
accessing life-saving kidney replacement
therapy (KRT) for children with KF.

CKD diagnosis and risk factors in
children

Measuring estimated glomerular filtration
rate (eGFR)

CKD is characterized by gradual loss of
kidney function over time. Early diagnosis
and prompt treatment are crucial for
delaying or preventing sequelae related to
CKD, but determining the degree of kidney
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dysfunction in children can be challenging.®
Conventional CKD staging relies on body
surface area (BSA) adjusted eGFR.*'? From
0 to 2 years old, renal blood flow increases
in response to higher mean arterial
pressure and decreased renal vascular
resistance.’® Consequently, at two years old,
children have BSA-adjusted eGFR similar
to healthy adults, but infants and toddlers
have lower BSA-adjusted eGFR before two
years old.** Thus, age-specific GFR values
must be utilized instead of conventional
CKD staging for children younger than two
years. For infants and young children, the
severity of CKD sequelae can also help
classify the degree of CKD.%*

Creatinine-based eGFR measurements
used for adults are less accurate for
children.™>* A more accurate approach
is to use a combination of creatinine and
cystatin C. Cystatin C is a more expensive
test than creatinine, but, unlike creatinine,
it is unaffected by muscle mass. 124
The Schwartz Formula (2009) is a widely
accepted creatinine-only method  of
estimating GFR in children: multiply height
(cm) by 0.413 and divide by serum creatinine
(mg/dL).** The Chronic Kidney Disease in
Children Under 25 (CKiD U25) calculator is
increasingly preferred because it exhibits
less bias across a more comprehensive
age range than the Schwartz equation and
has options for calculating eGFR based on
creatinine, cystatin C, or both.}”%°
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More population diversity in deriving GFR estimating
equations is required to establish global validity.?® North
American and European registries have disproportionately
enrolled children with European ancestry, and further work
is needed to examine the performance of eGFR equations
in populations with other ancestral histories, including
South Asians.??

The Kidney Disease Improving Global Outcomes (KDIGO)
guidelines for adults use a degree of albuminuria and eGFR
to stage CKD.!° However, albuminuria is not as functional
for CKD staging in pediatrics due to the predominance of
non-glomerular kidney diseases.?® For children with non-
glomerular etiologies of CKD, albuminuria is only seen
with kidney scarring in later CKD stages.?* Although serum
markers are primarily used for pediatric CKD staging,
proteinuria can be a valuable marker for prognostication.®
For children with CKD, persistent proteinuria (urine protein-
to-creatinine ratio of >2 for those with non-glomerular
etiologies and >0.5 for those with glomerular etiologies)
predicts significant CKD progression.?®

Screening for pediatric CKD

Some countries, including Korea, Taiwan, and Japan, have
national urinary screening programs for early detection
of pediatric CKD.?” Screening remains controversial in
other countries because of the low incidence of pediatric
CKD and the commonality of false positive urine dipstick
results. In the United States (U.S.), 8,954 children received
screening urine dipsticks, of which 1,264 had abnormal
results. Only 11 of the 1,264 (0.1% of the total sample)
were diagnosed with CKD.?® The screening program costs
$2997.50 per case of diagnosed CKD.? Thus, the American
Academy of Pediatrics does not recommend routine
urinary dipstick screening for children.?

Currently, India does not have national guidelines for
routine pediatric CKD screening. More information is
needed on the prevalence of pediatric CKD in India to
determine the cost-benefit of a nationwide screening
program.’® Even in countries where routine screening for
pediatric CKD is not recommended, there may be specific
higher-risk subgroups, such as premature infants, who
would benefit from screening.?!

Etiology of pediatric CKD

Only a few large population-based studies of pediatric CKD
have been conducted, in part due to the asymptomatic
nature of early-stage CKD.? Existing data demonstrate
that the most common cause of CKD in children is
congenital anomalies of the kidney and urinary tract
(CAKUT), accounting for 50-65% of children with CKD.3233
Consequently, although albuminuria is a sensitive marker
for CKD severity in adults, it is a less sensitive marker for
children, in whom non-glomerular causes of CKD are more
common.** CAKUT can be an isolated finding or part of a
genetic syndrome, and prenatal ultrasounds are key for
early diagnosis.>183234
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Other common etiologies of pediatric CKD are obstructive
uropathy, steroid resistant nephrotic syndrome (e.g.,
focal segmental glomerulosclerosis) and  chronic
glomerulonephritis, which together account for 20% of CKD
in children. Alport syndrome, cystinosis, and post-acute
kidney injury together account for 15%.%** Monogenic
causes are found in 10-60% of children with CKD due to
CAKUT or glomerulonephritis.?>?® Certain risk alleles have
also been identified. For example, children with sickle cell
disease and APOL1 risk variants are reported to develop a
more rapid decline in eGFR than those without.3*3> These
findings emphasize the utility of targeted genetic testing
for pediatric patients with CKD, both for diagnostics and to
guide clinical management.3-38

Risk factors for CKD progression in children

Like the adult population, hypertension, proteinuria, and
obesity are independent risk factors for CKD progression
in the pediatric population [Figure 1].** The ESCAPE trial
showed that intensified BP control for children with CKD
provided a 35% relative risk reduction in CKD progression
compared to more permissive BP management.*° The
CKiD study showed that the CKD stage stratified by eGFR
and proteinuria characterizes the timeline of progression
to kidney failure, as seen in adults.®® In children, non-
glomerular disease is the most common cause of CKD
and has a 43% slower progression when compared to
glomerular disease.*

Obesity can lead to kidney injury from increased
intraglomerular pressure.’> The International Pediatric
Peritoneal Dialysis Network found that 19.7% of children
worldwide were overweight or obese at the start of
chronic peritoneal dialysis (PD), underscoring the need
for early establishment of habits such as energy intake
moderation (without compromising nutrition) and regular
physical activity.*

Low birth weight and prematurity are also risk factors
for CKD progression. Each human kidney has 1 million
nephrons on average, though that number varies widely.*
Most nephrons are formed during the third trimester
of pregnancy, and low birth weight and prematurity are
linked to low nephron number. For babies born premature,
nephrogenesis continues in the extrauterine environment
for a limited time, but extrauterine nephrogenesis is
associated with fewer layers of nephrons and nephron
maldevelopment.*“*¢ Decreased nephron number and
nephron maldevelopment lead to increased CKD risk both
in childhood and later in life, supporting the concept of
“fetal programming” even in adult CKD.3*%

Urologic problems also impact CKD progression.’* The
kidney and urinary tract develop through reciprocal
interactions between the ureteric bud, which forms
the wurinary collecting system, and the metanephric
mesenchyme, which forms nephrons.®®* Many young
children with urinary tract abnormalities have normal eGFR.
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Patient-level factors

Modifiable
hypertension
proteinuria
obesity
AKI

Nonmodifiable
low nephron number
genetics
puberty
CAKUT

Community and family-level factors:
low health literacy and level of education

Societal factors:
socioeconomic disparities, ethnic discrimination, environmental toxins

Figure 1: Risk factors for CKD progression. Created with BioRender.
com. AKI: Acute kidney injury, CAKUT: Congenital abnormalities
of the kidney and urinary tract, CKD: Chronic kidney disease.

However, they may still have microscopic kidney dysplasia
because of these complex two-way signaling pathways
through which the kidney and urinary tract develop.®

Urologic abnormalities—such as bladder dysfunction
commonly seen in boys with posterior urethral valves,
neurogenic bladder, and vesicoureteral reflux (VUR)—
predispose children to recurrent urinary tract infections
(UTls) and kidney scarring.*® Recurrent UTIs can increase the
risk of CKD progression, and antibiotic prophylaxis may be
indicated in high-grade VUR.>*>2 To optimize bladder health,
constipation should be prevented and treated. Strategies
such as timed and double voiding are also helpful in
preventing urine withholding.>* Understanding how to care
for patients with CAKUT is relevant for pediatric and adult
providers since half of patients with CAKUT who progress to
KF do so after the first three decades of life.143655

Rapid periods of growth, including puberty, are critical
windows to surveil CKD progression. eGFR declines 10

times faster after the pubertal growth spurt.*® Regular
clinical surveillance is also an opportunity to reinforce
kidney protective habits that can mitigate CKD progression,
including preventing acute kidney injury (AKI) from
nephrotoxic medications and dehydration. Similar to adults,
AKl is a risk factor for the progression of CKD in children.>’

Crucially, social inequities and disparities influence the risk
of pediatric CKD progression worldwide.’*%%* |n the CKiD
cohort, there was an association between higher parental
health literacy and slower progression of CKD.®® Faster GFR
decline in black children compared to white children in the
U.S. is also influenced in part by non-biological disparities,
such as racial disparities in socioeconomic and parental
education status, exposure to environmental risk factors
such as air pollution and water toxins, and experiences
with structural racism.#>®

Care of a child with CKD

This section covers complications of CKD in children, many
of which are similar to those seen in adults. We emphasize
issues that pose unique challenges for children, such as
growth failure, neurocognitive outcomes, preparation for
kidney failure, and the transition of healthcare between
adolescence and young adulthood [Figure 2].

Growth failure in children with CKD

Childhood is a critical time of skeletal growth in size
and strength, and bone mass achieved in childhood and
adolescence determines bone health over the entire lifes
pan.?%2 Children can have impaired growth at any stage
of CKD, though growth is increasingly impaired as eGFR
declines.®** The 2006 North American Pediatric Transplant
Cooperative Study (NAPRTCS) reported that one-third of
children had a height below the third percentile at the

Infancy

Childhood

Adolescence

GFR per unit of body surface area is
lower than conventional staging

Cystatin C is a marker of eGFR that is not affected by muscle mass.

assumptions. |

Ask about school absenteeism.

Breastmilk is the preferred nutrition. |

Introduce the concept of healthcare
transition early.

Preserve blood vessels of non-dominant arm.

Administer appropriate age-specific and CKD stage-specific vaccines.

Treat hypertension and anemia to minimize cardiovascular morbidity and mortality.

Optimize growth: adequate energy and protein intake, rthGH for growth failure, treat CKD-MBD and acidgsis |

Address social determinants of health. ? \

¢

» y,

|

Figure 2: Pearls for pediatric CKD management. Created with BioRender.com. GFR: Glomerular filtration
rate; CKD: Chronic kidney disease; MBD: Mineral bone disease, eGFR: Estimated glomerular filtration rate,

rhGH: Recombinant human growth hormone.
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time of study enrollment.®® Earlier age of CKD diagnosis is
associated with a greater risk of growth impairment.¢’

Short stature is important to address because it is perhaps
the most visible sequela of pediatric CKD and can have
negative psychosocial impacts on the child.®*®® Moreover,
short stature is associated with increased morbidity—
including decreased school attendance and increased
hospital days and mortality in children starting dialysis.®"°

Multiple factors must be addressed to optimize growth
in children with progressive CKD, including metabolic
acidosis, malnutrition, mineral and bone disorders (CKD-
MBD), anemia, and dysregulation of growth hormone
metabolism.

Malnutrition

Although the prevalence of overnutrition in children with
CKD is rising, children with CKD, especially in limited
resource settings, remain at risk for malnutrition and
protein-energy wasting, leading to poor growth.**"
Children with progressive CKD frequently experience
vomiting, poor appetite, and reduced taste sensation
which contributes to malnutrition.®® Food insecurity,
defined as the limited or uncertain availability of
nutritionally adequate and safe foods, also contributes to
undernutrition in pediatric patients with CKD.”>7® A single-
center study in the U.S. found that 64% of children on
dialysis experienced food insecurity.”

The 2020 Pediatric  Renal  Nutrition  Taskforce
recommendations state that energy intake for children
with CKD should match with healthy children of the
same chronological age, adjusted toward the higher end
of the range for those with growth impairment.”> The
2008 Kidney Disease Outcomes Quality Initiative (KDOQI)
guidelines recommend that children with CKD stages 2-5
should receive at least 100% of the daily recommended
intake (DRI) of protein.’® There is no evidence that dietary
protein restriction is protective against CKD progression
in children, and a low-protein diet may compromise
growth.”®”” However, if needed, protein intake can be
safely restricted to the lower end of the DRI range to
reduce nitrogenous waste product accumulation and lower
dietary phosphorous intake.”

Nutrition is essential in optimizing growth over the first two
years of life.®*%”7> While oral feeding is preferred, children
who cannot consume adequate calories or tolerate their
medications by mouth may need a gastrostomy tube. If
a family is planning to pursue peritoneal dialysis (PD) for
their child with kidney failure and a gastrostomy tube is
indicated for nutrition, the gastrostomy tube should be
placed either before or at the same time as PD catheter
placement to reduce the risk of peritonitis.”

Breast milk is preferred for an infant with CKD because of
its low renal solute load. Whey-dominant infant formulas
should be used when breastmilk is unavailable because
they mimic breastmilk's protein and electrolyte profile
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closer than casein-based formulas.” Breastmilk and infant
formulas can be fortified to provide adequate nutrition in
fluid restriction or when more nutrient-dense feeds are
indicated.”>"®

Adequate nutrition can be particularly challenging for
children with tubular disorders that result in electrolyte
losses. Electrolyte supplementation can cause abdominal
pain and diarrhea, and the sheer volume of supplementation
required to maintain acceptable electrolyte levels can
be difficult for a small child to meet. Helpful strategies
for these patients include consideration of gastrostomy
tube placement to facilitate medication administration,
alternative forms of electrolyte supplementation, such as
liposomal magnesium supplementation, that are better
tolerated, and thorough nutritional counseling.® All
children with CKD benefit from having a kidney nutritionist
or dietician as part of their healthcare team.”>7®

Dysregulation of growth hormone metabolism

While malnutrition is the principal driver of poor growth in
young children with CKD, dysregulation of growth hormone
(GH) and insulin growth factor-1 (IGF-1) metabolism is the
main contributor after early childhood.?¢” CKD is a state of
relative GH and IGF-1 resistance and insensitivity.?! Long-
term exposure to high-dose glucocorticoids, which are
indicated in some forms of chronic glomerular disease, has
been shown to suppress pituitary GH release further and
downregulate hepatic GH receptors as well as induce IGF
inhibitors.®

Recombinant human GH (rhGH) improves growth in
children with CKD with impaired growth and has relatively
few side effects.®®*®” A cochrane meta-analysis concluded
that children who receive rhGH at 25 IU/m? weekly for 1
year significantly increase height, with decreasing effect
in subsequent years.®? Although the height increase with
rhGH is seen regardless of pubertal status or CKD stage,
prepubertal children have more significant height gains
than postpubertal children, and children with CKD stage
3 or 4 have more significant height gains than those with
CKD stage 5.%*%2 rhGH treatment should be considered in
children with CKD stage 3-5 when metabolic acidosis and
malnutrition, including inadequate sodium balance, have
been sufficiently addressed.?*8

Although no randomized controlled trials have evaluated
the association between rhGH administration in childhood
CKD and final adult height, a case-control study concluded
that children treated with GH had sustained catch-up
growth. In contrast, the control group had progressive
growth impairment.®* Unfortunately, despite evidence of
its benefits in children with CKD, rhGH is still not accessible
for many around the world due to its high cost.®

Thyroid dysfunction
Increased prevalence of hypothyroidism has been reported

in children with CKD stage 4 and 5.% Treatment of overt
hypothyroidism improves growth in children with CKD.
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Some studies have shown that even treatment of persistent
subclinical hypothyroidism can slow GFR decline.®

Pubertal delay

Delayed puberty may lead to reduced linear height
in adolescents with CKD. CKD interferes with the
neurohypophyseal reproductive axis. As a result,
adolescents with late-stage CKD lack pulsatile secretion
of luteinizing hormone and gonadotropin-releasing
hormone.®” Pubertal delay is most pronounced in
children requiring long-term dialysis and those who have
a long-term requirement for high-dose glucocorticoids.
In adolescents with ESKD, early kidney transplantation
and limiting post-transplant glucocorticoid exposure
to 6 months or less helps facilitate normal pubertal
development.®

CKD - Mineral bone disease

Clinical, biochemical, and radiological features of mineral
bone disease are commonly seen in children with CKD.
Dysregulation of mineral metabolism in children with CKD
is a risk factor for cardiovascular disease and results in
similar complications to those seen in adults: extraskeletal
calcification, fractures, bone pain, and avascular
necrosis. Children who are experiencing CKD-MBD during
critical growth windows are also susceptible to unique
complications such as skeletal deformities and short
stature.®

Strategies for preventing and managing CKD-MBD in
children are similar to those for adults. Age-appropriate
calcium and phosphate goals should be targeted
through dietary restriction and phosphate binders.
For children, calcium-based phosphate binders are the
first line for hyperphosphatemia management in the
absence of hypercalcemia and accelerated extraskeletal
calcifications.8%°

A deficiency of 25-hydroxyvitamin D should be corrected,
and active vitamin D analogs should be considered in
patients with late-stage CKD with hyperparathyroidism.
Active Vitamin D analogs are also essential in treating
hypocalcemia related to phosphate retention from CKD
and 1,25-dihydroxy vitamin D deficiency. Parathyroid
hormone should be maintained at near normal levels in
children with CKD stage 2-5 and at 2-3 times the upper
limit of normal for those on dialysis.>*®

Tight management of parathyroid hormone, calcium, and
phosphorous levels is critical for healthy bone remodeling
and somatic growth in children with CKD.>® Serum
biomarkers of MBD must be evaluated at regular intervals
and interpreted based on age-specific reference ranges.
Metabolic acidosis should be concurrently corrected with
oral alkali administration.®®

Anemia of CKD
Anemia is a common complication of CKD in children
and is associated with increased risk for hospitalization,
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adverse cardiovascular outcomes such as left ventricular
hypertrophy (LVH), and mortality. Age-specific hemoglobin
cut-offs must be used to diagnose anemia in children.*?

Iron deficiency anemia is the most common form of
anemia in childhood and can be treated with oral or
intravenous iron, especially if the child is on hemodialysis.®
Children with anemia of CKD can be safely treated with
recombinant human erythropoietin (rHUEPQ), targeting a
hemoglobin level of 11-12 g/dl.°*°? Younger children may
require higher doses of rHUEPO than adults, likely due to
more non-hematopoietic erythropoietin binding sites in
children that reduce overall bioavailability.**?

Neurocognitive impact

Severe neurocognitive impairment in children due to CKD
is uncommon with today’s advances in CKD care, including
better nutrition, anemia treatment, and avoidance of
aluminum-containing phosphate binders. However, subtle
neurocognitive impairment can still be seen in children of
all ages with CKD.? Earlier age of diagnosis, longer duration
of disease, later CKD stage, proteinuria, and hypertension
are risk factors for neurocognitive impairment. Genomic
variants are also implicated.%*>

Children in the preschool age group with mild to moderate
CKD demonstrate deficits in attention regulation and social
and adaptive behavior. Though the intelligence quotient
seems to be preserved in older children and adolescents
with CKD, difficulties are still noted in attention regulation
and executive function. Academic underachievement is
noted in about a third of children with CKD, which can
be compounded by CKD-related school absences and
environmental factors such as socioeconomic status and
maternal education level.%%’

Cardiovascular complications and death

Mortality rates for children with progressive CKD are 30
times higher than rates for age- and sex-matched peers
but have been decreasing over time.}*°° Cardiovascular
disease (CVD) is a leading cause of death in both adults
and children with CKD.**** While adult deaths from CVD are
mostly related to coronary artery disease and congestive
heart failure, pediatric deaths from CKD are primarily
caused by arrhythmias, valve disease, cardiomyopathy, and
cardiac arrest, as summarized by Becherucci et al.*1010!
LVH, which precipitates systolic and diastolic dysfunction
and arrhythmias, is the most common cardiac abnormality
in pediatric CKD.>!® Children with ESKD have a 1000 times
higher risk of death from CVD compared to the non-CKD
pediatric population.’®® Modifiable risk factors for CVD
should be closely monitored and managed, including
obesity, dyslipidemia, impaired glucose metabolism,
anemia, vascular calcification from increased calcium-
phosphorous product, and hyperparathyroidism.®
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Infection risk and vaccine-preventable illnesses

Infection is another leading cause of death in children
with CKD.** Children with progressive CKD have impaired
immune responses and are at increased risk for infections.?
It is imperative that they be appropriately vaccinated.
Children with CKD should receive the influenza vaccine
annually and adhere to CKD stage-specific and age-specific
recommendations for pneumococcal, meningococcal, and
hepatitis B vaccines.'>10

Children on hemodialysis are at risk for hepatitis B
infection. They should have their antibody titers measured
if they have completed the primary vaccination series
to determine whether they need reimmunization.
Patients with nephrotic syndrome are at risk for invasive
Streptococcus pneumoniae infections. They should receive
the 23-valent polysaccharide pneumococcal conjugate
vaccine after they turn two years old and at least 8 weeks
after they receive the 13-valent pneumococcal conjugate
vaccine.'® Live-viral vaccines should be avoided in children
on immunosuppressive therapies, including those who
have received kidney transplants.!0%1%

Preparing for kidney failure (KF)

While working to preserve kidney function, we
simultaneously prepare our patients and their families for
what may happen if their CKD progresses to late stages.
Successful hemodialysis requires long-term vascular access.
Thus, for all children with progressive CKD, the forearm
veins of the non-dominant hand should be preserved.
Central lines in the subclavian vein and peripherally
inserted central catheters should be avoided.’®® Anemia
management with rHUEPO and iron is key to preventing
frequent blood transfusions, which can increase Human
Leukocyte Antigen (HLA) sensitization and make it difficult
to find a compatible kidney transplant.?’

For children with KF, preemptive kidney transplant is the
gold standard treatment.’® Before a kidney transplant,
children with a history of CAKUT, bladder dysfunction,
or recurrent UTls should have a urologic consultation to
determine whether the bladder is safe for transplant or
whether a ureterostomy is required.'® When a preemptive
transplant is not feasible, the selection of dialysis modality
is based on the child’s age, size, comorbidities, caregiver
support, contraindications to peritoneal or vascular access,
local dialysis expertise, and personal preference.’® Timing of
dialysis initiation is also essential since a peritoneal dialysis
catheter should be given time to heal and scar down,
whereas a hemodialysis catheter can be used immediately.'!

Dialysis initiation should be considered at an eGFR of <10
ml/min/1.73m? or if the child fails medical and nutritional
management of uremic symptoms.'® Peritoneal dialysis
is the most widely used modality in younger children.
It allows for regular school attendance, but this home-
based approach may place a more significant care
burden on families than hemodialysis.!*®* Regardless of
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dialysis modality, families benefit from early and frequent
education on catheter care and return precautions for
suspected catheter-related infections.

Challenges in KF preparation for infants

Challenges in the management of infants with KF
include ethics surrounding if and when to initiate kidney
replacement therapy given uncertain survival to transplant
and common comorbidities such as neurodevelopmental
delay, infections, and cardiorespiratory disease. If an
infant is being initiated on peritoneal dialysis, the PD
catheter should be placed far away from the diaper area
as possible, often in the right upper quadrant, so it is
also away from a gastrostomy tube. Volume management
is another unique challenge for infants on peritoneal
dialysis and hemodialysis because their diet is mainly in
the liquid form. Transplantation is often delayed until an
infant reaches a weight—around 8-10kg—that makes
transplantation surgery technically feasible.'?

Transition of care from pediatric to adult medical
providers

Strategically planned healthcare transition when adolescents
with CKD approach young adulthood is associated with
improved health outcomes. Coordinated healthcare
transition, as opposed to abrupt transfer of care, is
associated with decreased rates of kidney allograft rejection
or loss and improved patient-centered outcomes, such as
patient satisfaction, optimism, and engagement in their
medical care.'3

The primary challenge to standardized and widely
available healthcare transition programs in nephrology
clinics is their perceived time- and resource-intensive
nature. However, as outlined in the International Society
of Nephrology - International Pediatric Nephrology
Association (ISN-IPNA) 2011 consensus statement, this
challenge can be overcome with a gradual approach to
healthcare transition, starting with simply introducing
the concept when patients are 12 years old. From there,
preparing for transition can occur throughout adolescence
as the patient learns to communicate independently with
medical providers and develops skills for disease self-
management.’® Transition programs should, at minimum,
include a pediatric nephrologist, an adult nephrologist, and
nurse coordinators.

Global disparities in CKD care for children

Global disparities directly impact medical care for children
with CKD. About 80% of the data on the prevalence of CKD
and KF in children is derived from registries in high-income
countries. Data from low- and middle-income countries
(LMICs) is meager and does not accurately reflect the
burden of CKD.® In low-resource regions, late presentation
may obscure the etiology of CKD. One tertiary care
center in India reported that about 20% of children were
diagnosed with CKD when they presented to the hospital
with life-threatening complications.** The preference for
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traditional and alternative medications in low-resource
regions may also delay appropriate medical care.!®®

Children from LMICs have a faster decline in GFR than
children living in other parts of the world and experience
rapid progression to KF.1® The burden of CKD complications
such as malnutrition, growth failure, uncontrolled
hypertension, and cardiovascular disease is also higher in
LMICs.1>

Access to dialysis for KF is directly related to the gross
national income.*'” Less than 10% of children in LMICs
who require dialysis receive it.> Few children in LMICs have
access to kidney transplantation, and most discontinue
treatment and die before transplantation becomes a realistic
option.'” In comparison, children in high-income countries
with KF have had decreasing mortality rates over the last
30 years due to financially and logistically accessible kidney
replacement therapy (KRT), encompassing dialysis and
transplant. The pediatric nephrology community is tasked
with expanding this access to children across the globe.*”

The silent nature of early pediatric CKD necessitates regular
clinical surveillance to prevent and promptly address
modifiable risk factors related to disease progression. These
surveillance efforts are complicated by a lack of awareness
surrounding pediatric CKD and difficulties in accurately
measuring kidney function in children. Pediatric CKD
management should consider the unique considerations
of optimizing skeletal growth, brain development, and
cardiovascular health; ensuring CKD stage-appropriate and
age-appropriate vaccination; and preparing for eventual
healthcare transition to adult providers. Although pediatric
CKD remains relatively uncommon, its sequelae have
a lifelong impact. The contributing biological and non-
biological risk factors, including social disparities, must
be addressed thoroughly to preserve children's physical
health and quality of life.
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