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Abstract. Chronic kidney disease (CKD) is unique in children due to varying etiology, manifestation,
and impact. Whereas it is far a lesser burden compared with adult CKD, childhood CKD has a
psychosocial impact on caregivers, impair growth, quality of life, and ultimately associated with
increased mortality. We summarize the manifestation, diagnosis, and evaluation of a child with CKD,
whose early detection, and appropriate management will improve their outcome. Thus, we hope this
will be valuable to the general medical practitioners, and pediatricians in the care of children with
CKD.
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Ounainka Pamman I6parim!, Maiikn Adess Anao?
XpoHiuHa XBOpP00a HUPOK Yy JiTeli: MaHiecTamisa Ta JiarHOCTHKA

'PenepanbHuil MeagnuHuit LeHTp, Karcina, Hirepis,
2VHiBepcuTeTChbKa JIikapHs, 16agan, Hirepis

Pestome. Xponiuna xeopooa nupox (XXH) y dimelii € yHikaavHoio 3 mouku 30py emionoeii, KAiHiYHUX npossie ma
enauey. Hezeaxcarouu na snauno menuiuii maeap nopieusno 3 XXH y dopocaux, XXH 'y oumsuomy siyi mae ncuxocouianb-
HUIl 6NAUB HA ONIKYHIG, NOZIPULYE 3POCMAHHS, AKICMb ICUMMS i, 3peuimoro, no8 93ana 3i 30inbUueHHAM cMepmHocmi. Y
yiil pobomi mu nidcymo8yemo KaiHiuni nposeu ma diaenocmuuny oyinky oumunu 3 XXH, paune eusenenns ma eionogione
NIKY8aHHS AKO0I Modce noainwumu Hacaioku. Mu cnodisaemocs, wo Haua poboma 6yde yiHHOW 045 AiKapie 3a2anbHoOl

npakmuku, Heghponoeie ma nediampis y 002450i 3a dimomu 3 XXH.
KiouoBi cioBa: dumuna, xponiuna x6opoba HUPOK, KAIHIYHI NPOA6U, 0ideHOCMUKA.

Introduction. Chronic Kidney Disease (CKD), a
unification term proposed by National Kidney Foun-
dation-Kidney Disease Outcomes Quality Initiative
almost two decades (2002), and referred to an abnor-
mality in the kidney functions or structure that lasted
three months or more with implication for health [1,
2]. The Kidney Disease: Improving Global Outcomes
(KDIGO) updated the CKD definition and classifica-
tion in 2012 with the modification and stratification
into categories rather than stages, and incorporation of
albuminuria (proteinuria in children), besides the glo-
merular filtration rate (GFR). The guideline also sub-
divided the third category into 3a and 3b in furtherance
to data that suggested differences concerning risks and
outcomes [3].

Globally, CKD is a public health challenge with
an enormous burden among adults compared with
children [4, 5]. However, the impact on the relatively
fewer children compared with adults is huge. The CKD
in children is associated with increased mortality of 30-
150 times compared with their peers [6]. Besides, CKD
in children affects their growth, overall quality of life,
and could be a form of psychosocial stress on the family
[7, 8, 9]. Also, the etiology and manifestation of CKD
differ compared with adults, necessitating a unique ap-
proach in their evaluation and management [5]. Thus,
in this paper, we described CKD in children with a fo-
cus on the various forms of manifestations, diagnosis,
and evaluation. We hope this will be valuable to the
general practitioners, and pediatricians in the care of
children with CKD.

Epidemiology. The data on childhood CKD is still
sparse compared with the data in the adult population.
Notwithstanding, current data suggested an increase in
the global incidence and prevalence of childhood CKD
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[10]. Besides, recent efforts from the United States of
America (USA), European countries, and parts of Asia
have yielded significant improvement in the Epidemi-
ology of Pediatric CKD. United States Renal Data Sys-
tem (USRDS) annual data on end-stage kidney disease
in children, and adolescents (0 to 21) years showed an
incidence of 12.9 per million population (PMP) with a
prevalence of 98.7 PMP [11]. ItalKid Project showed
the incidence of 12.1 per million of the age-related
population (MARP) and a point prevalence of 74.7
per MARP [12]. The incidence in Europe ranges from
7.7 to 12.1 per MARP with a prevalence as high as 74
per MARP [10]. Data from Asian countries showed a
lesser incidence of CKD in children. In Japan, the in-
cidence of end-stage kidney disease (ESKD) was 4.0
per MARP [13]. There is no available national registry
from Africa on the burden of pediatric CKD, but data
from hospitals based mostly from tertiary health facili-
ties showed an incidence of 1 to 3 per MARP [14, 15].
The lower prevalence in Africa may be the tip of the
iceberg because of scarce data with the few from the ter-
tiary health facility and will not reflect the entire popu-
lation, especially where there is limited access to health
care [16]. The data on CKD in children also showed a
higher proportion in males than females because of the
higher incidence of urinary tract malformation in the
male population.

Etiology. The etiology of pediatric CKD dif-
fers from adults and varies with age, gender, race, and
geographical location. The causes of childhood CKD
include congenital anomalies of the kidney and uri-
nary tract (CAKUT) in the younger age group and the
predominance of glomerular diseases in the older age
group in the high-income countries [5]. In contrast,
infection-related causes and nephrotic syndrome pre-
dominate are the leading causes of childhood CKD in
Africa and most low-income countries (Table 1) [14,
15].
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The lesser frequency of CAKUT from Africa may-
be because of the absence of regular screening programs
and slower progress of CKD. Thus, the CAKUT may be
missed until later in life or when there are superimposed
complications or infections.

Diagnosis of Pediatric CKD. The diagnostic cri-
teria and categories for CKD in children aged two years
and above are the same as that of adults (Table 2).

Table 2
Glomerular filtration rate of classification of CKD
GFR category Interpretation GFR (ml/min/1.73 m?)

GI Normal or high 90

G2 Mildly decreased 60 to 89

G3a Mildly to moderately decreased 45t0 59

G3b Moderately to severely decreased 30 to 44

G4 Severely decreased 15t0 29

G5 Kidney failure <15

However, there is less emphasis on the albumin-
uria criteria for which a protein creatinine criterion
may be used in place [3]. Besides for children less than
two years, age-specific glomerular value is necessary
for interpreting decline in the GFR. The age-specific
is because the GFR is low at birth and increased to the
adults’ value about the age of two years [17]. However,
a major limitation is the absence of a GFR nomogram
with few studies from high-income countries and thus,
possessing a challenge for the diagnosis and staging of
CKD based on the GFR category in children less than
two years. Whereas measurement of GFR using reliable
biomarkers such as iohexol appears better, this is often
not visible in the clinical scenario, hence the use of val-
idated bedside equations that rely on the endogenous
biomarkers [18]. The commonly use bedside endog-
enous biomarkers include serum creatinine and cystatin
C. Either serum creatinine or cystatin C may be used
alone, although there are indications that equations
that combined both biomarkers for estimating GFR
performed better [18].

Manifestation of pediatric CKD. Although the
early stages may not show any clinical features and re-
main silent, the clinical presentations of pediatric CKD
vary based on the age and underlying causes. A child
with congenital anomalies of the kidney and urinary
tract (CAKUT) may present with poor growth, recur-
rent urinary tract infections, poor urinary streams, or
recurrent abdominal distention depending on the de-
gree of urinary involvement and obstruction [19]. Those
with severe mechanical obstruction may present with
severe bilateral hydronephrosis in utero or at birth, or
history of oligohydramnios during pregnancy [20]. An
infant with congenital nephrotic syndrome may present
with generalized body swelling, normal birth weight,
and a large placental. Infants with renal tubular disor-
ders present with poor weight gains and acidosis [21].

Older children with less severe obstruction may
be asymptomatic and may be an incidental finding or
present with urinary tract infection (UTI) [19]. Older
children with CKD may present with recurrent body
swelling, reduced urinary output, and hypertension
(though uncommon) in a clinical condition such as
nephrotic syndrome [22]. The other forms of mani-
festation include an incidental abdominal mass in the
early stage of Wilms’s tumor. Other symptoms include
non-specific gastrointestinal symptoms such as vomit-
ing [23].

When complications set in at the advanced cate-
gory of the disease (CKD), features are predominantly
those of complications from kidney failure. The com-
plications include anemia because of multifactorial
factors including iron deficiency, reduced erythropoi-
etin, and anorexia induced micronutrient deficiency
[24].

Growth impairment is another manifestation of
Pediatric CKD, which occurs even in the early stages
of the disease. The height for age falls below the 5th
percentile because of elevated hepcidin, insulin resis-
tance, and impair insulin growth factor (IGF) [25]. The
growth may fall as early as the first year of life and poor
growth remains a way of presentation of congenital
CKD in infants because of electrolyte imbalance, re-
duce intake, recurrent infections, and hospitalization.
Growth impairment remains a major effect of CKD in
older children and children may require growth hor-
mone therapy to ensure optimal growth [26].

Impair calcium and phosphate because of abnor-
mal metabolism due to reducing 1,25 dihydroxychole-
calciferol and secondary hyperthyroidism causing bone
changes are common in the late stage of pediatric CKD
[27]. A common manifestation in the advanced stage of
CKD is renal osteodystrophy. Renal osteodystrophy is
characterized by the high and low turnover of skeletal
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lesions on the background of secondary hyperthyroid-
ism with phosphate retention and hypocalcemia [27].

Progression of CKD will lead to metabolic acidosis
because of loss of filtered bicarbonate, decrease synthe-
sis of ammonia, and loss of titratable acid [28]. Chronic
acidosis will also blunt the action of growth hormone
and thus contribute to growth failure.

Elevated blood pressure is more consequence rath-
er than a common cause of CKD in children compared
with adults. Thus, quite many pediatrics CKD will
present with blood pressure above the 95th percentile
for age and sex. The control of blood pressure remains
important, and may require multiple drugs to achieve
controls [28].

Evaluation. The evaluation of CKD in children
revolves around the confirmation, determination of the
etiology or underlying predisposition, and categoriza-
tion of CKD [3]. Thus, the evaluation should include a
detailed history, examinations, and investigations.

The history of pregnancy especially oligohydram-
nios is important in children with CAKUT, including
prenatal ultrasound scans which may detect hydrone-
phrosis early [20]. Also, a history of poor urinary streams
may point toward posterior urethral value [20]. History
of poor weight gains may point towards renal tubular
disorders such as renal tubular acidosis [21]. The family
history is also important, especially hereditary kidney
disease such as polycystic kidney disease and mono-
genic kidney diseases such as Alport syndrome [29].
History of polydipsia and nocturia in a child with tubu-
lointerstitial disorders.

Examination findings may show stunting, pallor,
anasarca (nephrotic syndrome), hypertension, edema,
abdominal mass (nephroblastoma) [23].

Investigations for pediatric CKD include the esti-
mation of GFR and occasionally, an absolute measure-
ment of GFR may be indicated [18]. The GFR may
be estimated from the formula and widely used is the
Schwartz formula, which is available for both serum
creatinine and cystatin C [18]. Ioxehol and other ex-
ogenous biomarkers may be used for actual measure-
ment of GFR where indicated. The estimated GFR
should also assess the progression of CKD in children
and it helps in planning actions such as pre-emptive
transplant that is advocated in the advanced category of
CKD in children [30].

Urinalysis is also important, especially in the com-
munity screening for CKD in children. The presence
of persistent proteinuria and albuminuria indicate CKD
[30]. Whereas the collection of 24 hours urinary may be
difficult, urinary albumin/protein creatinine may con-
firm and classify CKD in children [3]. Where a 24hour
urine is not workable, early morning urine is preferred
as it minimizes the likelihood of impact of orthostatic
proteinuria [31]. The Protein-creatinine ratio is pre-
ferred in children and is also useful in following up pa-
tients with nephrotic syndrome. The urinalysis may also
show hematuria and may the only features in children
with chronic glomerulonephritis [23].

A urine microscope may show casts and crystals
and maybe a clue towards the underlying cause of
CKD [32]. And urine culture remains an important
tool in the CAKUT that may present with recurrent
UTI.

The other investigations include an imaging study
that provides information on kidney status and func-
tionality. Ultrasound remains a simple and inexpensive
tool that can evaluate the kidney in CKD [33]. It gives
information on the sizes of the kidney, the anatomy of
the kidney, including the pelvic-caliceal system. This
should be carried out by an experienced sonologist to
ensure appropriate, and normal interpretation.

Other imaging studies that are valuable in children
with CKD will depend on the probable underlying cause
and include the micturating cystourethrogram in a pos-
terior urethral valve or lower urinary tract disorders
and reflux disorders [34, 35]. The dimercaptosuccinic
acid san can be to assess the kidney functions in acute
pyelonephritis and renal scars [36]. The computed to-
mography scan with contrast to outline the urinary tract
system and Magnetic resonance imaging are valuable in
the evaluation of renal cystic lesions and tumors, where
they will give details information on the structural in-
volvements [37].

Renal biopsy remains a critical component in the
evaluation of kidney diseases where it gives informa-
tion on the histologic type of kidney diseases and is
important in the planning of treatment and prognosis
[38].

The genetic studies are also important, as many
etiologies of renal disease have some genetic involve-
ment [29]. An example is a mutation in the nephrin
coding gene for congenital nephrotic syndrome.

Electrolytes including the serum calcium, phos-
phate, and Parathyroid hormone (PTH) levels should
be tested [39]. The serum calcium, phosphate, and
PTH should are critical for metabolic management of
the patient because of the risk for renal osteodystro-
phy. The serum bicarbonate should also be monitored
and patients may require bicarbonate for severe aci-
dosis, especially those on kidney replacement therapy
[40].

Conclusions. Chronic kidney disease in children
differs from adults with a varying etiology and a high
impact on them. The manifestation of childhood CKD
also varies based on the age and underlying cause. Eval-
uations should be tailored and based on the history, ex-
amination findings, and most likely cause.
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