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Incidence and Prevalence

• Kidney stones is a common 
disease in adults affecting 
~9% in US, increased from 5%

• Increasing incidence in 
children as well, overall lower 
than adults

• Highest incidence in 
adolescents Sas et al. Increasing incidence of kidney stones in children evaluated 

in the emergency department. J Pediatr. 2010

VanDervoort et al. Urolithiasis in pediatric 

patients: a single center study of incidence, 

clinical presentation and outcome. J Urol. 2007



“Stone Belt”

Fisang et al. Urolithiasis--an interdisciplinary diagnostic, therapeutic and secondary preventive 
challenge. Dtsch Arztebl Int. 2015 



Risk Factors 

Metabolic Abnormality

Urinary Tract Infection

Structural Abnormality



Metabolic Abnormality

Halbritter et al. Update on Hereditary 

Kidney Stone Disease and Introduction 

of a New Clinical Patient Registry in 

Germany. Front Pediatr. 2018

Typically in the setting 
of low urine flow rate



Urinary Tract Infections

• 20-25% of children with 
stones have UTI

• 80% of stones with UTI occur 
in males 

• UTI with stones decreasing

Coward et al. Epidemiology of paediatric renal stone disease in the UK. Arch Dis Child. 2003



Structural Abnormality

Approx 10-25% of children with stones have a renal or urological 
abnormality. Accompanied by stasis.

• Medullary sponge kidney

• ADPKD

• UPJ obstruction

• Neurogenic bladder

• Horseshoe kidney



Vulnerable Population

• Preterm Infants

• Lymphoproliferative and myeloproliferative disorders

• Intestinal malabsorption: Cystic Fibrosis, IBD, bowel resection

• Medications: topamirate, zonasimide, ketogenic diet, steroids, 
furosemide, calcineurin inhibitors



Genetic 
Diseases

Primary Hyperoxaluria
Cystinuria
Dent Disease
FHHNC
APRT Deficiency
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Kidney Stone- Electron Microscope

Racek et al. Scanning electron microscopy in analysis of urinary stones. Scand J Clin Lab Invest. 2019



Acute Clinical Presentation

• Acute, severe flank pain that radiates to the groin. 

• May also have hematuria and/or dysuria.

• In younger children (<5 years), may be non-specific.

• Infants may present with UTI. 



Symptoms
also depend
on location
of the stone



Frequency of Presenting Symptoms

Symptom Presenting Symptom

Pain 50-75% (less common in 
younger children)

Gross hematuria 30-55%

Dysuria, Urgency 10%

Nausea, Vomiting 10%



Diagnosis

Stones are diagnosed with imaging or if patient passes a visible stone

Urinalysis usually provides indirect evidence of stones:

• Hematuria (RBC on microscopy)

• Pyuria

• Crystals



Urine Crystals



Abdominal X-ray

• Typically insufficient

• Sensitivity 45-58%

• Radiolucent stones (e.g. uric acid 
stones) and small stones (<5 mm) 
are often missed

• Useful for follow up and ESWL



Ultrasound

• Ultrasound is the INITIAL
imaging study of choice

• Sensitivity >70%

• Specificity 70-95%

• OPERATOR DEPENDANT



CT Scan

• “Gold standard”

• Sensitivity and specificity >90%

• Concern for radiation

• Indicated if US is nondiagnostic 
with high clinical suspicion
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Medical Management

Pain management and hydration are the cornerstone of managing 
acute renal colic.

Typically managed in coordination with urology.

Medical expulsion therapy: use of alpha blockers (e.g. tamsulosin) to 
facilitate passage of ureteral stone. 

• Uncomplicated ureteral stone

• ≤10 mm in diameter



Surgical Intervention

Ureteroscopy 
85-88%

Shock wave lithotripsy 
80-83%

Percutaneous nephrolithotomy 
70-97%
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Recurrent Stones

• Kidney stone recur frequently

• Probability of symptomatic stone 
recurrence ~50% at 3 years

• Goal is to identify and treat 
modifiable risk factors 

• Typically managed by nephrology

Tasian et al. Kidney Stone Recurrence among Children and Adolescents. J Urol. 2017



Evaluation

Serum Urine (24-hr or spot) Stone Analysis

Kidney Function
Lytes: 
• Potassium, HCO3
• Calcium, Phosphate
• Magnesium 
• Uric Acid

Urine Volume, pH
Lytes:
• Calcium, Phosphate
• Oxalate
• Citrate, Cystine
• Uric acid

Identify 
composition of 
stone



Strategies for Prevention

1. Increase fluid intake

2. Dietary Changes

3. Medications



Increase Fluid Intake

• Low urine volume is most crucial risk factor for any
kidney stone

• Dehydration higher with certain occupations and 
environmental conditions

• Goal fluid intake at least maintenance (2-2.5 L/day or 
2000 ml/m2)

Linder et al. The effect of work location on 
urolithiasis in health care professionals. Urolithiasis 



Fluid Recommendations

Suitable Beverages

• Fluid that increases urine volume: coffee, tea 

• Fluid that increases urine pH and citrate: Orange juice, lemonade, 
grapefruit

Unsuitable Beverages

• Sugar-sweetened soft drinks



Dietary Changes

• Dietary changes depend on the metabolic abnormality identified

• Low sodium diet is beneficial in calcium based stones

• In general, calcium or protein restriction is not recommended



Dietary Changes

Siener R. Nutrition and Kidney Stone Disease. Nutrients. 2021

Avoid Vitamin C supplements!

2



Medication

• Indicated if fluid and dietary changes are ineffective at 
controlling stones

• Type of medication is used based on the underlying 
metabolic abnormality

• Specific medications are indicated for some conditions 
with genetic etiology



Summary 

• Incidence of kidney stones is increasing in children

• Risk factors include UTI, metabolic and structural abnormalities

• Symptoms depend on the patients age and location of the stone

• US is the initial imaging of choice

• Fluid intake and dietary changes decrease risk of recurrence 



Questions?



Chronic kidney 
disease;
definition, 
complications & 
treatment
Sermin Saadeh, M.D.
Consultant, Pediatric Nephrology
The first IPNA teaching course in pediatric 
nephrology / the Hashemite University 
Amman/Jordan
5/12/2024



Burden of CKD

A life-long condition associated with substantial 
morbidity, decreased quality of life  and 

premature death

The expected remaining lifetime for a child with end-stage 
renal disease (ESRD) treated with dialysis estimated to be 

approximately 18 years

A growing global public health issue with varying 
estimates of its prevalence. However, growing 

incidence worldwide.



Definition of CKD

volume 3 | issue 1 | JANUARY 2013 
http://www.kidney-international.org

KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of 
Chronic Kidney Disease

According to KDIGO, CKD in children > 2 years of age defined as either:



Diagnostic exceptions for children

The following exceptions or allowances: 

(a) The criteria for duration >3 months does not apply to newborns or infants 
<3 months of age. 

(b) The criteria of a GFR <60 ml/min/1.73 m2 does not apply to children <2 
years of age as neonates are born with a GFR of around 60, which 
increases to normal values in the first 2 years of life, 

(c) A urinary total protein or albumin excretion rate above the normal value 
for age may be substituted for albuminuria ≥30 mg/24 h. 

(d) All electrolyte abnormalities are to be defined considering age normative 
values. 



How do we measure GFR in 
pediatrics?

BEDSIDE SCHWARTZ EQUATION (CREATININE)
GFR=0.413*Ht (cm) /Scr (mg/dL)

Adv Chronic Kidney Dis. 2017 Nov; 24(6): 348–356.
Measurement and Estimation of Glomerular Filtration Rate in 

Children. Ayesa N. Mian and George J. Schwartz

• Creatinine-Cystatin C-based 

CKiD equation (2012)

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=29229165
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mian AN[Author]&cauthor=true&cauthor_uid=29229165
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schwartz GJ[Author]&cauthor=true&cauthor_uid=29229165


Stages of CKD



Causes of CKD

• CAKUT (50-60%)

– Vesicoureteral reflux, obstruction, or 
infections (25%)

– Hypoplasia or dysplasia (11%)

• Glomerulopathies (5-15%)

• Monogenic causes of CKD estimated at 
~20%



Progression of CKD

• CKD progression is influenced by the severity of the initial 
renal damage, extent of nephron loss, and the age of 
nephron loss, which limits renal reserve. 

• An increased risk with superimposed acute kidney injury 
from infections, dehydration, drugs, or toxins. 

• The extent of injury can result from;
– a single episode, as seen with acute glomerulonephritis
– continuous injury from vesicoureteral reflux, chronic infections, 

obstructive uropathies
– recurrent injuries from diabetes, lupus, or chronic 

glomerulopathies. 

• Periods of rapid growth, such as with infancy and puberty 
may result in deterioration of function. 



Pattern and timing of CKD progression
in hypo/dysplasia

Gonzalez Celedon C, Bitsori M, Tullus K. Progression

of chronic renal failure in children with dysplastic

kidneys. Pediatr Nephrol. 2007;22:1014–20.

• Correlates of deteriorating
renal function were proteinuria, 
hypertension, past febrile urinary 
tract infections and lower GFR at 
onset.

• The progression
phase started just after 
infancy in 48% and
around puberty in 23% of 
patients. In 30% kidney
function remained stable 
even beyond puberty.



Glomerular vs non-glomerular 
progression

• Children with glomerular disease are estimated to have a 43% shorter time to a composite 
event of KRT or a 50% GFR reduction or GFR <15 ml/min/1.73 m2 than children with non-
glomerular disease. (Ckid and ESCAPE trial)

• Children with mild-to-moderate CKD without proteinuria the median time to attainment of 
the composite endpoint was longer than 10 years

• Children within the highest risk group, defined by CKD stage IV and gross proteinuria;
– 50% of children with non-glomerular CKD reached the composite endpoint within 1.3 years and with glomerular CKD 

within 0.8 years.



Pathophysiology of progression

• According to the Brenner hypothesis any 
critical loss of functioning renal mass, 
irrespective of the nature of the initial injury, 
leads to glomerular hyperfiltration with an 
increased single-nephron glomerular 
filtration rate 

• The remaining nephrons lose their ability to 
autoregulate glomerular pressure, resulting 
in transmission of systemic hypertension to 
the glomerulus. 

• Increased intraglomerular pressure induces 
proteinuria, which is the pathophysiological 
link between glomerular, interstitial and 
tubular damage. The degree of proteinuria in 
glomerular diseases correlates with the rate 
of renal failure progression.



Pathophysiological consequences of 
hypertension and proteinuria

• Pediatric Kidney disease, second edition. Chapter XII



Modifiable vs non-modifiable risk 
factors for CKD progression

Non- modifiable
• Glomerular diseases have faster progression 

of disease compared to non-glomerular

• The presence of two variants of APOL1 
genotype in children of Black race

• Genetics; the progression phenotype can be 
linked to the underlying genetic defect; i.e
children with the nephronophthisis complex, 
those with mutations in the NPHP1 gene 
have ESRD at a mean age of 13 years, 
compared to 8 months in NPHP2 and 19 
years in NPHP3 mutation carriers

• Age; the younger the age at which a 
significant loss of renal mass occurs may 
influence the degree of glomerular 
hypertrophy.

• Preterm birth and low birth weight due to 
low nephron mass

Modifiable
• Proteinuria

• Hypertension

• Anemia

• Acidosis

• diabetes



Renoprotective strategies

Blood pressure control;

• The ESCAPE Trial (Effect of Strict Blood Pressure Control and ACE Inhibition on 
Progression of Chronic Renal Failure in Pediatric Patients) provided evidence that 
intensified blood pressure control targeting for a 24-h mean arterial pressure below the 
50th percentile, yields superior long-term nephroprotection compared to a higher 
target range (50th–95th percentile)

• Within 5 years of observation, the risk of losing 50 % eGFR or progressing to end-stage 
renal disease was reduced by 35 % (from 42.7 to 29.9 %) in the strict blood pressure 
control arm

• This has led KDIGO guidelines to recommend intensive lowering of ambulatory BP 
to <50th percentile

• ESCAPE Trial Group, Wühl E, Trivelli A, Picca S, Litwin M, Peco-Antic A, Zurowska A, Testa S, Jankauskiene A, 
Emre S, Caldas-Afonso A, Anarat A, Niaudet P, Mir S, Bakkaloglu A, Enke B, Montini G, Wingen AM, Sallay P, 
Jeck N, Berg U, Caliskan S, Wygoda S, Hohbach-Hohenfellner K, Dusek J, Urasinski T, Arbeiter K, Neuhaus T, 
Gellermann J, Drozdz D, Fischbach M, Möller K, Wigger M, Peruzzi L, Mehls O, Schaefer F. Strict blood–
pressure control and progression of renal failure in children. N Engl J Med. 2009;361(17):1639–50. 



Renoprotective strategies

Proteinuria

• Its reduction is associated with a slowing of GFR loss

• In children there is evidence from the ESCAPE trial that residual proteinuria during 
ACE inhibition is quantitatively associated with renal failure progression. 

• Even in children with normal kidney function persistent nephrotic-range 
proteinuria is a risk factor for progressive renal injury; therefore, early detection 
and therapeutic intervention is mandatory.

• ACE inhibitors (ACEi) and more recently, angiotensin II type I receptor blockers 
(ARB), are pharmacotherapeutics of first choice in both adults and children with 
chronic kidney disease. 



Other antihypertensives

• In CKD patients, RAAS antagonists are combined with a diuretic or with a calcium 
channel blocker, whereas their combination with a β-blocker usually does not 
exert an additive effect on blood pressure control. 

• Calcium channel blockers can achieve BP control but failed to reduce progression 
of chronic renal failure. Dihydropyridine CCBs (amlodipine, isradipine) may even 
induce or aggravate proteinuria

• β-blockers have been shown to be also effective in lowering BP in CKD patients. 
Metoprolol and atenolol demonstrated beneficial effects on the decline of renal 
function in CKD patients. Newer β-blockers such as carvedilol have even improved 
antiproteinuric effects, probably due to sympathicoplegic effects.



sodium glucose cotransporter 2 (SGLT2) 
inhibitors

SGLT2 inhibitors (gliflozins)

• Apart from the glucose lowering effects, SGLT2 inhibitors also decrease BP, body 
weight, and albuminuria. 

• Large clinical outcome trials with the SGLT2 inhibitors dapagliflozin, canagliflozin, 
or empagliflozin in T2DM have demonstrated potent long-term renoprotective
effects of SGLT2 inhibition, including reductions of 30–50% in albuminuria or 
proteinuria and clear beneficial effects on hard renal outcomes such as doubling of 
serum creatinine, eGFR decline, attainment of KRT, or death due to renal disease. 

• These nephroprotective effects are based on a decrease of sodium delivery to the 
distal tubule and reduced glomerular blood flow leading to reversal of glomerular 
hypertension and hyperfiltration



Other renoprotective strategies

• Studies have suggested beneficial effect to;

– Dietary phosphate restriction

– Non-hypercalcemic doses of vitamin D therapy

– Treatment of acidosis

– ESA therapy has beneficial tissue-protective effect



Complications of CKD; Anemia

 Elevated hepcidin levels
 Decreased Epo production
 Uremic inhibitors of 

erythropoiesis
 shortened RBC lifespan, and 

increased blood loss
 malnutrition
 Iron deficiency
 Inadequate dialysis
 Hyperparathyroidism and 

myelofibrosis
 Nutritional deficiencies; B12, 

folate, carnitine, vitamin C, 
copper



Complications of CKD
Anemia

Effects on the child

• Fatigue

• Impaired cognition

• Sleep disturbances

• Decreased exercise tolerance

• Depression

• Poor appetite

• Cardiovascular complications, such as left 
ventricular hypertrophy and heart failure



Complications of CKD
Anemia Treatment 

• The Kidney Disease Outcomes Quality Initiatives 
recommend targeting hemoglobin levels between 11 
and 13 g/dL (110-130 g/L) to reduce the need for 
transfusions; to lessen; and to enhance overall 
quality of life. 

• Anemia is best managed with recombinant human 
erythropoiesis-stimulating agents and iron 
supplementation. 



Anemia Treatment 

Epoetin:

• Short-acting achieve maximum efficacy when dosed 1–3 times weekly and 
demonstrate a longer half-life when given subcutaneously (19–24 h) than 
intravenously (6– 8 h)

Darbepoetin alfa 

• Has equivalent efficacy as to maintain hemoglobin when dosed weekly or 
every other week in children with CKD 

• Darbepoetin alfa may be administered intravenously or subcutaneously

Iron supplementation

• For all pediatric CKD patients with anemia not on iron or ESA therapy, KDIGO 
recommends oral iron (or IV iron in children on hemodialysis) administration 
when < TSAT is 20% and ferritin is 100 ng/ml 

• For all pediatric CKD patients on ESA therapy who are not receiving iron 
supplementation, KDIGO recommends oral iron (or IV iron in children on 
hemodialysis) administration to maintain TSAT >20% and ferritin >100 ng/ml



Complications of CKD
Nutrition and Growth

Pathophysiologic features;

• Anorexia, increased energy expenditure 
despite adequate caloric intake, and muscle 
wasting 

• Contributing factors; systemic inflammation, 
or endocrine disturbances



Malnutrition in infants

• Contributors; altered taste, oral food aversions, 
gastroesophageal reflux, delayed gastric emptying, elevated 
cytokine levels, and alterations in appetite-regulating 
hormones, such as leptin and ghrelin. 

• Aggressive nutritional management with the guidance of 
qualified dieticians is critical. 

• Placement of gastrostomy tubes, particularly in infants and 
small toddlers, is often necessary to provide adequate 
nutrition



Sodium supplementation

• Infants and children with renal dysplasia or obstructive uropathy often have an 
inability to resorb sodium from their urine with sodium excretion paralleling their 
urine output.

• These polyuric patients may easily be sodium deficient without replacement being 
given. This may also be seen in patients with salt-losing tubulopathies like 
Bartter’s and Fanconi syndromes.

• Acidosis from bicarbonate losses would not necessarily be seen this early in CKD 
(GFR nearly 50% of normal).

• Hypophosphatemia may be present from tubular losses and could also affect linear 
growth although likely not to the same extent as sodium loss. Folate deficiency is 
also not typically a problem, especially in a patient receiving supplemented 
formula.



Complications of CKD
Fluid and electrolyte abnormalities

– CKD secondary to congenital anomalies of the kidneys and 
urinary tract are at risk for hypokalemia, hyponatremia, 
and urinary concentrating defects. 

– Patients with early CKD can present with a non-gap 
metabolic acidosis, but as the disease progresses this 
metabolic derangement becomes an increased anion gap 
acidosis. 

– Hyperkalemia may become worse with progression of 
renal disease or in patients receiving ACE inhibitors or 
angiotensin-receptor blockers for hypertension



Complications of CKD
Failure to thrive

• One of the most apparent effects of CKD in children; the mean 
height of children with CKD is 1.5 SDs below the mean. 

• Contributing factors; age at the onset of CKD, duration of CKD, 
metabolic acidosis, treatment modalities for primary renal disease 
(corticosteroids), associated genetic disorders, protein-calorie 
malnutrition, residual urine volume, and hormonal disturbances of 
the gonadotropic axis (LH and FSH) and somatropic axis (GH, IGF1, 
and thyroid hormone). 

• Short stature is the most common concern associated with low 
health-related quality of life among survivors of pediatric-onset 
CKD. 

• Optimization of growth can be achieved with appropriate caloric 
intake and the use of growth hormone replacement.



Growth pathophysiology 
in CKD

Front. Pediatr., 30 July 2020 
| https://doi.org/10.3389/fped.2020.00399
Strategies for Optimizing Growth in Children 
With Chronic Kidney Disease
Dieter Haffner*

https://doi.org/10.3389/fped.2020.00399
https://www.frontiersin.org/people/u/882522


Growth in CKD
• Typical 

growth 
pattern in 
childhood vs 
CKD  



Growth during infancy

• One third of growth occurs during the first two 
years of life

• Can lead to irreversible loss of growth potential

• It depends mainly on nutritional intake

• Factors to considers;

– Congenital renal disease resulting in salt-
losing nephropathies

– Feeding intolerance or recurrent vomiting

– Catabolic episodes; acute illness, infections



Mid-Childhood growth

• Percentile parallel growth

• Stable if GFR > 25 
ml/min/1.73m2

• Dependant on somatotropic
hormone axis

• Administration of growth 
hormone will improve final 
height



Pubertal growth in CKD
• Signs of puberty as well 

as growth spurt are 
delayed by about 2 years

• Height velocity and 
duration of the spurt is 
reduced as well

• Results in 50% reduction 
in total pubertal height 
increase

• Menarche occurs only in 
50% of patient treated 
with dialysis by 15 years 
of age



Treatment of growth failure in CKD

• Adequate caloric intake for infants and young children

– Calories; 80-100% of RDA

– Protein intake 100% of RDA

• Treatment of metabolic acidosis

• Water and electrolyte supplementation in salt-losing nephropathies

• Provide adequate dialysis

• Seek early renal transplantation in ESRD

• Hormonal therapies;
– Calcitriol; Control of secondary hyperparathyroidism and bone turnover

– Growth hormone; Efficacy and safety in pediatric CKD has been well established



Complications of CKD
CKD- mineral and bone disorder (MBD)

Systemic disorder of mineral and bone metabolism that is manifested by either 

one or a combination of the following:

• Abnormalities of calcium, phosphorus, PTH, or vitamin D metabolism

• Abnormalities in bone turnover, mineralization, linear growth, or strength

• Vascular or other soft tissue calcification

• Metabolic derangements begin as early as in CKD stage II





Assessment of CKD-MBD

• Clinical evaluation;

– height, growth velocity, blood pressure and a musculoskeletal 

examination, focusing on bone pain, deformities, and fractures. 

• Assessment should be more frequent during periods of rapid growth, 

such as infancy and adolescence.

• Ca intake from diet, nutritional supplements, and P-binders should 

also be assessed

• Traditional biochemical markers of mineral metabolism, including 

Ca, P, PTH, 25-D, and alkaline phosphatase (ALP), should be 

measured at routine intervals



Bone Mineral Metabolism (CKD-MB)- Treatment



Complications of CKD
Neurologic and Neurocognitive effects

• When compared with healthy controls, children and adolescents with CKD 
are at higher risk for grade retention, absenteeism, and impairments on 
measures of intelligence and reading. 

• Chronic kidney disease (CKD) is a known risk factor for poor 
neurocognitive function. 

• Compared with their unaffected siblings, children with CKD have poorer 
performance on tests of intelligence and academic achievement. 

• Duration of end-stage renal disease has been shown to be associated with 
worse neurocognitive outcomes in children

• It is known that after transplantation, school-age children have better 
neurocognitive function and school performance compared with children 
receiving chronic dialysis.



Psychological issues

• Depression and ADHD are common comorbidities in patients with CKD.

• Families with a child with CKD experience emotional, physical, and 
financial stress

• Parental distractions related to the patient’s chronic condition can lead to 
feelings of neglect by siblings and affects the family’s financial well-being.

• Financial burdens result from interrupted work schedules, insurance 
copayments for medical visits or medications, and poor reimbursement 
for travel costs, meals, or parking. 

• In general, parents of a chronically ill child have higher marital distress and 
decreased marital harmony when compared with parents of healthy 
children. 



Burden of care

• Time and attention by patients and their family. 

• The number of medications (mean of 6) patients take 
once to several times per day, with dialysis and 
transplant patients requiring the largest number 

• The complexity of care also includes procedures 

• fluid and dietary restrictions

• Injections (ESA, GH) 

• Home peritoneal (daily) or hemodialysis (at least 
thrice weekly)



Mortality in CKD

• The risk of death in Children with CKD is 30 times 
higher than peers

• Most common cause of death is cardiovascular-
sudden cardiac death (35%) followed by infections

• Risk of mortality is increased with younger age at KRT 
initiation, female sex, black race and later time of 
referral to peds neph.



Quality of life

• Compared with healthy children and 
adolescents, patients with CKD have 
significantly lower health-related quality of life 
in the physical, school, emotional, and social 
domains. 



Thank you for your attention

• CKD is a 
big and 
complex 
topic
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NOCTURNAL 

ENURESIS

 Terminology

 Epidemiology and natural history  

 Pathogenesis 

 Causes 

 Evaluation

 Management 





• Refers to discrete episodes of urinary incontinence during sleep in 
children ≥5 years of age.

• Enuresis is divided into monosymptomatic and non-monosymptomatic forms, 
although the pathogenesis and evaluation of the two forms overlap.

• Monosymptomatic nocturnal enuresis usually is divided into primary and 
secondary forms.

• Non-monosymptomatic enuresis is defined as enuresis in children with other 
lower urinary tract symptoms.



MONOSYMPTOMATIC NOCTURNAL 
ENURESIS

• Primary : in which the child has never achieved a satisfactory nighttime dyness

, accounts for about 80% of the cases

• Secondary :in which the child develops enuresis after at least six months of 

nighttime dryness .



NON-MONOSYMPTOMATIC ENURESIS

• Consistently increased or decreased frequency of voiding 

• Urgency

• Hesitancy

• Daytime incontinence 

• Straining 

• Weak stream

• Intermittancy

• Holding maneuvers 

• Genital or urinary tact pain 





 Monosymptomatic nocturnal enuresis is common 

in children. The prevalence varies according to 

age

5 years 15 percent

6 years 13 percent

7 years - 10 percent

8 years - 7 percent

10 years - 5 percent

12 to 14 years - 2 to 3 percent

≥15 years 1 to 2 percent

 Monosymptomatic nocturnal enuresis is twice as 

common among male compared with female 

individuals. It resolves spontaneously at a rate of 

approximately 15 percent per year

 The longer the enuresis persists, the lower the 

probability that it will spontaneously resolve.





• Maturational delay - In almost all cases, monosymptomatic nocturnal enuresis resolves 

spontaneously .

• Genetic factors: There is a genetic tendency toward nocturnal enuresis. The concordance 

among monozygotic twins is almost twice that among dizygotic twins (68 versus 36 

percent.When one parent has a history of prolonged nighttime wetting, approximately 50 

percent of the offspring are affected; when both parents have a history, approximately 

75percent of offspring are affected.

• Nocturnal polyuria and Antidiuretic horomone : Increased nighttime urine output appears to 

play an important role in nocturnal enuresis.

• Small bladdar capacity :At birth, bladder volume is  approximately 60 mL (2 ounces); bladder volume 
increases with age at a relatively steady rate of approximately 30 mL (1ounce) per year until 10 years of age, 
Children with NE have been noted to have smaller bladdar capacity .

• Detrusor overactivity:They may have a defect in the circadian rhythm of detrusor inhibtion and pelvic floor 
activity . 





CAUSES
• Bladder dysfunction (usually associated with daytime symptoms)

• Urinary tract infection

• Chronic kidney disease associated with poor growth or weight loss, hypertension, abnormal 

urinalysis.

• Posterior urethral valves (associated with incomplete bladder emptying).

• Obstructive sleep apnea .

• Fecal incontinence and constipation 

• Sickle cell disease (may be associated with positive family history, abnormal urinalysis decreased 

specific gravity, hematuria, proteinuria])

• Seizures (associated with paroxysmal,stereotyped behaviors)

• Diabetes mellitus (associated with polyuria,polydipsia, weight loss, and glucosuria)

• Arginine vasopressin disorders, previous called diabetes insipidus

• Spinal dysraphism (may be associated with abnormal overlying skin )

• Pinworms (associated with perianal excoriation )





EVALUATION /

• Daytime wetting or lower urinary tract symptoms including urgency,holding maneuvers, interrupted micturition,weak 
stream, and straining. Urologic and neurologic disorders are more common among children with daytime symptoms.

• Whether the child ever had a prolonged period of dryness (ie, six months).

• Frequency and trend of nocturnal enuresis (eg,number of wet nights per week or month, number of episodes per 
night, time of episodes).

• Fluid intake diary. Consuming the majority of fluids during the late afternoon and evening may be associated with 
nocturnal polyuria

• Stooling history and history of soiling 

• Medical history eg, review of systems for symptoms of sleep apnea, diabetes, sickle cell disease, urinary tract 
infection [UTI], gait or neurologic abnormalities).

• Family history of nocturnal enuresis.

• Social history (particularly important in secondary enuresis).

• Assessment of how the problem has affected the child and the family 







EVALUATION /

• The physical examination of the child with primary monosymptomatic nocturnal 
enuresis usually is normal.

• Poor growth and/or hypertension may indicate renal disease.

• Tonsillar hypertrophy or "adenoid facies may indicate obstructive sleep apnea.

• Detection of wetness in the undergarments is a sign of daytime incontinence.

• Palpation of stool in the abdomen suggests constipation

• Detection of incomplete bladder emptying by percussion and/or palpation or 
observation of voiding that demonstrates slow urinary stream.

• Perineal excoriation or vulvovaginitis may indicate pinworm infection.

• Abnormalities of the lumbosacral spine may indicate occult spinal cord abnormalities .





• In primary monosymptomatic enuresis, the mainstay of management is education, and 

reassurance that no treatment is necessary.

• Void first thing in the morning and immediately before bed. •                              

• Frequent voiding (aim for every 2 to 3 h, or 5 to 7 times/ day). 

• Wearing a vibrating watch or timer may help decrease daytime LUTS • 

• Optimal posture for girls is to sit upright in the middle of the toilet with feet touching the 

ground or on a footstool .

• Fluid intake • Drink liquids in the mornings and afternoons, and drink less after dinner. 

Some studies recommend 80% of total daily fluid intake before 4:00 pm. • 

• Avoid caffeinated drinks .

• Address constipation. Active dietary management, including medication and nutritionist 

referral, may be needed, with one soft bowel movement per day being the goal.



 Children and families with persistent distress 

despite education and reassurance, shared 

decision-making with patients and families 

should inform the use of active therapies.

 Alarms are used since the 1930s, the enuresis 

alarm wakes a sleeping child with a moisture 

sensor at the initial stage of voiding.

 Alarm studies have demonstrated varying 

success rates (success being defined as 14 

consecutive dry nights), typically with an initial 

response of 60% to 80%, although up to one-half 

of children may relapse when alarm use is 

discontinued 

 Nightly enuresis is more resistant to alarm 

therapy, while infrequent enuresis (less than 

once per week) does not allow sufficient 

opportunity for appropriate training. At least two 

episodes per week should be baseline for alarm 

use to be effective.





• Desmopressin is a synthetic vasopressin analog that has been used for enuresis since the 

1970s. 

• Desmopressin works by decreasing both urine volume and intravesical pressure at night.

• Desmopressin is effective for treating enuresis with a range of underlying mechanisms 

and may be especially useful for nocturnal polyuria with normal (rather than low) daytime 

bladder capacity (based on history, voiding diary use, and urine measurement).

• Daily use results in a full response in 30% of children, with another 40% experiencing a 

partial response . The relapse rate when medication is discontinued is up to 70%

• The usual melt dose is 120 mcg administered 30 to 60 min before sleep. The anti-enuretic 

effect has been observed soon after medication initiation but, if dryness is not achieved, 

the dose can be doubled to 240 mcg. The maximum dose for desmopressin is 360 mcg. 

• Guidelines for continuous use of desmopressin suggest treatment for 3 months at a time, 

then reassessment with a medication break to determine resolution of enuresis symptoms.



• Education and reassurance are the mainstays of management for monosymptomatic or 

‘simple’ enuresis (MSE).

• Conduct a history and physical exam to determine that enuresis is the correct 

diagnosis, to distinguish monosymptomatic from non-monosymptomatic enuresis, and 

to rule out common comorbidities, especially constipation, developmental and 

psychiatric conditions, and upper airway obstruction.

• lower urinary tract symptoms (LUTS) may not be evident unless clinicians specifically 

ask about them. When LUTS are present, they should be addressed first or concurrently 

with treatment for enuresis. Referral to urology is appropriate when symptoms are 

severe, numerous, or atypical.

• Work with patients and families to determine whether treatment is necessary or 

desired. Consider the impact of enuresis on the child’s self-esteem, and family factors 

such as motivation, support, and available resources. 

• Patients experiencing distress related to their enuresis may respond well to active 

treatment, such as an enuresis alarm and/or the intermittent use of desmopressin.



THANK YOU



Approach to hematuria in the 
outpatient setting

Sermin Saadeh, M.D

Pediatric Nephrology Consultant

King Faisal Specialist Hospital and Research Center



Hematuria comes in different forms 

First stop, outpatient…

• 6 year old female referred for asymptomatic microscopic hematuria discovered during a checkup

• 5 year old male with macrosomia and autism.  Gross hematuria noted by the mother to have red urine for two days

• 9 year old male with hx of abdominal pain, purpura on the legs and arms a month ago that resolved, continues to have microscopic 
hematuria

Inpatient …

• 8 yr old male with cola-colored urine for four days, developed renal failure on the fourth day. No history of fever, sore throat, skin rashes 
or joint complaints!

• 12 yr old female with a crt of 260. She has had fever and fatigue for two weeks and her urine is showing blood, protein and WBCs.

• Now the ICU; 13 year old female admitted to the hospital with a pneumonia, is in respiratory failure now. Her urine is red- brown and her 
creatinine is rising.



What is hematuria?

• It signifies the presence of blood in urine. 

• Could be visible (macroscopic or gross hematuria) 

• Or only under the microscope (microscopic 
hematuria)

• Definition: the presence of more than 3- 5 RBCs 
per high power field collected in an un-centrifuged 
freshly voided midstream urine collection and 
confirmed in 2 out of 3 appropriately collected 
urine samples.



Urine discoloration by 
blood

• Urine turns red in color in presence of as 
little as 1 ml of blood in a liter of urine.

• The intensity of redness can vary based on 
the amount of blood and location of 
bleeding

• bright red or pink usually originates 
from the lower tract

• brown or dark color results from 
oxidation of the heme pigment and is 
usually of a glomerular origin.  



Urine discoloration

• Conditions that cause red or dark 
discoloration, other than gross hematuria, can 
be ruled out by the absence of increased RBCs 
on urine microscopy.  



Prevalence of hematuria

• Our knowledge of the prevalence of hematuria in children is based on large screening 
studies done in the 1970’s and it is estimated to be about 1-4%. 

• There are no recent large population-based study because a routine screening by urinalysis 
is not encouraged in most countries. 

• The American Academy of  Pediatrics no longer recommends a  routine screening of 
healthy children with urinalysis during routine health surveillance visits. 

• Because of a high rate of false positive results or transient abnormalities that lead to a low 
yield in detecting kidney problems in healthy asymptomatic children.



Screening urinalysis

• It is advisable to limit screening urinalysis to 
selected few patients who have a high risk 
for CKD;

Previous Acute Kidney Injury (AKI)

Congenital anomalies of the 

kidneys and urinary tract (CAKUT)

Previous acute glomerulonephritis

Hypertension

Active systemic disease

Prematurity and/ or Intrauterine 

growth retardation

Family history of kidney disease



Diagnosis- Urine 
dipstick

• Urine dipstick is very sensitive for the presence of 
blood and detects as little as 150 microgram/L of 
hemoglobin. 

• False positive can result from the presence of free 
hemoglobin following intravascular hemolysis, 
myoglobin following rhabdomyolysis, urine 
contamination with oxidizing agents, or 
concentrated urine. 

• False negative tests can result from very dilute 
urine, very acidic specimen (pH <5), and the 
presence of reducing substances (ascorbic acid). 



Diagnosis- Urine 
microscopy
• The presence of hematuria by dipstick should be 

confirmed by microscopy of a fresh urine 
sample.

• RBCs from a lower urinary tract bleeding are 
generally intact in shape (isomorphic). 

• RBCs that have undergone the sheer stress of 
passing through the glomerular basement 
membrane are mostly denatured (dysmorphic; 
blebs and segments). A glomerular pathology 
should be suspected if  more than 30% of RBCs 
are dysmorphic. 



Diagnosis- Urine microscopy

• Presence of RBC with granular casts is 
suggestive of glomerular disease 

• Presence of RBCs with white blood cells is 
suggestive of infection or interstitial or 
glomerular inflammation

• Presence of eosinophils makes interstitial 
nephritis more likely.

• Neutrophils can be seen with infections and 
acute nephritis such as poststreptococcal 
glomerulonephritis. 



Diagnosis- Urine 
microscopy

• The presence of crystals in urine can be indicative of 
nephrolithiasis as the underlying etiology for 
hematuria, shape of crystals may also give some 
insight into the possible chemical composition of 
kidney stone.  

Triple phosphate

Cystine crystals

Oxalate crystals



Urine dipstick vs. microscopy

• Dipstick is a good starting point…

• Dipstick alone is not enough!

• Use dipstick and microscopy together to make a 
diagnosis of hematuria



Talking about hematuria

Glomerular vs. Non-
glomerular

Microscopic vs. 
Macroscopic (gross)



Causes of hematuria by anatomical location

Glomerular/ Tubulointerstitial
- Glomerulonephritis
- Familial hematuria
- Hemolytic- uremic 

syndrome
- Polycystic kidney disease
- Pyelonephritis
- Hypercalciuria
- Papillary necrosis (Sickle –

cell)

- TRAUMA

Kidneys:

- Cystitis
- TUMORS

- CALCULI

- RENAL MASSES

- TRAUMA

- RENAL VEIN 

THROMBOSIS

- NUTCRACKER

- RENAL CALCULI

- MALIGNANCY

Ureters:

Bladder and Urethra:



• In children, the causes are 
more often glomerular rather 
than from the urinary tract. 

• Isolated persistent 
microscopic hematuria in 
pediatrics is most often 
caused by familial hematuria, 
IgA nephropathy or idiopathic 
hypercalciuria.

Glomerular Non- Glomerular

Familial Hematuria syndromes

- Autosomal dominant thin basement 

membrane (TBMN)

- X-linked Alport (Male)

- X-linked Alport (female)

- Autosomal recessive Alport

Glomerulonephritis (GN)

Primary GN

- Post-infectious GN

- Membranoproliferative GN

- Membranous nephropathy

- Rapidly progressive GN

- IgA Nephropathy

Secondary GN

- Systemic lupus erythematosus

- Henoch Schonlein purpura

- Polyarteritis nodosa

- ANCA positive systemic vasculitis

Urinary Tract Infection

Hypercalciuria

Kidney Calculi

Trauma

Exercise- induced

Chemical cystitis (cyclophosphamide)

Coagulopathy

Vascular malformation

Nutcracker syndrome

Urinary Schistosomiasis

Malignancy

Menarche

Factitious 

Hemolytic Uremic Syndrome

Renal Vein Thrombosis

Interstitial Nephritis

Cystic kidney disease



Glomerular Hematuria

• Tea or cola-colored

• Casts

• Proteinuria

• Dysmorphic appearing red blood cells

• No blood clots

• Systemic signs: hypertension, edema, 
oliguria, impaired renal function

• Recurring/persisting pattern



Non-Glomerular Hematuria

• Clots

• Red-colored

• No casts

• Little protein

• Non-dysmorphic appearing red blood cells

• GU symptoms: flank pain, dysuria, fever, urinary 
frequency

• Recurring/resolving pattern



Lower tract vs. Upper tract

• Terminal hematuria

• Hesitancy, incomplete bladder 
emptying, frequency

• Irregular or interrupted stream

• Normal voiding

• Hematuria throughout 
micturition

• Painful?



Clinical Approach

The goal is to…

• Rule out serious conditions

• Avoid unnecessary investigations

• And provide guidelines for future follow-up and further studies



History

Ask about:

• Timeline of symptoms; at the onset or end of urination vs. 
throughout the stream

• Associated symptoms: fever, back pain, dysuria, urinary 
frequency and urgency

• Systemic symptoms; skin rashes, joint symptoms, face and 
leg swelling

• Preceding events; trauma, exercise, recent respiratory or 
skin infections

• Intake of medications (including OTC) and herbal

• Predisposing conditions: sickle cell disease or trait, 
coagulopathy

• Family history:  chronic kidney disease, hematuria, 
hypertension, stones, deafness and coagulopathy.



Some clues…

• Persistent microhematuria with episodes of gross hematuria precipitated by URI is 
suggestive of a glomerular disease such as IgA nephropathy.  

• Hematuria in the neonatal period is suspicious for renal vein thrombosis and factors 
increasing the risk of this condition include maternal diabetes, dehydration, polycythemia, 
and umbilical catheters. 

• Gross hematuria in a child with nephrotic syndrome is worrisome for renal vein thrombosis. 

• Menarche and the possibility of menstrual bleeding at the time of testing should be 
checked. 



Physical 
Examination

• Vital signs (temperature, heart rate, and 
blood pressure)

• Systemic examination;

• Edema

• Skin rashes

• Joint inflammation

• CVA tenderness

• Palpable kidneys



Hematuria confirmed by dipstick 

and microscopy

Signs and symptoms suggestive of 

glomerulonephritis; HTN, edema, 

proteinuria

Initiate work up of glomerulonephritis; 

CBC, renal function and electrolytes

ASOT, complements C3 and C4

ANA and serology according to clinical 

presentation

Kidney/bladder ultrasound

+/- Kidney biopsy

Irritative symptoms; dysuria, 

frequency, urgency
Urine culture

Urine calcium/creatinine ratio

Renal /bladder ultrasound 

+/- Non-contrast CT

+/- Urine study for stone 

workup

Treat infection if present 

Consider referral to pediatric 

nephrologist for hypercalciuria or 

unresolved hematuria after treatment 

of infection.

Referral to urologist for kidney stones, 

tumors, unclear gross hematuria.

Yes

Yes

Yes

No

No

No

Clinical approach to the child with confirmed hematuria in ambulatory Setting

Transient microhematuria

No need for surveillance 

urinalysis 

Periodic monitoring to see if it 

resolves

Consider testing parents and 

siblings for hematuria

Consider genetic testing

Recommend annual urinalysis 

and protein/creatine ratio

Appropriate intervention if 

change in clinical status



Asymptomatic microscopic hematuria

• Urinalysis with urine microscopy should be repeated three times to confirm the presence of persistent microscopic hematuria. 

• The presence of febrile illness, vigorous activity and menses can cause transient microscopic hematuria. 

• The presence of proteinuria, hypertension and significant history or physical examination findings; a glomerular etiology is likely and 

would require further work up 

• Patients with family history of hematuria of impaired kidney function should be worked up further. 

• Patients with family history of isolated hematuria and normal kidney function can be given the tentative diagnosis of thin basement 

membranes disease.

• Generally, don’t require extensive investigations or biopsy for diagnosis. 

• A reasonable approach would be annual screening with urinalysis and blood pressure measurement. 



Role of kidney biopsy

Considered in cases suspicious for glomerulopathy 
that requires therapy or could lead to CKD.
 This may include the following 

o Significant proteinuria, except in 
poststreptococcal glomerulonephritis

o Persistent low serum complement C3
o Unexplained change in kidney function 
o Systemic diseases such as systemic lupus 

erythematosus or ANCA-positive vasculitis 
o Family history of significant kidney disease 

suggestive of progressive forms of familial 
hematuria

•



Role of genetic testing

• Can be used to establish the diagnosis without the need for kidney 
biopsy, in some cases.

• Genetic testing for pathogenic COL4A3–5 variants is advised for 
patients with persistent hematuria, especially with a family history of 
hematuria or kidney function impairment. 

• It is also suggested that first-degree family members are tested 
because of their risk of impaired kidney function. 

• Family members with COL4A3 or COL4A4 heterozygotes are advised 
against donating. 

• Recent recommendations have also extended the scope of testing to 
include persistent proteinuria and steroid-resistant nephrotic 
syndrome due to suspected inherited FSGS and for familial IgA 
glomerulonephritis and kidney failure of unknown cause.



Conclusion

• The presence of hematuria with/ without 
proteinuria in the ambulatory setting requires 
individualized workup.

• History, initial clinical findings and laboratory work 
up guide the way.

• The differential diagnosis is wide and a step wise 
approach on multiple occasions is suggested to 
identify the cause. 

• The availability of genetic testing to identify 
diseases associated with hematuria with or without 
proteinuria has decreased the need for kidney 
biopsy in many cases.



Thank you



Genetics In Pediatric Nephrology
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 Pediatric renal diseases vary widely and are linked to
high morbidity and mortality; hence, early diagnosis is
vital.

 Presently, genetic testing is being incorporated into
the standard of care for children and their families.

 The importance of both clinical and social support
emerged as a strong theme.

 Literature findings suggest that compassionate
family–clinician partnerships were important to
parents throughout the genetic testing process and
contributed to easing emotional distress.



 Pediatric kidney diseases include a wide range of
disease entities with varying clinical manifestations,
courses of development, and treatment choices.

 Children with end-stage renal disease constitute a
greater portion of the monogenic condition population,
accounting for almost 30% of children with chronic
kidney disease (CKD).



 The spectrum of renal diseases varies significantly, and even within
the same nation, there are regional variations in the pattern of
childhood renal disease.

 Genetic predisposition, environmental background, and, to a
significant extent, level of consciousness all have an impact on this
diversity.

 In addition to approximately 50% of children and 10% of adults who
enroll in end-stage renal failure programs, it is predicted that 20% of
children with renal disease may have an underlying genetic
malformation.



 Gene identification for a range of renal disorders is
made possible by massively parallel sequencing, which
has become an essential part of renal research.

 More recently, the creation of approved diagnostic
testing platforms has made it possible to integrate
sequencing technology into routine clinical practice.

 The families of children with renal disease can benefit
from information provided by genetic testing, such as
the opportunity for an earlier diagnosis, the
identification of relatives who are at risk, and possibly a
decrease in morbidity and mortality.



 Over the past two decades, revolutionary
advancements in genetic knowledge and technology
have radically changed the understanding of pediatric
renal disorders.

 The main causes of CKD in children are CAKUT and
genetic conditions that affect specific nephron
components.

 More than 160 genes, including those involved in
nephrogenesis, primary cilia development and
function, podocyte and tubular cell activities,
complement regulation, and more, have been linked to
hereditary nephropathies to date.



 A genetic diagnosis can be made in 15%-20% of cases of

severe kidney malformations, up to 30% of cases of steroid-

resistant nephrotic syndrome, 60%-70% of cases of

complement-mediated atypical hemolytic uremic

syndrome, and 50-80% of cases of hereditary tubulopathy

following a systematic screening of all known genes within

each disease group by next generation sequencing.



Nephrolithiasis and nephrocalcinosis have a complex

etiology that includes heredity, systemic illnesses such as

inflammatory bowel disease, parathyroid dysfunction,

metabolic variables, anatomical abnormalities of the

kidneys, and recurrent urinary tract infections, although

the primary causes of nephrolithiasis and nephrocalcinosis

are hereditary factors.

 There have been reports of more than 30 genes being

connected to the monogenic types of nephrolithiasis and

nephrocalcinosis.



 In monogenic disease, the ability to identify the underlying
mutations in a monogenic disease gene is of significant
diagnostic and maybe therapeutic relevance.

The relevance of genetic diagnosis in children cannot be
overstated for various reasons.

The first is that it might be significant in terms of how the
disease is treated clinically; a typical example of this is with
nephrotic syndromes, where the identification of structural
variants in genes related to podocytes provides evidence
against immunosuppressive treatments that would
otherwise be regularly administered over a period of several
months.



 Secondly, it might be very important for the family of the
child and for identifying other family members who have the
mutation that might be passed on to future generations.
Cascade testing of family members and genetic counseling
for variant carriers are routine procedures in clinical genetics
if a harmful variant is discovered in a proband.

Thirdly, in the scenario of transplantation, where the donor
may be a relative, understanding the harmful variation is
crucial. It is crucial to identify all family members who might
require a transplant as well as rule out the possibility that the
organ donor carries the same variants.



 Furthermore, some disorders, such as focal segmental
glomerulosclerosis, have a significant chance of
relapsing after organ transplantation, or a more
specialized selection of the transplant to be carried out
may enhance their prognosis, like in the case of primary
hyperoxaluria, where a combined kidney-liver
transplant may produce a better prognosis.

It’s reported that more than 450 monogenic diseases
have been identified as the cause of chronic kidney
disease to date; these disorders account for 5-30% of
cases in adult cohorts and over 30% of cases in pediatric
cohorts.



 Whole-exome sequencing was utilized to find novel
genes. About 33,000 exons from all 22,000 genes, or
about 1-2% of the protein-coding regions, were able to
be studied with the assistance of whole exome
sequencing.

 This technique of analysis continues to be the basis for
the identification of novel genes involved in a variety of
renal illnesses.



 Since 1995, when a mutation in PAX2 was originally
identified as the cause of optic nerve coloboma, renal
hypoplasia, and vesicoureteral reflux, genetic causes of
CAKUT have been identified. More than 40 genetic
abnormalities have been found in earlier research, and
more than 50 genes have been linked to CAKUT.

 Currently, monogenic causes, the majority of which
have a dominant pattern of inheritance, can account for
up to 18% of CAKUT patients.



 Further research utilising chromosomal microarrays
revealed that 4.5-16.6% of CAKUT patients have genetic
abnormalities, particularly those with renal
hypodysplasia.

 Furthermore, understanding the genetic, epigenetic, and
environmental roots of kidney and urinary tract
abnormalities is crucial from a therapeutic standpoint
because CAKUT is the leading cause of kidney failure in
children.



 This area of the genomic landscape of CAKUT has been
extensively delineated by the advent of next-generation
sequencing. Currently, more than 50 genes linked to the
etiology of CAKUT have been discovered. Although the
development of next-generation sequencing and bioinformatic
methods has enhanced knowledge of the molecular landscape
of CAKUT, the majority of the patients' etiologies are still
unknown.









Nephropathy Pooled Diagnostic Yield
Commonly linked mutated 

genes

Nephrolithiasis 47.45%

CLCN5, OCRL
Nephrocalcinosis 62.3%

Cystic kidney Disease 70.2%

HNF1B,COL4A4,PKHD1,WT1
CAKUT 26.53%



Nephropathy
Pooled Diagnostic Yield

Commonly linked mutated 
genes

Glomerular diseases 26.65%

COL4A4, COL4A5, NPHS1, 
SMARCAL1

Tubulopathies 53.65%

Hematuria, Proteinuria 44.45%

COL4A3, COL4A4, COL4A5, 

CLCN5, NPHS1, PKD1, PKHD1, 

SMARCAL1, OCRLRare diseases 41.8%( X-linked 
inherited)
29.1%(autosomal)



Conclusions 

 Genetic testing validates clinical diagnosis and aids in
tailoring management strategies; hence, a more precise
treatment plan is developed and unnecessary
investigations are avoided, which is crucial in the case
of children.



 These findings have further highlighted the role of genetic 
testing for the diagnosis of kidney diseases among children, 
especially during routine nephrology clinic visits. However, 
during routine nephrology clinic visits, genetic counseling is of 
utmost importance, so all ethical and social concerns are catered 
for in addition to patient satisfaction.



Social Implications

 Undergoing genetic testing can be an additional
stressor for parents caring for a child with chronic
illness, and both diagnostic and prognostic ambiguity
can cause significant psychological distress and
contribute to long-lasting emotion.

 Studies show that most parents report experiencing
anxiety while awaiting the test results and after
receiving the results.



Social Implications

 Considering that some parents reported social
isolation, health care providers could encourage the
development of local genetic support and advocacy
groups to increase opportunity to connect with other
families in similar circumstances.



Social Implications 

 As renal-specific genetic testing becomes routine,
understanding patient/family experiences and
perspectives affords greater insight into the practical
utility of the testing process.

 Expanding support mechanisms for families living
with rare renal diseases by providing greater access to
genetic counseling, peer support, and multimodal
information resources may be important to reduce
feelings of isolation and improve psychosocial outcome.





Evaluation and overview of 
hydronephrosis/CAKUT

The first IPNA teaching course in collaporation with 
the Hashemite university                                         

Knowledge for safe practice                                  

5/12/2024 

Amman ,Jordan 



Dr. Jumana Albaramki, MRCPCH

Pediatric nephrology  consultant/professor of pediatrics

University of Jordan/Jordan University Hospital



Antenatal hydronephrosis/Urinary tract 
dilatation

Incidence: 1-5% of pregnancies,more in males,bilateral
20-40%

Postnatal ultrasound will be normal in 21-28% of patients

More than half of the cases of AHN resolve spontaneously

by the end of gestation or during the first year of life

Associated with other  non renal anomlies,sydnrome. 

In children with AHN, a second postnatal US  at 4-6 wk
should be performed even if the first one is normal



Measure hydronephrosis 
by measurement of AP 

diameter of renal pelvis in 
transverse plane



Antenatal hydronephrosis

Mild : < 10 mm APRPD ,grade 1-2 SFU

80% of cases ,benign , 70–98% of this group resolve, or 
improve during follow up. 

Risk of VUR and UTI is 3%

Repeat ultrasound at 4-6 months

SFU recommends at least follow-up for 1 year

Moderate :10-15 mm APRPD ,grade 3 SFU

Severe > 15 mm APRPD ,grade 4 SFU

MCUG if bilateral and ureteral dilation

MAG3/DTPA with Lasix: non dilated ureter



Urinary tract dilatation 
classification



Timing of ultrasound
U/S in first 24 h:bilateral with distended bladder,solitary
kidney,oligohydraminos

To ensure volume repletion and increase uop :U/S 
performed between 2-7 days



Postnatal evaluation

 Pulmonary:

 Abdomen masses,palpable bladder

 Deficient abdomen muscles

 Single Umbilical artery

 Outer ear anomalies

 Genital  exam: undesecended testes

 Spinal and lower extremity abnormality







Antenatal hydronephrosis
One-third of prenatally detected ANH will resolve before 
birth, another third will persist into the neonatal period but 
resolve spontaneously within the first 2 to 3 years of life, and 
the remaining third will end up with a CAKUT

Etiology:

Transient hydronephrosis : most common in 41-88%

CAKUT with PUJ most common



Causes of Hydronephrosis



The risk of a postnatal CAKUT diagnosis increases with the degree of prenatal and 
postnatal dilatation, except for vesicoureteral reflux (VUR) 

1678 infants diagnosed with fetal hydronephrosis, postnatal evaluation 
identified CAKUT in one-third .

PUJ was the most common followed by VUR

Pediatrics 2006;118;586-

593



Antibiotic prophylaxis for urinary tract infections in antenatal 
hydronephrosis.

Braga .Pediatrics 2013

In a systematic review and meta-analysis that included 
21  studies

In low-grade hydronephrosis (SFU grades 1 and 2), rates 
of UTI were similar between patients treated with or 
without antibiotic prophylaxis (2.2 versus 2.8 percent).

patients with high-grade hydronephrosis (SFU grades 3 
and 4;) who received antibiotic prophylaxis had a lower 
rate of UTI compared with those who were not treated 
with antibiotics (15 versus 29 percent).



Dilated ureters (ectopic or 
refluxing)
•An enlarged bladder 
(suggestive of PUV)
•Bilateral UPJ obstruction
•Giant hydronephrosis
(massively enlarged kidney 
with RPD >30 mm)

PREDICT Trial

'Antibiotic Prophylaxis and REnal

Damage In Congenital 

Abnormalities of the Kidney and 

Urinary Tract'

Pediatric Nephrology (2020) 35:1639–

1646





Kidney embryology

Pronephros : nonfunctioning

3 wk

Mesonephros :intermediate 
mesoderm,5 wk, fuses with 
cloaca

Metanephros : metanephric
mesencyhme and ureteric bud 
epithelium ,6-9 wk

Migrate from pelvis to lumbar 
region and rotate 90,so hilum 
medially



CAKUT  :20-30% of all 
anomalies

CAKUT associated with 
non kidney anomalies in 
30%

30-50% of CKD



Genetic and CAKUT
Genetic conditions causing CAKUT are individually

rare,  and contribute to disease etiology in 16-20%

Genes  (transcription factors )play a role during 
embryonal kidney development



Genetic and CAKUT

Renal cysts diabetes 
syndrome (MODY5)

Renal coloboma syndrome

Brachio oto renal 
syndrome









Renal Hypodysplasia
Malformed kidney tissue elements associated with 
reflux,small cysts and lead to CKD

Appears as increased echogenicity or ‘bright’ kidneys, 
withpoorly defined corticomedullary differentiation 

with or cystic parenchymal changes

Outcome depends if compensatory hypertrophy

Hypoplasia : nephron mass  less,kidney lenghth 2 SD  
below mean



Small echogenic



Multicystic dysplastic kidney

Non communicating cysts seperated by dysplastic tissue

Asymptomatic or as abdomenal mass

Associated with extrarenal malformation

Course:  majority involutes within 5 -10 years

Low risk of HTN,malignancy comparable to general population

VUR in 21 % of contralateral kidney

Serial ultrasound at 6 m,2,5,10 year

Evaluate BP,creatinine,UA for  proteinuira



Differentiate between UPJ,MCDK





Solitary Kidney

Isolated unilateral kidney agenesis occurs in 1 in 1000 to 2000 
births

43 studies with 2684 patients, associated CAKUT anomalies 
were observed in one-third of patients with solitary kidneys, 
other anomalies in 31%

Evidence of kidney injury :

Microalbuminuria (21 %)    

Hypertension (16 %)

Reduced kidney function (10 %)













Case
A one day old baby, oligohydraminos ,who remained 
anuric after birth and has rise in creatinine.

Renal ultrasound was normal 

The baby died at two week of age

WES showed renal tubular dysgenesis



ANOMALIES OF EMBRYONIC KIDNEY MIGRATION

Ectopic and fusion anomaly

Hoarse shoe kidney

1.present as asymptomatic,UTI,stones

2,associated with VUR and PUJ

3.Turner and triosmy 13,18,21 

4.Genital anomalies

Monitor by ultrasound,BP,creat,UA





ANOMALIES OF THE COLLECTING 

SYSTEM

 Renal pelvis (eg, ureteropelvic junction obstruction)

 Ureter (eg, megaureter, ectopic ureter, ureterocele, or 
vesicoureteral reflux [VUR]

 Urethra (eg, posterior urethral valve)



Ureteropelvic junction obstruction

Caused by intrinsic narrowing/crossing vessel

Present ; antenatal screen,UTI,flank pain during diuresis

Diagnosis: diuretic renogram/MRU



clinically significant obstruction on diuretic renogram :

•Prolonged washout – A half-life >20 minutes,.

•Impaired kidney function – Affected kidney with <40% 
of total kidney function or >10 % decline in function of 
the affected kidney from baseline on).

25-52 percent of patients underwent surgical correction

Conservative :Follow up by ultrasound,renogram 3-6 
months



Right PUJ  mag3



Case 2
A one month baby was admitted with two episodes of 
urine retention complicated by UTI

Ultrasound shows unilateral moderate dilatation duplex 
kidney

Associated  



ureterocele



ureterocele
Cystic dilatation of submucosal or intravesical portion of 
ureter

Associated with upper pole of duplex kidney

Cause obstruction of ureter or bladder neck

Treated by transurethral puncture



Posterior Urethrel valve

Persistance of urogenital membrane,abnormal
canalization of urethrea

Diagnosis  : antenatal (keyhole sign),urinoma,distended
bladder ,poor stream,UTI ,wetting,straining to void

Outcome : CKD, VUR, bladder dysfunction

Management :valve ablation, folley, vesicotomy, 
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Minimal Change Nephrotic Syndrome

 Most common cause of the nephrotic syndrome 

in children

 ~10-15% of nephrotic syndrome in adults, 
 More common in Hispanics, Asians, Arabs and Caucasians

 clinical and pathological entity defined by 

selective proteinuria and hypoalbuminemia that 

occurs in the absence of
 cellular glomerular infiltrates or 

immunoglobulin deposits



Primary nephrotic syndrome in Arab children in 

Kuwait. The annual incidence was 7.2 and 6.0

per 100,000 children below 10 and 12 years of

age, respectively.                                                           
Zaki etal, 1989, Volume 3, Number 2, Pages 218-220.

Primary nephrotic syndrome in Arab children. The 

annual incidence was 11.6/100 000                                      
Elzouki Arch Dis Child.1984 Mar;59(3):253-5.

incidence of Nephrotic Syndrome range from 2-7 per 

100,000 children, and the prevalence from 12-16 per 

100,000

Eddy AA, Symons JM. Nephrotic syndrome in childhood.

Lancet 2003; 362 : 629-39.



 Nephrotic-range proteinuria UPCR ≥ 200 

mg/mmol (2 mg/mg) in first morning void or 24 h 

urine sample ≥ 1000 mg/m2/day corresponding 

to 3+ or 4+ by urine dipstick

 Nephrotic syndrome Nephrotic-range proteinuria 

and either hypoalbuminemia (serum albumin < 

30 g/l) or edema when serum albumin level is not 

available

 SSNS Complete remission within 4 weeks of 

prednisone or prednisolone (PDN) at standard 

dos(60 mg/m2/day or 2 mg/kg/day, maximum 60 

mg/day).

IPNA 2023 clinical practice recommendations for the diagnosis and management of 

children with steroid-sensitive nephrotic syndrome



IPNA 2023 clinical practice recommendations for the diagnosis and 

management of children with steroid-sensitive nephrotic syndrome

 SRNS Lack of complete remission within 4 

weeks of treatment with PDN at standard dose

 Confirmation period Time period between 4 and 

6 weeks from PDN initiation during which 

response to further oral PDN and/or pulses of iv 

MPDN and RAASi are ascertained in patients 

achieving only partial remission at 4 weeks. 



 A patient achieving complete remission at 6 

weeks is defined as a late responder.                                                               

A patient not achieving complete remission at 6 

weeks although he had achieved partial 

remission at 4 weeks is defined as SRNS.

 Complete remission UPCR (based on first 

morning void or 24 h urine sample) ≤ 20 

mg/mmol (0.2 mg/mg) or negative or trace 

dipstick on three or more consecutive occasions.



Minimal Change Nephrotic              

Syndrome



NORMAL  GLOMERULUS MINIMAL CHANGE



The glomerular capillary wall

Van den Berg, Weening, Clinical Science (2004) 107, 125–136

Normal

MCD





Nephrol. Shimada etal
2011;26:645–649

two-hit" theory that included the induction of CD80 (or B7-1) and regulatory T-cell (Treg) 

dysfunction, with or without impaired autoregulatory function of the podocytes



Minimal Change Disease

 1-6 years of age (80% before 6yr of age) 

 Absence of hypertension 

 Absence of hematuria

 Normal complement levels 

 Normal renal function 



Kidney biopsy results from 223 children with proteinuria referred for diagnostic kidney 
biopsy (Glomerular Disease Collaborative Network, J. Charles Jennette, MD, Hyunsook Chin, 

MS, and D.S. Gipson, 2007). n = number of patients.

Gipson D S et al. Pediatrics 2009;124:747-757

©



CLINICAL MANIFESTATIONS





The underfill hypothesis

 high-grade proteinuria results in hypoalbuminemia, 

leading to a reduction in plasma oncotic pressure 

with consequent leakage of plasma water into the 

interstitium, generating edema. The resultant 

diminished intravascular volume which activates 

compensatory neurohormonal mechanisms such as 

the renin-angiotensin-aldosterone system (RAAS) 

and increased vasopressin with salt and water 

retention, thus exacerbating edema.

 Biomedicines  2024 Mar 3;12(3):569





Management

 Objectives :

Induce remission

Prevent relapses

Avoid side effects



Initial Therapy vs Biopsy

 Older than 1 year and less than10 years of age .

 None of the following clinical findings are present: 

hypertension, gross hematuria, and a marked 

elevation in serum creatinine 

 Normal complement levels 



 High-dose steroid

– 90% response in children

– Recur 60% if steroid is stopped

50% relapse frequently or become steroid 

dependent .                                               

50–70% of children being relapse-free at 5    

years.                                                                           

85% relapse free at 10 years.





KDIGO guidelines

2021



Recommendation 1                                                                     
The standard dosing regimen for the initial treatment of nephrotic
syndrome is daily oral prednisone/ prednisolone 60 mg/m2 /d or 2 
mg/kg/d (maximum 60 mg/d) for 4 weeks followed by alternate 
day prednisone/prednisolone, 40 mg/m2 , or 1.5 mg/kg (maximum 
of 50 mg) for other 4 weeks, or prednisone/prednisolone 60 
mg/m2 /d (maximum 60 mg/d) for 6 weeks followed by alternate 
day prednisone/prednisolone, 40 mg/m2 , or 1.5 mg/kg 

(maximum of 50 mg), for other 6 weeks.glucocorticoids followed 

by 6 weeks of alternate-day glucocorticoids) (1B).



.
Recommendation2:                                                                                               

For children with frequently relapsing and steroid-

dependent nephrotic syndrome who are currently 

taking alternate-day glucocorticoids or are off 

glucocorticoids, we recommend that daily 

glucocorticoids 0.5 mg/kg/d be given during 

episodes of upper respiratory tract and other 

infections for 5–7 days 



Practice Point:                                                                                                           

1: The initial approach to relapse should include oral 

prednisone/prednisolone as a single daily dose of 60 mg/m2 /d or 

2 mg/kg/d (maximum 60 mg/d) until the child remits completely for 

3 days.                                                                           

2: After achieving complete remission, reduce oral 

prednisone/prednisolone to 40 mg/m2 or 1.5 mg/kg (maximum 50 

mg) on alternate days for 4 weeks.          

3: For children with frequently relapsing nephrotic syndrome or 

steroid-dependent nephrotic syndrome without glucocorticoid 

toxicity, the same glucocorticoid regimen may be employed in 

subsequent relapses.(1C).



4.For children with frequently relapsing 

nephrotic syndrome without serious 

glucocorticoid-related adverse effects, low-

dose alternate-day  (optimally 0.5 mg/kg/d) 

can be prescribed to prevent relapse



Recommendation 3:                                                                    

For children with frequently relapsing nephrotic

syndrome who develop serious glucocorticoid-related 

adverse effects and for all children with steroid-

dependent nephrotic syndrome, we recommend that 

glucocorticoid-sparing agents be prescribed, rather 

than no treatment or continuation with glucocorticoid 

treatment alone (1B).



Practice Point 1:                                                              

Patients should ideally be in remission with glucocorticoids 

prior to the initiation of glucocorticoid sparing agents such as 

oral cyclophosphamide, levamisole, mycophenolate mofetil

(MMF), rituximab, or calcineurin inhibitors (CNIs). 

Coadministration of glucocorticoids is recommended for 2 

weeks following initiation of glucocorticoid-sparing 

treatment.                                              



Practice Point 2:                                                                          

Choosing the most appropriate glucocorticoid-sparing agent from 

among oral cyclophosphamide, levamisole, MMF, rituximab, and CNI 

is a decision that requires careful consideration of specific patient 

related issues such as resources, adherence, adverse effects, and 

patient preferences. Oral cyclophosphamide and levamisole may be 

preferable glucocorticoid-sparing therapies in frequently relapsing 

nephrotic syndrome. MMF, rituximab, CNIs, and to a lesser extent, oral 

cyclophosphamide may be preferable to glucocorticoid-sparing 

therapies in children with steroid-dependent nephrotic syndrome 



IPNA 2023

 We recommend the introduction of one of the 

following steroid-sparing agents (alphabetical order): 

calcineurin inhibitors (CNIs), cyclophosphamide 

(CYC), levamisole (LEV), and mycophenolate mofetil 

(MMF)/mycophenolic sodium (MPS) (grade A, strong 

recommendation)



IPNA

 When using CNIs, we recommend therapeutic drug 

monitoring to ensure optimal dosing (see below) 

(grade B, moderate recommendation).

 When using cyclosporin A (CsA), we recommend a 

starting dose of 3–5 mg/kg/day (maximum dose 250 

mg) divided into 2 doses (every 12 h) to achieve 

trough blood levels of 60–100 ng/mL or 2 h post-

dose levels of 300–550 ng/mL (grade B, moderate 

recommendation).

 When using tacrolimus (TAC), we recommend a 

starting dose of 0.1–0.2 mg/kg/day (maximum dose 

10 mg) in 2 doses (every 12 h) to achieve trough 

blood levels of 3–7 ng/mL (grade C, moderate 

recommendation)



Primary immunosuppressive treatment 

of idiopathic NS   IPNA

 We recommend administering oral PDN as a single 

morning dose for the treatment of the initial episode 

and subsequent relapses (grade B, moderate 

recommendation).

 We do not recommend a tapering schedule during 

alternate day dosing (grade A, strong 

recommendation).

 We suggest that PDN dose should be calculated by 

either weight or body surface area based on the 

estimated dry weight (grade B, weak 

recommendation).



Cyclophosphamide

Dose is 2-2.5 mg/kg/day for 12 weeks.                                                                             

Prednisolone is co-administered at a dose of 1.5 

mg/kg on alternate days for 4 weeks, followed by 1 

mg/kg for the next 8 weeks.                                                                                     

Steroid therapy is tapered and stopped over the next 

2-3 months.                                                                            

Therapy with cyclophosphamide should be instituted 

preferably following remission of proteinuria.

Latta K, von Schnakenburg C, Ehrich JHH. A meta-analysis of cytotoxic treatment for 

frequently relapsing nephrotic syndrome in children. Pediatr Nephrol 2001; 16: 

271-28



The percentage of patients in 

complete remission after CPO 

treatment was 57% (CI 47–68) 

at 1 year, 42% (CI 32–53) at 2 

years, and 31% (CI 21–41) at 

5 years. More than 80% of 

relapses occurred within 2 

years of CPO initiation and no 

patients relapsed after 4.5 

years in remission. Pediatric 

Neph.2011,Vol.20



Levamisole

Stimulate T-lymphocyte function, in NS 
was first described by Tanphaichitr et 
al.  in an uncontrolled study. 

in three trials levamisole significantly 
reduced the risk for relapse in 
comparison with prednisone alone.

The Cochrane Database…2001



 Trials showed that levamisole reduces the risk of a 

relapse during treatment (relative risk 0.60, 95% 

confidence interval 0.45–0.79). no conclusions can 

be drawn on the steroid-sparing effect, the long-term 

efficacy, and safety, as well as possible differences in 

efficacy in different subgroups of SSNS patients. 

 JCJ. C. Davin  M. P. Merkus

 Ped.Neph.2005, volume20,no 1,Pages 10-14



We recommend levamisole at a dose of 2–2.5 
mg/kg given on alternate days (with maximum 
dose of 150 mg) after remission was achieved 
by PDN at recommended dose (grade B, 
moderate recommendation).

We recommend ANCA measurement at baseline, if 
available and every 6–12 months during therapy 
(grade X, moderate recommendation).

We recommend monitoring clinically for rash and 
measuring complete blood count and hepatic 
transaminases every 3–4 months (grade X, 
moderate recommendation)

IPNA 2023



Tacrolimus

Tacrolimus is an alternative agent, administered at a 
dose of 0.1-0.2 mg/kg daily for 12-24 months. Side 
effects include hyperglycemia, diarrhea and rarely 
neurotoxicity (headache, seizures). The use of 
tacrolimus is preferred especially in adolescents, 
because of lack of cosmetic side effects. Blood 
levels of createnine and glucose should be 
estimated every 2-3 months.

Westhoff TH, Schmidt S, Zidek W, Beige J, van der Giet M. Tacrolimus in steroid-resistant 
and steroid-dependent nephrotic syndrome. Clin Nephrol 2006; 65: 393-400



 CsA or TAC was more effective than intravenous 

CPH (78% vs. 40%; risk ratio 1.98 [95% CI 1.25–

3.13]) 

 TAC was more effective when compare with MMF in 

order to maintain remission (90% vs. 45%; risk ratio 

2.01 [95% CI 1.32–3.07) . When CsAwas compared 

with placebo, no treatment, or MPDN, no differences 

were detected in the number of patients developing 

ESKD but event numbers were very small
 IPNA clinical practice recommendations for the diagnosis and management of children 

with steroid-resistant nephrotic syndrome Pediatric Nephrology (2020) 35:1529–1561



Cumulative CR rates in patients receiving CYC or TAC. Although the rate of CR was not 
significantly different between the two groups at the end of 24 weeks therapy, the tendency of 

higher rate of CR was seen more often in the TAC group than CYC group before 4 weeks
treatment.

Li X et al. Nephrol. Dial. Transplant. 2008;23:1919-1925

© The Author [2007]. Published by Oxford University Press on behalf of ERA-EDTA. All rights 
reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org



Mycophenolate  mofetil (MMF) inhibits T- and B-cell 

proliferation. mycophenolate mofetil (MMF) is effective 

in increasing the duration of remission in children with 

idiopathic NS



MMF

Long-term therapy with MMF results in 
significant steroid sparing and 
reduction in relapse rates in patients 
with SDNS. Therapy with MMF and 
tapering doses of prednisolone 
appears to be a promising intervention 
in children with SDNS

 .2003 Am J Kidney Dis .Dec;42(6):1114-20



MMF versus CycA for remission maintenance in nephrotic 

syndrome

a multi-centre randomized controlled trial to 
compare the efficacy of mycophenolate mofetil 
(MMF) to that of cyclosporine A (CsA) in treating 
children with frequently relapsing nephrotic 
syndrome and biopsy-proven minimal change 
disease. 

pediatric neph.,2008Volume23 ,Number11, Pages 2013-2020 



Mycophenolate mofetil versus cyclosporine for remission 

maintenance in nephrotic syndrome

 12  CyC A group  5mg/kg for 12 months

 12 MMF  group 1200 mg/kg for 12 months

 . Relapse rate in the MMF group was 0.83/year 

compared to 0.08/year in the CsA group (p = 0.08).

 MMF has a favourable side effect profile compared 

to CsA; however, there is a tendency towards a 

higher relapse risk in patients treated with MMF.

Ped.Neph.2008, Volume 23, Number 11 Pages 2013-2020



 relapse rate in the MMF group (0.83/year±1.27 SD)

the CsA group (0.08/year±0.29 SD), 



Mycophenolate mofetil versus cyclosporin A in children with 

frequently relapsing nephrotic syndrome. JAm Soc Nephrol. 2013 Oct;24

 a randomized, multicenter, open-label, crossover 

study comparing the efficacy and safety of a 1-year 

treatment with mycophenolate mofetil (MMF; target 

plasma mycophenolic acid trough level of 1.5-2.5 

µg/ml) or CsA (target trough level of 80-100 ng/ml) 

in 60 pediatric patients with FR-SSNS

1Department of Pediatric Nephrology, Charité Universitätsmedizin Berlin CVK, Berlin, 

Germany



 More relapses per patient per year occurred with 

MMF than with CsA during the first year (P=0.03), 

but not during the second year (P=0.14). No 

relapses occurred in 85% of patients during CsA 

therapy and in 64% of patients during MMF therapy 

(P=0.06). However, the time without relapse was 

significantly longer with CsA than with MMF during 

the first year (P<0.05), but not during the second 

year (P=0.36).  These results indicate that MMF is 

inferior to CsA in preventing relapses in pediatric 

patients with FR-SSNS, but may be a less 

nephrotoxic treatment option. 



MMF is given at a dose of 800-1200 mg/m² along with 

tapering doses of prednisolone for 12-24 months 

The principal side effects include gastro-intestinal 

discomfort, diarrhea and leukopenia. Leukocyte 

counts should be monitored every 1-2 months; 

treatment is withheld if count falls below 4000/mm3.

Afzal K,etal. Treatment with mycophenolate mofetil and prednisolone for steroid-

dependent nephrotic syndrome. Pediatr Nephrol 2007; 22: 2059- 2065



Nephrotic Syndrome and 

Rituximab    Facts and 

Perspectives

Pediatr Nephrol (2009) 24:1433–1438



Can induce remission in NS

Effective as sparing treatment

When effective no CD20=no relapse

No CD20 threshold for predicting  relapse

Correct dosage…………?
Long term therapeutic strategy……?

Vincent Guigonis, Pediatr Nephrol (2008) 23:1269–1279



 Immune –mediated (B cell-dependent) mechanisms leading 
to disappearance of B-cells from peripheral circulation:

 Apoptosis – programmed cell death (PCD)

 Antibody-dependent cytotoxicity (ADCC)

 Cells bearing Fcꭚ receptors (NK, macrophages, monocytes)

 Complement-dependent cytotoxicity (CDC) 

 Antibody-dependent cellular phagocytosis (ADCP)

 Other (lysosome-dependent non-apoptotic cell death, adaptive 
cell immunity – activated T cells and dendritic cells)

 Non-immune (B cell-independent) mechanisms:

 The RTX/OFA bind sphingomyelin phosphodiesterase acid-like 3b 
protein (SMPDL-3b) and acid sphingomyelinase (ASM) on the 
surface of podocytes

Mechanisms of action

Ravani Et al, Clin J Am Soc Nephrol 2016; 11: 710-720



Therapeutic indications and rationale

 Target populations:
 Steroid-dependent NS
 Frequently relapsing NS
 Steroid/treatment resistant NS

 Therapeutic goals:
 Minimize steroid toxicity and morbidity
 Minimize calcineurin inhibitor toxicity 
 Induce long-lasting remission
 Induce remission in treatment-resistant patients



an  open-label, randomized controlled trial at four sites in Italy 

tested whether rituximab is non inferior to steroids in maintaining 

remission in juvenile SDNS. enrolled children age 1-16 years 

who had developed SDNS in the previous 6-12 months and were 

maintained in remission with high prednisone doses .  

participants  were assigned randomely to continue prednisone 

alone for 1 month (control) or to add a single intravenous infusion 

of rituximab (375 mg/m. Prednisone was tapered in both groups  

All but one child in the control group relapsed within 6 months; 

median time to relapse in the rituximab group was 18 months 

(95% confidence interval, 9 to 32 months).



Rituximab in Children with Steroid-Dependent Nephrotic Syndrome: A 

Multicenter, Open-Label, Noninferiority, Randomized Controlled Trial

One-year relapse-free survival by treatment group in the prednisone (control; dark gray) and
rituximab (intervention; light gray) groups. The risk of relapse was reduced by 98% in children 
treated with rituximab J Am Soc Nephrol 2015



Rituximab therapy - SDNS

Kim et al, Kidney Res Clin Pract 2017; 36(3): 257-263



Steroid-sensitive nephrotic syndrome
relaps free survival probability

Iijima et al, Pediatr Nephrol 2018; 33: 1449-1455 



Side effects

Rituximab is associated with several serious adverse 

events, including fatal hepatitis induced by rituximab 

reactivation of hepatitis B virus and progressive 

multifocal Leukoencephalopathy , fulminant

myocarditis , pneumocystis pneumonia, 

immunemediated ulcerative colitis and 

agranulocytosis.



Rituximab      IPNA 2023

We recommend using RTX as a steroid-sparing 

agent in children with FRNS or SDNS who are not 

controlled on therapy after a course of treatment 

with at least one other steroid-sparing agent at 

adequate dose, especially in case of non-

adherence (grade B, moderate recommendation). 

This is especially preferable, both in terms of 
safety and of effectiveness, above the age of 7–9 years
(grade C, weak recommendation)



What are the treatment 

recommendations for children 

with steroid resistant NS



Indications for genetic testing and renal 

biopsy

 We recommend, if available, that genetic testing be performed in all 

children diagnosed with primary SRNS

 We suggest giving priority to genetic testing in familia cases (family 

history of proteinuria/hematuria or CKD of unknown origin), cases 

with extra-renal features, and those undergoing preparation for renal 

transplantation

 We recommend a kidney biopsy in all children diagnosed with 

SRNS, except in known infection or malignancyassociated

secondary disease or potentially in patients with familial and/or 

syndromic cases or genetic causes ofSRNS

 We do not recommend performing genetic testing in patients

with initial steroid sensitivity who subsequently develop steroid 

resistance later in their disease course .

 IPNA clinical practice recommendations for the diagnosis and management of children with steroid-resistant 

nephrotic syndrome Pediatric Nephrology (2020) 35:1529–1561



First-line immunosuppressive treatment 

in children with SRNS IPNA guideline

 We recommend that CNI (cyclosporine or tacrolimus) should be the 

first-line immunosuppressive therapy inchildren with SRNS and 

started once the diagnosis is

 We suggest tapering PDN treatment once diagnosis of SRNS is 

established and discontinuing PDN therapy after 6 months .

 We recommend withholding or delaying CNI treatment in patients 

with an eGFR < 30 ml/min/1.73 m2, AKI, and/oruncontrolled

hypertension .

 We recommend withholding CNI and stopping PDN treatment in 

patients with evidence for a monogenic form of SRNS .

 When CNIs are not available or unaffordable, we suggestusing

cyclophosphamide (CPH) intravenous or po with or without high-

dose steroids .

IPNA clinical practice recommendations for the diagnosis and management of children 

with steroid-resistant nephrotic syndrome Pediatric Nephrology (2020) 35:1529–1561



Alkylating agents 

 When compared with PDN/placebo, CPH showed no 

difference in the outcome of complete remission (risk 

ratio 1.06 95% CI 0.61–1.87) [60, 61]. Overall, 36% 

children on CPH compared with 35% on PDN 

achieved complete remission

 IPNA clinical practice recommendations for the diagnosis and management of children with steroid-

resistant nephrotic syndrome Pediatric Nephrology (2020) 35:1529–1561



 Patients with SRNS who fail to achieve at least 

partial

remission with CNIs We suggest administering two 

rituximab infusions at a dose of 375 mg/m2 per 

infusion in order to reduce the CD19 cell count below 5 

per microliter or 1% (usually 1–2 infusions within 2 

weeks) 

 IPNA clinical practice recommendations for the 

diagnosis and management of children with steroid-

resistant nephrotic syndrome Pediatric Nephrology 

(2020) 35:1529–1561



Rituximab in SRNS

Rapid remission of steroid and mycophenolate mofetil 

(MMF)-resistant Minimal Change Nephrotic 

Syndrome after Rituximab therapy.

( few reports)

Nephrol Dial Transplant. 2008 Jan;23(1):377-80. Epub 2007 Nov 2



 Observational studies showed complete remissions 

in ~ 30% of patients treated with rituximab as a 

rescue therapy for multidrug-resistant SRNS



Calcium, magnesium, and vitamin D 

supplementations

Administering oral calcium if hypocalcemia

exists based on ionized and/or albumin-corrected 

calcium

levels (grade C, weak recommendation).

Supplementing with cholecalciferol or

ergocalciferol if 25-OH-vitamin D levels are low (< 30

ng/mL) (grade C, moderate recommendation).

Administering oral magnesium in case of

symptomatic hypomagnesemia (grade D, weak

recommendation).  

IPNA Guidelines 2020



 SUMMARY AND RECOMMENDATIONS

 In children with nephrotic syndrome (NS) who have a 

high probability of having MCD  empiric therapy with oral 

prednisone  is recommended thus avoiding renal biopsy.

 Children with steroid-responsive NS, who are frequent 

relapsers and/or are steroid dependent, , steroid sparing 

agents are  recommended.



 Ten percent of children will fail to respond to 

steroid therapy.  are at increased risk for 

developing end-stage renal disease. 

 Mutations of the NPHS2 gene and WT1 gene 

account for 20 percent of cases of steroid-

resistant NS .      immunosuppressive therapy is 

not recommended. 
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NOCTURNAL 

ENURESIS

 Terminology

 Epidemiology and natural history  

 Pathogenesis 

 Causes 

 Evaluation

 Management 





• Refers to discrete episodes of urinary incontinence during sleep in 
children ≥5 years of age.

• Enuresis is divided into monosymptomatic and non-monosymptomatic forms, 
although the pathogenesis and evaluation of the two forms overlap.

• Monosymptomatic nocturnal enuresis usually is divided into primary and 
secondary forms.

• Non-monosymptomatic enuresis is defined as enuresis in children with other 
lower urinary tract symptoms.



MONOSYMPTOMATIC NOCTURNAL 
ENURESIS

• Primary : in which the child has never achieved a satisfactory nighttime dyness

, accounts for about 80% of the cases

• Secondary :in which the child develops enuresis after at least six months of 

nighttime dryness .



NON-MONOSYMPTOMATIC ENURESIS

• Consistently increased or decreased frequency of voiding 

• Urgency

• Hesitancy

• Daytime incontinence 

• Straining 

• Weak stream

• Intermittancy

• Holding maneuvers 

• Genital or urinary tact pain 





 Monosymptomatic nocturnal enuresis is common 

in children. The prevalence varies according to 

age

5 years 15 percent

6 years 13 percent

7 years - 10 percent

8 years - 7 percent

10 years - 5 percent

12 to 14 years - 2 to 3 percent

≥15 years 1 to 2 percent

 Monosymptomatic nocturnal enuresis is twice as 

common among male compared with female 

individuals. It resolves spontaneously at a rate of 

approximately 15 percent per year

 The longer the enuresis persists, the lower the 

probability that it will spontaneously resolve.





• Maturational delay - In almost all cases, monosymptomatic nocturnal enuresis resolves 

spontaneously .

• Genetic factors: There is a genetic tendency toward nocturnal enuresis. The concordance 

among monozygotic twins is almost twice that among dizygotic twins (68 versus 36 

percent.When one parent has a history of prolonged nighttime wetting, approximately 50 

percent of the offspring are affected; when both parents have a history, approximately 

75percent of offspring are affected.

• Nocturnal polyuria and Antidiuretic horomone : Increased nighttime urine output appears to 

play an important role in nocturnal enuresis.

• Small bladdar capacity :At birth, bladder volume is  approximately 60 mL (2 ounces); bladder volume 
increases with age at a relatively steady rate of approximately 30 mL (1ounce) per year until 10 years of age, 
Children with NE have been noted to have smaller bladdar capacity .

• Detrusor overactivity:They may have a defect in the circadian rhythm of detrusor inhibtion and pelvic floor 
activity . 





CAUSES
• Bladder dysfunction (usually associated with daytime symptoms)

• Urinary tract infection

• Chronic kidney disease associated with poor growth or weight loss, hypertension, abnormal 

urinalysis.

• Posterior urethral valves (associated with incomplete bladder emptying).

• Obstructive sleep apnea .

• Fecal incontinence and constipation 

• Sickle cell disease (may be associated with positive family history, abnormal urinalysis decreased 

specific gravity, hematuria, proteinuria])

• Seizures (associated with paroxysmal,stereotyped behaviors)

• Diabetes mellitus (associated with polyuria,polydipsia, weight loss, and glucosuria)

• Arginine vasopressin disorders, previous called diabetes insipidus

• Spinal dysraphism (may be associated with abnormal overlying skin )

• Pinworms (associated with perianal excoriation )





EVALUATION /

• Daytime wetting or lower urinary tract symptoms including urgency,holding maneuvers, interrupted micturition,weak 
stream, and straining. Urologic and neurologic disorders are more common among children with daytime symptoms.

• Whether the child ever had a prolonged period of dryness (ie, six months).

• Frequency and trend of nocturnal enuresis (eg,number of wet nights per week or month, number of episodes per 
night, time of episodes).

• Fluid intake diary. Consuming the majority of fluids during the late afternoon and evening may be associated with 
nocturnal polyuria

• Stooling history and history of soiling 

• Medical history eg, review of systems for symptoms of sleep apnea, diabetes, sickle cell disease, urinary tract 
infection [UTI], gait or neurologic abnormalities).

• Family history of nocturnal enuresis.

• Social history (particularly important in secondary enuresis).

• Assessment of how the problem has affected the child and the family 







EVALUATION /

• The physical examination of the child with primary monosymptomatic nocturnal 
enuresis usually is normal.

• Poor growth and/or hypertension may indicate renal disease.

• Tonsillar hypertrophy or "adenoid facies may indicate obstructive sleep apnea.

• Detection of wetness in the undergarments is a sign of daytime incontinence.

• Palpation of stool in the abdomen suggests constipation

• Detection of incomplete bladder emptying by percussion and/or palpation or 
observation of voiding that demonstrates slow urinary stream.

• Perineal excoriation or vulvovaginitis may indicate pinworm infection.

• Abnormalities of the lumbosacral spine may indicate occult spinal cord abnormalities .





• In primary monosymptomatic enuresis, the mainstay of management is education, and 

reassurance that no treatment is necessary.

• Void first thing in the morning and immediately before bed. •                              

• Frequent voiding (aim for every 2 to 3 h, or 5 to 7 times/ day). 

• Wearing a vibrating watch or timer may help decrease daytime LUTS • 

• Optimal posture for girls is to sit upright in the middle of the toilet with feet touching the 

ground or on a footstool .

• Fluid intake • Drink liquids in the mornings and afternoons, and drink less after dinner. 

Some studies recommend 80% of total daily fluid intake before 4:00 pm. • 

• Avoid caffeinated drinks .

• Address constipation. Active dietary management, including medication and nutritionist 

referral, may be needed, with one soft bowel movement per day being the goal.



 Children and families with persistent distress 

despite education and reassurance, shared 

decision-making with patients and families 

should inform the use of active therapies.

 Alarms are used since the 1930s, the enuresis 

alarm wakes a sleeping child with a moisture 

sensor at the initial stage of voiding.

 Alarm studies have demonstrated varying 

success rates (success being defined as 14 

consecutive dry nights), typically with an initial 

response of 60% to 80%, although up to one-half 

of children may relapse when alarm use is 

discontinued 

 Nightly enuresis is more resistant to alarm 

therapy, while infrequent enuresis (less than 

once per week) does not allow sufficient 

opportunity for appropriate training. At least two 

episodes per week should be baseline for alarm 

use to be effective.





• Desmopressin is a synthetic vasopressin analog that has been used for enuresis since the 

1970s. 

• Desmopressin works by decreasing both urine volume and intravesical pressure at night.

• Desmopressin is effective for treating enuresis with a range of underlying mechanisms 

and may be especially useful for nocturnal polyuria with normal (rather than low) daytime 

bladder capacity (based on history, voiding diary use, and urine measurement).

• Daily use results in a full response in 30% of children, with another 40% experiencing a 

partial response . The relapse rate when medication is discontinued is up to 70%

• The usual melt dose is 120 mcg administered 30 to 60 min before sleep. The anti-enuretic 

effect has been observed soon after medication initiation but, if dryness is not achieved, 

the dose can be doubled to 240 mcg. The maximum dose for desmopressin is 360 mcg. 

• Guidelines for continuous use of desmopressin suggest treatment for 3 months at a time, 

then reassessment with a medication break to determine resolution of enuresis symptoms.



• Education and reassurance are the mainstays of management for monosymptomatic or 

‘simple’ enuresis (MSE).

• Conduct a history and physical exam to determine that enuresis is the correct 

diagnosis, to distinguish monosymptomatic from non-monosymptomatic enuresis, and 

to rule out common comorbidities, especially constipation, developmental and 

psychiatric conditions, and upper airway obstruction.

• lower urinary tract symptoms (LUTS) may not be evident unless clinicians specifically 

ask about them. When LUTS are present, they should be addressed first or concurrently 

with treatment for enuresis. Referral to urology is appropriate when symptoms are 

severe, numerous, or atypical.

• Work with patients and families to determine whether treatment is necessary or 

desired. Consider the impact of enuresis on the child’s self-esteem, and family factors 

such as motivation, support, and available resources. 

• Patients experiencing distress related to their enuresis may respond well to active 

treatment, such as an enuresis alarm and/or the intermittent use of desmopressin.
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The renal acid load depends on 

the diet

• Animal proteins (rich in sulfur-containing 

amino acids) generate acids 

• Most fruit and vegetables contain organic 

acids that are metabolized to bicarbonate 

• A typical western diet generate a net renal 

acid load of =50 mmol

• The acid load is eliminated by the kidney 

through:



Acid Base Homeostasis



Classification of renal 

tubular acidosis (RTA)

• type 1 RTA
• inability of the distal convoluted tubule and the 
collecting tubule to maximally increase the urinary 
secretion of H+ in the presence of metabolic acidosis

• type 2 RTA
• impaired HCO3− reabsorption in the proximal tubule

• type 3 RTA
• mixed form of type 1 and type 2 RTA

• type 4 RTA
• defective production of ammonium (NH4+) due to 
hyperkalemia resulting from either aldosterone deficiency 
or aldosterone resistance



Nomenclature



Consequences of chronic 

metabolic acidosis

• Failure-to-thrive

• Fatigue

• Muscle weakness

• Protons replace calcium ions in bones and can 
cause:

- rickets

- hypercalciuria/nephrocalcinosis



Clinical features of RTA

• Failure to thrive, short stature

• Refractory rickets

• Hypokalemic symptoms (paralysis, paralytic ileus, neck flop, U 
waves on ECG)

• Polyuria/polydipsia/salt craving

• Ocular problems (e.g cataract)

• Global Developmental delay (Lowe syndrome, Galactosemia)

• Cholestasis in some cases of Proximal RTA

• Family history of rickets/hypokalemic symptoms (often in a 
consanguineous marriage)

• Hepatosplenomegaly in some causes of Proximal RTA

• Photophobia in cystinosis 

• Nephrocalcinosis on ultrasonogram



Step-wise approach to RTA

• Step 1: Determine plasma anion gap= 
Na - (Cl + HCO3)

• Step 2: Estimate urine anion gap= 
(Na + K) – Cl

• Step 3: Determine Urine pH (pH 
meter)

• Renal ultrasonogram

• Genetic studies



Anion gap (AG)

NB: the anion gap decreases if:

hypoalbuminaemia ( 3 mEq per gr of albumin)- )

↑↑↑other cations, e.g. hypercalcemia, lithium intoxication, high 

Ig (cationic)



Anion gap (AG)

High AG acidosis

= acid gain

• Ketoacidosis

• Alcoholic (-
hydroxybutyrate)

• Starvation

• Lactic acidosis

• Organic aciduria

• Uremia

• Toxins 

• Intoxications: ethylene
glycol, propylene glycol, 
methanol, paraldehyde, iron

Normal  AG acidosis

=bicarbonate losses

• Gastrointestinal 
losses of HCO3

• _Renal tubular 
acidosis

• Acetazolamide, 
(inhibitors of CA)

• Miscellaneous NH4+Cl 
ingestion Sulfur 
ingestion



Urinary 

anion gap 

(uAG)

• Index of urinary NH4+ 
excretion (usually not 
measured because it is 
cumbersome)

• A positive uAG suggests low 
urinary NH4+ - renal 
tubular acidosis

• A negative uAG suggests 
high urinary NH4+ - extra-
renal HCO3-losses 
(diarrhea…)

• NB: does not work well in 
neonates and young infants



Simplified diagnostic approach 

in patients with acidosis



Simplified diagnostic approach 

in patients with RTA



Distal renal tubular acidosis: type 1 

dRTA

Dysfunction of the 
intercallated cells 
that fail to produce 
acid urine

Clinical diagnosis

pH urine > 5.5 when 

arterial pH < 7.34

normal AG

normal GFR

• Other features: 
hypokalemia 
nephrocalcinosis, 
nephrolithiasis 
metabolic bone 
disease



Aetiology of 

dRTA

• Primary dRTA

• Genetic abnormalities of the 
apical H+ ATPase unit

• Variants of the gene encoding the 
(basolateral) anion exchanger 1 
(AE1)

• Variants of the gene encoding the 
cytosolic carbonic anhydrase 2

• Autoimmune

• Nephrotoxic medications

• Hypercalciuria/nephrocalcinosis

• Tubular interstitial disease in older 
children leading to mineralocorticoid 
resistant 



Distal Renal Tubular Acidosis:

Etiology–nongenetic



Proximal renal tubular 

acidosis: type 2 pRTA

• Defect in PT capacity to reabsorb HCO3

• Hypokalemia is not always present 

• Hypercalciuria/nephrocalcinosis are absent or less 

severe compared to dRTA



Proximal Renal Tubular 

Acidosis -Etiology



Proximal renal tubular 

acidosis: type 2 pRTA



Combined RTA /Type 3

• Rare form of autosomal recessive RTA 

• Combines features of both type 1 and type 2 
RTA

• Manifestations: 

• Oteopetrosis, cerebral calcifications, 
nephrocalcinosis

• Facial dysmorphism (hypertelorism, low set ears, 
and a

depressed nasal bridge), 

• Conductive hearing loss and cognitive impairment

• Mutation in CA2



Renal tubular 

acidosis with 

hyperkalemia/Type 4

• High normal potassium with NAGMA

• The primary abnormality is 
actual or effective 
hypoaldosteronism resulting in 
sodium loss from  the collecting 
duct

• Hyperkalemia occurs because 
potassium and proton secretion in 
the collecting duct is coupled in 
this part of the nephron to sodium 
reabsorption

• Genetic forms of hyperkalemic 
(type 4) RTA are known as pseudo-
hypoaldosteronism

Obstructive uropathies can 

cause

aldosterone resistance



Pseudohypoaldosteronism type 1 

and 2 (PHA 1, PHA 2)

• Pseudohypoaldosteronism type 1 (PHA 1)

• Renal Na+ waisting

• Hyperkalemia

• Hyponatremia(hypotension)

• Metabolic acidosis

• High renin and aldosterone levels

•

Pseudohypoaldosteronism type 2 (PHA 2) (Gordon syndrome)

• Hyperkalemic hypertension, low level of renin 

• (mild)acidosis

• Impaired removal of distal NaCl cotransporter in DCT

• Increased expression of ENaC

• Decreased expression of ROMK in CD



Differentiating between 

types of RTA 



Test for 

phosphat

e 

Handling

• Plasma phosphate levels 

indicates proximal tubular function

• Fractional excretion of 

phosphate determined on a timed (6-

h, 12-h, 24-h) urine specimen for 

phosphate wasting (Fanconi 

syndrome)

• Normally 5–12% of the 

ultrafiltered phosphate is excreted 

and the 

tubular reabsorption is 88–95%. 

FePO4=(uPO4 x sCr) / (sPO4 x uCr)



Observations from cohort

• Most cases of dRTA are “sporadic” (>70%), although 

genetically transmitted, deriving from homozygous or 

compound heterozygous mutations, with a single family member 

affected

• Mutations in the ATP6V0A4 gene are quite as frequent as 

mutations in the ATP6V1B1 gene in patients with AR dRTA

• The association of dRTA with early SNHL is not an absolute 

indicator of the underlying causal gene

• CKD is more frequent than reported thus far and can occur 

in patients with a long history of the disease





Summary 

of 

genetic 

causes



Treatment

• Correction of acidosis:

• Na bicarbonate

• Kcitrate citrate–

pRTA10-15 meq/kg/day

dRTA2-4meq/kg/day in 4 

doses)

• Further treatment 

depending on the cause

• Proximal RTA/Fanconi 
syndrome

• Requires high dosage of 
alkali@5-20meq/day and 
potassium suppplemenation@2-5 
meq/day

• Fanconi syndrome: 

• Phosphate (40–80 mg/kg/d) 
sachets or tablets containing 
250 or 500 mg phosphorus.



Case 1

7 years old male child presented with rickets and 
failure to 

thrive

•He was found to have polyuria/polydipsia and bony 

deformities

•The blood gas showed pH-7.2; HCO3 of 12; K+=3.1; 
AG=12; 

PTH:458(increased); Cl-=117



UAG=10

•Ultrasonography?

•Diagnosis?

•Distal Renal tubular disorder

•Genetic testing: ATP6V1B1

•Alkalizer @2 meq/day (Always 

correct potassium before 

initiating 

bicarbonate to decrease the 

reflex hypokalemia)

•SNHL hearing loss: reverse 

phenotyping



Case 2

• A 3-year-old male child presented with complaints of 
poor weight 

gain, delayed motor milestones since 1 year of age and 
features 

suggestive of rickets (wrist widening, bowing of legs 
and Harrison’s 

sulcus

•He was third born of a third degree consanguineous 
marriage

•PH=7.19; HCO3=8; K+=2.1; UAG=8; Cl-=112; PO4=2.1; 
Ca=8.2

•FeHO3=30%; TRP=15%; FePO4=85%;TMP/GFR=1.4

The next step would be



Aminoaciduria; glucosuria 

was present

•Eye evaluation

• •Fanconi syndrome

•Genetic testing: Compound 
heterozygous mutation in 
CTNS gene

•Segregation analysis 
confirmed pathogenic 
variation

•Alkalizer @10 meq/day 
(Always correct sodium 
before initiating 

bicarbonate to decrease the 
reflex hypokalemia); 
Cysteamine



Case 3



Summary

• Suspected in child with FTT wit NAGMA

• Urinary anion gap may help to differentiate 
type of RTA

• • Molecular genetics
• To establish diagnosis or for picking up the co-

morbid conditions (reverse phenotyping)

• Genetic counselling



Thank You 
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Case-based discussion focused on identification and management of children 

with hypertension 

Objective



•     3.5% of children have HTN; another 10-11% have   

         elevated BP, and the prevalence is much higher in

         obese children (up to 25%).

• High BP in childhood increases the risk for adult 
HTN and cardiovascular disease –Tracking.

• Even youth with HTN have evidence of accelerated 
vascular aging, TOD, cognitive impairment and 
school performance.

Prevalence & Relevance



10-year-old boy, previously healthy, presented to the emergency room 
with signs and symptoms of otitis media. His father is hypertensive on 
medications.

The child is crying from ear pain. His vital signs are HR 110 BPM, BP 
139/85

On physical exam: right ear tympanic membrane is erythematous and 
bulging. You prescribe pain killer and antibiotics. Repeat BP is 130/80.

You plan to discharge the patient home when the child’s father asks you: 
do I need to worry about his BP? Does my child have hypertension?

In the ER



A. Start antihypertensive medication

B. Refer to specialist

C. Repeat blood pressure measurement at later 
occasion in a different setting

D. Order workup (CBC, kidney US, ECHO, kidney 
function test and urinalysis)

E. Reassure parents that no further action is needed

Your next step in management?



Hypertension—average SBP and/or DBP that is greater than or equal 
to the 95th percentile for sex, age, and height on 3 or more occasions.

• Adolescents ≥13 y/o with BP ≥130/80 are considered 
to be hypertensive

Elevated BP —average SBP or DBP levels that are greater than or 
equal to the 90th percentile, but less than the 95th percentile.

• Adolescents ≥13 y/o with BP levels greater than or 
equal to 120/80 mmHg should be considered to have 
elevated BP

Definition and Methodology



• Repeat Elevated BP’s

• Blood pressure in childhood is quite labile and can fluctuate widely, 
even in children with secondary HTN

• The 2017 AAP CPG recommends that at least three abnormal readings, 
obtained at different times, are needed before the "diagnosis" of HTN 
can be made.

- Elevated BP’s obtained by oscillometry should be confirmed by 
auscultation

- Use online calculators or cell phone apps to help you classify BP

What to Do about the Child with an Elevated BP?



Definition of HTN (1-18y) 

Flynn et al, Pediatrics 2017; 140:e20171904



Use the Correct Sized Cuff

• Proper cuff size is crucial to accurate BP measurement

• Manufacturer’s recommendations on cuffs may not be 
accurate due to obesity-associated increased arm 
circumference

• Ideally arm circumference should be measured and the 
proper size cuff chosen

• A variety of cuff sizes must be kept on hand in the 
office



Technique

• Rest for 5 minutes

• Use correct sized cuff

• Repeat at 1-min intervals



You get a call from the PICU staff to evaluate the BP of a 10-year-old girl, 
previously normotensive, known to have CP & seizure disorder admitted with 
status epilepticus.

During her hospitalization, she was intubated and sedated. Yesterday, the ICU 
team managed to extubate her and currently she is on CPAP due to respiratory 
distress.

On exam: you noticed the blood pressure cuff to be on her right leg. BP 140/90, 
HR 80, RR 20. Her neuro exam shows her to have increased muscle tone. 

Her current medications include anti-epileptics, clonidine weaning dose, stress 
dose steroids.

In the ICU



A. Wrong placement of the BP cuff

B. Respiratory distress

C. Rebound hypertension

D. Stress-dose steroids

E. Increased muscle tone

F. All the above

What are the possible contributing factors to the 
elevated BP in this child?



- Technique is important

- BP in children is labile 

- Frequently the child with elevated BP does not require a 
workup or medications

Take home massages



• Age: 12 years,  Male

 • During routine checkup: Fatigue, snoring at night.

 • Family History: Hypertension, type 2 diabetes

      • No significant medical history, not on any meds.

      •         Enjoys playing video games and ordering  food from fast- 

                 food chains.

 

 • BP Readings on multiple occasions averaged: 140/90 

                  mmHg (stage2 HTN range)

 • Weight: BMI > 99th percentile, + acanthosis nigricans.

The obese child



A. Have the boy return for a repeat blood pressure

      measurement in 6 months.

B. Provide lifestyle counseling to increase physical activity

      and lower dietary salt and repeat blood pressure

      measurement in 6 months.

C.    Begin diagnostic evaluation for stage 2 hypertension.

D. Admit to the hospital for immediate blood pressure

      reduction.

What is the most appropriate approach for 
this boy?



Patient Evaluation & Management by BP Level

BP Category
(see Table 3)

BP Screening 
Schedule

Lifestyle 
Counseling 

(Weight, 
Nutrition)

Check Upper 
and Lower 

Extremity BP
ABPM

Diagnostic 
Evaluation

Initiate 
Treatment

Consider 
Sub-

specialty 
Referral

Normal Annual X

Elevated BP

Initial measurement X
Second measurement: 

Repeat in 6 months X X

Third measurement: 
Repeat in 6 months X X X X

Stage 1 HTN

Initial measurement X
Second measurement: 

Repeat in 1-2 weeks X X

Third measurement: 
Repeat in 3 months X X X X X

Stage 2 HTN

Initial measurement X X
Second measurement: 

Repeat/refer to 
specialty care
within 1 week

X X X X X

Flynn et al, Pediatrics 2017; 140:e20171904



Children and adolescents ≥6 y of age do not require 
an extensive evaluation for secondary causes of HTN if 
they have a positive family history of HTN, are 
overweight or obese, and/or do not have history or 
physical examination findings suggestive of a 
secondary cause of HTN.

Relevant Guidance from the 2017 AAP CPG





ABPM is done, demonstrating sustained hypertension while 
awake and asleep, with only 7% SBP dipping.

Urinalysis is normal. Creatinine is 0.7 mg/dL (62 µmol/L)

Random glucose elevated. Triglycerides and LDL cholesterol 
elevated. HDL cholesterol low

Initial Diagnostic Evaluation



- Confirm diagnosis of HTN after 3 high office BP readings

• White coat vs. sustained ambulatory HTN

- Assess adequacy of BP treatment

• CKD: 24-hr MAP <50th percentile

• Repeat ABPM in all treated patients

Uses of ABPM – 2017 AAP CPG



BP Patterns by Office & Ambulatory BP

O
ff

ic
e

 B
P

Ambulatory BP



A. Component of the metabolic syndrome 
(secondary to obesity)

B. Wrong technique of BP measurement (cuff size)

C. Possibly related to obstructive sleep apnea

D. Likely related to his life-style

E. All the above

Which of the following is likely true about this child’s BP?



OSA

Adiponectin Dysbiosis



Treatment includes 3 components:
• Non-pharmacologic measures
• Antihypertensive medications
• Ongoing monitoring

Management of HTN in Children & Adolescents



Weight loss is primary therapy but difficult to achieve

Increased Physical Activity
• 2017 AAP CPG: “Vigorous” physical activity 3-5 d/wk, 30-60 min/session
• Aerobic exercise or combination of aerobic exercise plus resistance training
• Try to find an activity child is already participating in and intensify it

Nutritional Counseling
• 2017 AAP CPG: Provide advice on the DASH diet
• DASH eating plan: increased fruits and vegetables, low-fat dairy products ± 

sodium restriction (www.dashdiet.org)
• AHA: Reduce sodium intake to 1500-2300 mg/day

Therapy: Initial Approach

http://www.dashdiet.org/


He met with a nutritionist who taught him about healthy eating

• Reduced sodium intake

• Cut down on snacks and portion sizes at meals

His father started taking him to the gym 4 days per week

• He used the treadmill and did weight training

Over a 2-year period he lost 9 Kg, and his BMI dropped to the 93rd 
percentile

His blood pressure fell to the elevated BP range – 120’s/70s

Outcome



In hypertensive children and adolescents who:

-Symptomatic hypertension

-Secondary hypertension

-Hypertensive target-organ damage

-Diabetes (Types 1 and 2)

-Persistent hypertension despite non-pharmacologic measures

-Stage 2 hypertension

Clinicians should initiate pharmacologic treatment with an ACE inhibitor, ARB, 
long-acting calcium channel blocker, or thiazide diuretic.

Who Needs Pharmacologic Treatment?

Flynn et al, Pediatrics 2017; 140:e20171904



Using Physiology to Treat Hypertension 



In children and adolescents diagnosed with HTN, the treatment goal 
with non-pharmacologic and pharmacologic therapy should be a 
reduction in SBP and DBP to <90th percentile and <130/80 mm Hg in 
adolescents ≥ 13 years old.

• C, moderate

Children or adolescents with both CKD and HTN should be treated to 
lower 24-hr MAP <50th percentile by ABPM

• B, strong

Goal for Antihypertensive Treatment in Children 

Flynn et al, Pediatrics 2017; 140:e20171904



Pediatricians should only prescribe drugs that have published 
pediatric efficacy & safety data
Follow “stepped care” approach

• Begin with starting dose of a single drug
• Increase dose until goal BP or maximum dose 

reached, or adverse effects occur
• Add another drug from a different class, etc.

Multiple-drug regimens usually needed to reach goal BP, even in 
primary HTN

Approach to Prescribing Anti-hypertensives





8-year-old boy, known to have ADHD, otherwise previously healthy was found to 
have a BP of 160/100 during his developmental pediatrics clinic visit. BP was 
repeated multiple times and confirmed manually with almost the same range.

Upon further detailed history, the family reported that the child occasionally 
complains of headaches, fatigue, and episodes of dizziness.

Physical Exam Findings:

 • Abdominal Exam: No palpable masses, + abdominal bruit, + multiple 
hyperpigmented lesions on the trunk and back.

 • Heart Exam: Normal S1, S2; no murmurs, strong pulses X4. 

                        Lower limb BP  170/110

      

 • No history prematurity, past trauma, surgery, or medication intake.

The young child



Labs, imaging studies ordered

Started on amlodipine which resulted in BP reduction to the 140’s/90’s 
range.

Normal urinalysis, normal creatinine, normal electrolytes, elevated renin and 
aldosterone

Echocardiogram: structurally normal heart with LVH

Complete kidney US: kidneys of normal appearance and size bilaterally

Renal doppler: 2 LF renal arteries, 1 RT renal artery. Patent. Inconclusive. 

CT- angiogram performed: Both renal arteries are patent, but there is 
minimal irregularity of the caliber of the left renal artery as it branches off 
from the abdominal aorta, of uncertain clinical significance. 

Genetic testing ordered & confirmed diagnosis as NF1





BP was better controlled with addition of a B-Blocker: 130’s/90’s

Child developed a TIA, underwent a whole-body MRI/MRA which confirmed vascular 
lesion in the brain consistent with moyamoya disease

He underwent a bypass surgery to help improve brain circulation.

On the MRI/MRA: Interim reduction in left renal bipolar length (Left Kidney: 7.9 cm, 
previously 9.0 cm) with reduced left renal upper-mid polar parenchymal thickness/bulk 
suggesting ongoing vascular insult.

Control BP & maintain brain perfusion .. A small dose of ACEi was added and resulted 
in BP 120’s/70-80

Repeat echo 6 mo later – improved LVH

Follow up



Scheduled for angiography with possible intervention.

DMSA pre-intervention



Always check for upper and lower extremity BP

Feel for femoral pulses

Auscultate for abdominal bruits

In children with renovascular disease genetic testing (yield up to 19-40%).

The younger the child, the higher the BP, the more sustained the BP => the more likely 
it is secondary

NF vascular lesions are dynamic and may affect multiple organs, look for other organ 
involvement, CoArc and don’t forget Pheos.

Based on the local expertise, the lesions  and the kidney function: a wide range of 
interventions can be performed (balloon, reconstruction, reimplantation, avoid stents in 
growing children) and have a vascular surgeon on standby.

Take home massages



Doppler renal ultrasonography may be used as a noninvasive screening 
study for the evaluation of possible RAS in normal wt children and 
adolescents ≥8 y of age who are suspected of having renovascular HTN and 
who will cooperate with the procedure.

• C, moderate

In children and adolescents suspected of having RAS, either CTA or MRA 
may be performed as noninvasive imaging studies.

• D, weak

Relevant Guidance from the 2017 AAP CPG



Causes of Childhood HTN

 Infants School-age Teens 

Primary 1% 15-30% 85-95% 

Secondary 99% 70-85% 5-15% 

Renal Parenchymal Disease 20% 60-70%  

Renovascular 25% 5-10%  

Endocrine 1% 3-5%  

Coarctation 35% 10-20%  

Reflux Nephropathy 0% 5-10%  

Neoplastic 4% 1-5%  

Miscellaneous 20% 1-5%  

 
 



13 mon boy, ex 32 weeker found to be hypertensive during a 
scheduled MRI brain which was being completed due to multiple cafe 
au lait spots
blood pressure was 185/95 mmHg

Child met the criteria for NF1, and later the diagnosis was genetically 
confirmed.

Initial management to reduce the BP to a safe range.

Now BP controlled on 3 medications: Amlodipine, Atenolol and 
Enalapril

Last BP was 105/60

The baby





What resources are available for you at your institution?

Will you keep the child on 3 medications or consider 
nephrectomy?

Will the child come off antihypertensive medications after 
nephrectomy?

Can the disease affect the other kidney?

BP controlled on 3 medications. Split function 
2%/98%



FREE TO DOWNLOAD AT : 
www.frontiersin.org/research-topics/5269/pediatric-hypertension-update#overview
2017 AAP CPG: https://pediatrics.aappublications.org/content/140/3/e20171904.long

ishatat@Sidra.org
@IntPedHTN 
@pedsnephrology

http://www.frontiersin.org/research-topics/5269/pediatric-hypertension-update#overview
http://www.frontiersin.org/research-topics/5269/pediatric-hypertension-update#overview
https://pediatrics.aappublications.org/content/140/3/e20171904.long
mailto:ishatat@Sidra.org
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