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Diagnosis 

The diagnosis  is made clinically, based on the  characteristic signs 

and symptoms, and on laboratory findings indicative of an acute 

change in renal function. 

“traditionally has relied on measurements of serum creatinine as a marker of 
GFR and/or monitoring of urine output.”

◼ Two of the most widely used definitions for pediatric AKI are the pediatric  
Risk or renal dysfunction, (pRIFLE) and the Kidney Disease Improving 
Global Outcomes (KDIGO) classification







In 2012, the Kidney Disease Improving Global Outcomes (KDIGO) criteria were 
established 





CLASSIFICATIONS

Prerenal disease– volume-responsive AKI:

◼caused by reduced renal perfusion. 

◼It is the most common form of pediatric AKI 

due to:

◼True volume depletion

bleeding (eg, surgery or trauma)

intestinal loss (eg, gastroenteritis)

excessive cutaneous loss (eg, burns)



CLASSIFICATIONS

Prerenal disease
◼ reduction of effective circulatory volume:

as result of decreased arterial pressure (due to decreased cardiac 
output as in heart failure)         or

decreased effective arterial blood volume (decreased intravascular 
volume despite normal or increased total body water [septic shock or 
cirrhosis])

In this AKI, although glomerular filtration rate (GFR) is reduced, 
renal tubular function remains intact with reabsorption of sodium 
and water in response to renal hypoperfusion, leading to oliguria. 

When normal renal perfusion is restored, urine flow and GFR usually 
return to normal.



renal compensatory 

mechanisms
◼The most effective of these renal compensatory 
systems involves the increased intrarenal 
generation of vasodilatory prostaglandins. 

◼Non-steroidal anti-inflammatory drugs, inhibit this 
response and precipitate AKI, especially when used 
in the setting of renal hypoperfusion.

eg: Ibuprofen and 
Indomethacin



renal compensatory 

mechanisms

◼ A second mechanism involves angiotensin 

II, which constricts the efferent arteriole 

leading to increased hydrostatic pressure 

across the glomerulus and maintenance of 

GFR.

◼ The administration of angiotensin-

converting enzyme (ACE) inhibitor 

therapy blocks this compensatory 

mechanism!



Those compensation mechanisms work together to increase blood flow and 

maintain  the intra glomerular hydrostatic pressure required for proper filtration 



CLASSIFICATIONS
Intrinsic renal disease 

Intrinsic AKI is characterized by structural damage 

to the renal parenchyma. 

◼Tubular (ATN) from drugs,ischemia

◼Vascular disease (thrombosis,vasculitis)

◼Glomerular disease ( PSGN, HUS,HSP..)

◼Acute interstitial nephritis 

◼myoglobinuria due to rhabdomyolysis

◼Nephrotoxins

(aminoglycosides,NSAIDS,ACEI,CNI)

◼Tumor lysis syndrome



Interstitial Nephritis



Post renal ARF

◼ Obstruction at level of ureter till urethra

◼ Elevated tubular pressure decrease GFR

◼ Duration of obstruction affects recovery

◼ Congenital (PUJ,PUV),acquired (stones)

◼ Post obstructive diuresis:dilute urine with 

large Na losses,reduced excretion of H,K



Postrenal disease 

◼Postrenal AKI

Stones

Strictures/stenosis

Clots 

Neurogenic  Bladder

Congenital anomalies(PUV)







Clinical picture 

History vomiting, diarrhea, or decreased oral 

intake

◼nephrotoxic medications

◼Prolonged hypotension/sepsis/shock ( in 

hospitalized patients)

◼ a known etiologic factor that predisposes the 

child to AKI, such as shock or heart failure, 

◼history of bloody diarrhoea or petechial rash 

(HUS )



CLINICAL PRESENTATION
History

◼ Edema(due to progressive fluid accumulation)

◼ urine output :decreased or no urine output,

◼ gross and microscopic hematuria, 

◼ hypertension.

◼ preceding streptococcal infection: post streptococcal 

glomerulonephritis. (history of pharyngitis or impetigo) 

◼systemic complaints (vasculitis)

fever, joint complaints, arthritis and rash

◼ Known GN or CKD
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Clinical picture 

Urine output –

Measurement of urine output is very important in the critical care 
setting, since the degree of oliguria affects fluid and electrolyte 
management.

However, the presence of a normal volume of urine does not preclude 
AKI.

◼Anuria: no urine output

◼Oliguria : urine output <1 mL/kg /hr in infants, and in children and 
adults, urine output <0.5 mL/kg /hr for greater than six hours 

◼Nonoliguria – The majority of neonates with AKI will have nonoliguric
AKI, 

◼Polyuria – urinary concentrating defect will present with polyuric AKI





Investigations 

1. Electrolytes:

Urea and creatinine

◼Hyperkalemia

◼Hyponatremia 

◼Hypocalcemia 

◼Hyperphosphatmeia 

2-VBG ( high anion gap metabolic acidosis)

3-CBC (Hb and platelet count)



◼ Blood smear:schistocytes of HUS

◼ Complements, ASOT,ANA,antiDNAs,ANCA,

◼ Uric acid in tumor lysis syndrome 

◼ Renal biobsy



Investigations

◼ Urinary Na,urine osmolarity

◼ FeNa=(Una X   Pcr )/( Pna XUcr) X 100%

◼ FeNa < 1% in prerenal,2-3% renal

◼ FeNa unreliable in diuretics,neonate

◼ High in bartter,CRD.



Investigations 
4-Urinalysis

◼ Hematuria /RBC cast

◼ Proteinuria (tubular,glomerular) 

◼ WBC casts, eosinophiluria

◼ crystals

◼ myoglobin 

◼ Muddy  brown granular,tubular epithelial casts in ischemic,nephrotoxic ATN

◼ Sp gravity

◼ 5.Renal ultrasound/doppler



Role of U/S in renal  failure

ultrasound

Dilated PCS Large,echogenic kidneys
Small kidneys or  cysts

ARFObstruction CRF



Prerenal or intrinsic ??



There are no effective medications for 

established AKI.

◼ prevention and early detection are the 

mainstays of management. 

◼ Monitoring high-risk patients and reducing 

additional risk factors can prevent the 

occurrence of AKI and improve outcomes

Management of AKI in Children 



Management of AKI in Children 

The basic principles of the general management of the child with 
AKI are mostly supportive, and  include:

◼Specific treatment of the underlying cause 

◼Fluid management  ; is important to maintain adequate renal

perfusion through fluid and hemodynamic management

◼ Electrolyte management

◼Treat acidosis by sodium bicarbonate

◼Nutritional support

◼Adjustment of drug dosing and avoid nephrotoxic medications

And 

◼Renal replacement therapy



Fluid management

◼ Accurate initial assessment is required to determine if 

the child is hypovolemic, euvolemic, or hypervolemic, 

and guides initial fluid management.

◼ Although volume depletion is a well-known risk factor for 

AKI, volume overload is associated with poor prognosis

◼ The pediatric literature suggests that 10–20% fluid 

overload is a critical threshold at which outcomes are 

negatively impacted



Fluid management

Hypovolemia:

If the physical exam and clinical history is 
consistent with dehydration and fluid loss :

◼give  N/S 0.9% bolus (10 to 20 mL/kg over 30 
minutes, can repeat x3) 

◼If still no UOP…. Bladder catheterization 

◼Maintaining optimal blood pressure is 
crucial in critically ill children



Fluid management

In euvolemic

◼If presentation euvolemic , Or if after first 
resuscitation for hypovolemia the patient responds 
well with good UOP :

◼Can challenge with diuretic (Furesemide )

◼Use insensible fluid (400 mL/m2/day) 

plus urine output

◼Replace with ½ N/S every 6hr over 6h  



Fluid management

◼ Hypervolemia:

◼ signs of fluid overload (edema, heart failure and 
pulmonary edema) requires further restriction and  
fluid removal

◼Furosemide trial 

◼Restrict fluids to insensible without replacement 

◼If no response or unstable patient and fluid 
overload >20%.......

Renal replacement therapy (RRT) should be considered







Hypertension
Several contributing factors may cause 
elevated blood pressure:

◼fluid overload  

◼renin-mediated hypertension ,especially in 
children with glomerulonephritis.

- Initial management is typically 
administration of a diuretic.

- CCB initial choice ,



◼ Hyponatremia:dilutional,fluid restriction

◼ Na < 120, Tx  with hypertonic saline= 
(125-measures) X .6 X wt over 2-4 h.

◼ High PO4,low Ca:diet 
restriction,phosphate binders



Renal replacement therapy
◼ Fluid overload that is unresponsive to diuretics 

Cannot provide adequate nutrition  

◼ Hyperkalemia unresponsive to medical therapy

◼ life-threatening complications due to fluid 

overload such (pulmonary edema, heart failure, 

and hypertension,encephalopathy,pericarditis )

◼ Severe metabolic acidosis not responding to 

therapy







Chronic Kidney Disease 

• Definition :

The Kidney Disease Outcomes Quality 

Initiative (KDOQI) working group of the 

National Kidney Foundation (NKF) defined 

chronic kidney disease as "evidence of 

structural or functional kidney abnormalities 

(abnormal urinalysis, imaging studies, or 

histology) that persist for at least 3 months, 

with or without a decreased GFR.”



Calculation of GFR

GRF= height x k /creat in mg/dl ml/min/1.73 

m2 

Modified schwartz formula.           k .0.413



Staging of CKD 





Etiology 

Main causes of  CKD in children include :

• 1.Structural congenital malformations 

(CAKUT) as VUR,obstructive

uropathy,dysplasia

2. Glomerulonephritis as FSGS

3. Hereditary nephropathy 

ARPCKD,hyperoxaluria,Alport
“





Clinical Presentation

Asymptomatic

Anorexia,lethargy,vomiting

Polydipsia,polyuria,enuresis

Anemia

FTT

Bone osteodystrophy

In GN present HTN,edema,hematuria





Pathophysiology of CKD
Once chronic kidney disease develops, the  

response of the failing kidney is similar. 

• The kidney initially adapts to damage by 

increasing the filtration rate in the remaining 

normal nephrons (adaptive hyperfiltration).  

So patients with mild CKD often have  near-normal 

serum creatinine.

• the serum sodium, potassium, calcium, and 

phosphorous and total body water remain within 

the reference range, particularly among those 

with mild stages of CKD. 



Pathophysiology of CKD
Adaptive hyperfiltration is initially beneficial, 

but at the long run  it will damage the 

remaining glomeruli: 

• Proteinuria

• progressive kidney insufficiency. 

This irreversibility appears to be responsible 

for the development of end-stage kidney .



Progression to ESRD

◼ About 70% of children with chronic kidney 

disease develop ESRD by age 20 years.

◼ Children with ESRD have a 10-year 

survival rate of about 80% 

◼ age-specific mortality rate of about 30 

times that seen in children without ESRD.

◼ The most common cause of death in 

these children is cardiovascular disease, 

followed by infection.



Progression 
◼ The rate of progression depends on the 

primary diagnosis, ( GN vs non GN )

and on successful early follow up and  

preventive measures to control some factors that 

are unrelated to the activity of the initial disease:

• Anemia

• Systemic and intraglomerular hypertension

• Proteinuria

• Metabolic acidosis,

• Hyperlipidemia

• Hyperphospahtemia



Complications
◼ Volume overload

◼ Hyperkalemia

◼ Metabolic acidosis

◼ Hypertension

◼ Anemia

◼ Bone disease (CKD-MBD )

◼ Cardiovascular disease( LVH, pericarditis)

◼ Anorexia, nausea, vomiting

◼ Short stature & FTT

◼ (CNS) abnormalities ( lethargy to seizures, 

coma)



Investigation

Investigations:CBC,iron studies as 

ferritin,serum iron,TIBC (Calculate TSAT)

Electolyte,urea ,creatinine, 

biocarbonte,Ca,PO4,,PTH,vitamin D

Urine protein/creatinine ratio,lipid profile



Anemia

Erythropoietin Deficiency

Blood loss (HD lines,GIT losses due to impaired 

platelet function)

Decreased RBC survival

Hyperparathyroidism decrease BM production.

Iron deficiency

Vitamin B12,folate deficiency

Inflammation,infection



Clinical effects of anemia

Systemic symptoms of fatigue,loss of 

appetite,decrease exercise tolerance

Evaluation:CBC,,ferritin,iron,TIBC

TSAT:Iron/TIBC should be >20%

Target Hb levels based on KDOQI guidelines is 

between 11-12

Treatment by recombinant erythropoietin and iron 

supplements



Renal osteodystrophy/ CKD-mineral and bone 

disorder” 

◼ Reduced 1,25 OH vit D impairs intestinal Ca absorption 

leads to low Ca and increase PTH   that  stimulates 

1hydroxylase  to  increase Vit D level

◼ High phosphate stimulate PTH

◼ phosphate is also a strong vascular toxin either in its own right 
or through its effect on PTH and FGF 23 (which causes decrease 
in active form of vit D)  

◼ Symptoms : bone pain ,skeletal deformities 

,fracture,bowing





CKD-mineral and bone disorder (CKD-
MBD.



Treatment of renal bone disease

1-Control phosphate level:

• Restriction of phosphate intake 

• Give phosphate binders (calcium based )

2-Add active Vit D when phosphate level is controlled to help control 

2ry hyperparathyroidism.

Check

• calcium , phosphorous levels monthly 

• Check PTH every 3 months recommend targeted levels of serum intact 
PTH in stage V disease to be 200-300 pg/mL.

• 25(OH) Vit D and  1,25(OH)2 Vit D if needed 

• The serum levels total calcium should be maintained within the reference 
range for the laboratory used. 

• The serum calcium-phosphorus product should be maintained at less than 
55 mg2/dL in adolescents. 



Metabolic Acidosis 

◼ In children, overt acidosis is characteristically 

present when the  (eGFR) is less than 30 

mL/min per 1.73 m2 (stage IV). 

◼ The acidosis in chronic kidney disease in 

children can be associated with an increased 

anion gap.

◼ Treat by supplementing sodium bicarbonate to 

maintain HCO3 range around 22 mmol L



Hypertension 
◼ Hypertension is a highly significant and 

independent predictor for progression of chronic 

kidney disease (CKD) in children.

◼ The optimal target blood pressure is 

recommended to be below the 90th percentile 

for age. 

◼ Angiotensin-converting enzyme (ACE) inhibitors 

and angiotensin II receptor blockers (ARBs) 

have benefit in patients slowing the rate of 

progressive renal injury, and controlling 

proteinuria  



Other issues with CKD in 

children 

Nutrition

Children should take recommended energy 

and protein requirements

Growth retardation in CKD children 

feeding issues 

growth hormone supplement



Cardiovascular disease 

Left Ventricular Hypertrophy :

• Both hypertension and anemia are 

associated with LVH in chronic renal 

disease.

• Treatment of each condition causes 

regression of LVH in chronic renal 

disease. 



Renal Replacement Therapy 

◼ HD

◼ PD

◼ CRRT

◼ Transplantation

◼ There is no definite evidence that one dialysis 

modality is superior to another in terms of 

outcomes in AKI










