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Chapter 9:

Acronyms

BUN  Blood Urea Nitrogen

CKD Chronic Kidney Disease 

KUB Kidney Ureter Bladder Ultrasound 

Mps Malaria Parasites 

PD Peritoneal Dialysis 

UTI Urinary Tract Infection 

Nephrology
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Acute Kidney Injury

Stages of acute injury

Stage Serum creatinine (SCr) criteria Urine output criteria

1 Increase 
increase 

2 12 hours 

3

Increase  

of stage
for 12 hours 

Estimated (e)GFR can be calculated using the formula below: 
Counahan-Barrat height formula for calculating eGFR in children

Normal ranges of eGFR in children 
Age Mean eGFR ( ml/min/1.73/ m2 Range 
Birth 20
7 days 40 25-60
1 months 50 30-70
6 months 75 40-100
12 months 115 65-160
2-12 years 125 90-165

N
EP

H
RO

LO
GY



262

Malawi Paediatric Non-Communicable Diseases Management Guidelines 2025

Causes/risk factors of AKI
Types Causes/risk factors

Pre-renal 
cutanous losses)

Renal – 
structural 
damage to 
the renal 
parenchyma

Acute Tubular Necrosis

Rapidly Progressive Glomerulonephritis

Acute Interstitial Nephritis

Tubular Obstruction

in children) e.t.c.

Post-Renal or 
obstructive – 

Obstruction/hydronephrosis

Prevention/promotion 

Symptoms and signs

•
•
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•
•
•
•

Investigations 

Blood culture if febrile

Monitoring

•
•
•
• Daily weight

Remember to adjust the daily input and medication dose based on the 
patient’s current weight and kidney function!

N
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H
RO

LO
GY

Management 

Primary level 
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Secondary level 

anur

Tertiary level 

dieticians.

Fluid management 

Di

failure. Start inotropes 

In a patient with pulmonary oedema plus oliguria/anuria, d

Insensible losses calculation: 
Neonate and young infant – 30-40ml/kg/day
Older children – 25ml/kg/day (400ml/m2/day)

If a patient has normal hydration and oliguria
•

•

•
If the patient is normally hydrated with normal urine output:

•
If the patient is in shock:
If the patient has polyuria with urine output >4ml/kg/hour:

•
•
•
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If the patient has polyuria with urine output >4ml/kg/hr:

Nutritional support
H
tube is needed

Daily

Carbohydrate - 2-3 g/kg/day

Electrolyte and acid base management 

Manage hypertension 

If 

Manage any concurrent infections and avoid nephrotoxic drugs 

drugs
St
the risk  

Avoid nephrotoxic or renally excreted medicines e.g. NSAIDS, aminoglycosides, 
vancomycin, cough and cold mixtures, radio-contrast drugs 

Manage uraemic convulsions 
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Renal replacement therapy (RRT)

Peritoneal dialysis (PD)

Involve palliative care team from the onset if considering RRT!!!

Follow up 
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Chronic Kidney Disease (CKD)

2 

Staging of chronic kidney disease (KDQOI)

Stage Estimated GFR (mL/min/1.73 m2) Features

1

2

3 30-59

4 15-29
5 End stage renal failure.

Risk factors/causes 

Takayasu arteritis

Diabetes

All patients presenting with risk factors must be screened for ckd!!

Promotion/prevention

Early screening and detection in patients at high risk of CKD
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Signs and symptoms 

Key points in history 

failure during episodes of an acute illness.

Hypertension 

Dysuria 

dysplasia. 
These patients lose the ability to concentrate urine. The patient will present with 

Bleeding tendency 

Investigations 
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CKD

Cardiac echo

No biopsy is indicated in cases of CKD

Management 

Primary level

suspected

Secondary level

Identify and treat the underlying cause of CKD

BP control

Daily weight 
Monitor input 
Monitor output 

Monitor Urine output

(infection risk)

Manage UTI with antibiotics 
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Tertiary level

Identify and treat underlying cause
Fluid Management

In a patient with pulmonary oedema plus oliguria/anuria:

calculation)

If a patient has oliguria, oedema and hypertension

the losses e.g. 

If the patient is normally hydrated with normal urine output:

If the patient is in shock:

Manage Chronic Metabolic Acidosis and Electrolyte Abnormalities

orally.  
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Manage and treat anaemia 

regularly

 . 

,

reached. 

potential candidate for renal transplant

Manage UTI with antibiotics

the risk  

Avoid nephrotoxic or renal excreted medicines e.g. NSAIDS, aminoglycosides, 
Vancomycin, cough and cold mixtures, radio-contrast drugs 

Provide Nutritional Support

,
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Do not restrict protein intake in all patients with CKD
,

water should be decanted twice during cooking. 

Note: Do not restrict salt intake in patients with salt- loosing 
nephropathies.

Provide Vitamin And Mineral Supplements 

If se

Manage dyslipidaemia in CKD 

Discuss with seniors before initiation. 

Provide Reno-Protective Treatment

drugs.



273

Malawi Paediatric Non-Communicable Diseases Management Guidelines 2025

N
EP

H
RO

LO
GY

Other Management Considerations

for dialysis)

Follow up 
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Nephrotic Syndrome

Causes /risk factors 

usually responds to corticosteroids)
Secondary 

Congenital/infantile (present at birth or in children less than 1 year) 

Prevention/promotion 

s  infections etc.    

Symptoms and signs
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Investigations 

Electrolytes

TB workup 

NOTE: 
with a paediatric nephrologist and histopathologist.

Please refer to the Nephrologist.

Management 
Hospitalise for initial therapy

Monitor urine output 

Nutritional support 

Primary level
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Secondary level

Treat intercurrent infection before starting steroids

steroid sensitive nephrotic syndrome

steroid sensitive late responder. Wean 

steroid resitant 
nephrotic syndrome.

For all patients taking steroids, monitor, check and manage complications of 

syndrome etc.)

prescribe calcium and vitamin D supplements for all children on steroids for 
nephrotic syndrome 

Do not use furosemide unless a child has signs of pulmonary oedema or respiratory distress

,

Spontaneous bacterial peritonitis
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Tertiary level

patient is passing urine) 

-dow prednisolone

-

Follow up

Term

Nephrotic-range 
proteinuria

or
2

or 2 

or or

or

(SSNS)

2 
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Steroid-resistant 

SSNS late responder

or

or fewer than 3 

Steroid-dependent 

(SDNS)
or

th rd

SSNS controlled on 
therapy 

or

SSNS not controlled on 
therapy 

or

Secondary steroid 
resistance
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Glomerulonephritis/Nephritic Syndrome

function.

Causes 

Primary glomerulonephritis (GN) 
Isolated kidney disease 

•
•
•
•

Secondary GN 

•
•

•
•
•
•
•

Risk factors 

Promotion/prevention 

Signs and Symptoms  
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Investigations 

Urine culture 

Blood cultures 

Kidney biopsy

arteritis 

Management 

Primary level

Secondary Level
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ideal
Diet 

OR

OR

OR

hospital

Tertiary level

high dose streroids 

Follow up
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Haemolytic Uraemic Syndrome (HUS)

Subtypes

Non STEC-HUS 

Risk factors/causes 

Shigella

Malaria 

Pregnancy

Hereditary 

Promotion/prevention

Signs and symptoms
Petechiae and easy bruising

Bloody diarrhoea  
Pallor 
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Follow up

Investigations 
Urine dipstick and urinalysis 

Urea and creatinine (raised)
Electrolytes

Blood culture 

Management 
Primary level

Secondary level

Tertiary level
Manage emergency conditions –
Transfuse blood transfusion

Transfuse Platelet 
bleeding
Supportive therapy 

•
•
•

•
Stop

Start
Provide 
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Electrolyte Imbalances

Hyperkalaemia

Risk factors/causes 

Parenteral nutrition e.g. TPN

Metabolic/respiratory acidosis

2

This is not a true 

Prevention/promotion
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Signs and symptoms 

conducted to ascertain the cause

cardiac conduction disturbances

ECG Tracing with Hyperkalaemia

Serum potassium Typical ECG appearance Possible ECG abnomalities
Mild 

Moderate 

Bundle branch blocks

Source: EpoMedicine
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Investigations

BUN and creatinine

Palpitation and syncope

Management 
Primary level

Stabilise the patient and refer 

Secondary level

Tertiary level

1.a .

1.b

Do not

1.c . Decrease extracellular potassium levels with 
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• -

necessary)

1.d Treat metabolic acidosis 

1.e Reduce potassium body stores by
Peritoneal dialysis

Treating the underlying cause
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Hypokalaemia

Risk factors/causes

Pyloric stenosis 
Pancreatitis  

Urinary losses

Pyelonephritis
Tubulopathy etc. 

Drugs 

Decreased intake
Malnutrition 

Metabolic alkalosis 

Insulin therapy 

Prevention/Promotion

tolerated  

Signs and symptoms 

Hypotension 

Cardiac arrest 
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Diagnosis 

analysis 
Blood urea nitrogen (BUN) and creatinine 

Management 
Primary level

Secondary Level

Tertiary Level

 plus

Do not exceed 0.2mmol/L/kg /h.

Example:

( ) + [ ] 

Dont give it as a pure infusion!

Emergency: Arrhythmias – call paediatric consultants for help
Discuss the patient with seniors 

Treat the underlying cause 
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Flow chart for management of hypokalaemia 
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Hypernatraemia

Risk factors/causes

Drought 

Profuse diarrhoea 

Urinary losses

Congenital hydrocephalus 

Hereditary Nephrogenic DI 

Nephronophthisis

kidney disease

glucose
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In severe cases, e.g. salt poisoning, hypernatraemia causes 
demyelinating and irreversible neurological brain injury.

If clinical manifestation includes insensible losses, there will be 

Burns 

Diet 

Use of hypertonic saline 

Salt poisoning

Signs and symptoms 

Acute Hypernatraemia 
Irritability 

Weakness 

In young infants high pitched-cry 

Doughy skin 

Chronic Hypernatraemia

Investigations/Diagnosis   
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Urine electrolytes 

losses

Urine osmolality
> plasma osmolality

Urine osmolality
< plasma osmolality

Management 

Primary level 

Secondary level 

BUN and creatinine 
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Tertiary level 

takes precedence over correction of the hypernatremia

,

perfusion?

need to be considered?

METHOD 1:

Current total body water x ([current plasma Na/140] - 1)

METHOD 2:

(4 mL/kg) x (weight in kg) x (desired change in plasma Na)

NOTE:
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plus 

Ongoing losses and maintenance needs

presentation. 

Monitoring
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Isotonic loss: 

During resuscitation: 

Clinical example:

Follow up
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Hyponatremia 

C
hours

Causes/risk Factors 

Hypotonic hyponatraemia

of a dilute urine)

Endocrine disorders 

release) 

Heart failure

Hyponatraemia without Hypotonicity
Increased tonicity
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Pseudohyponatraemia

Total parenteral nutrition (TPN) 

Promotion/Prevention 

bronchiolitis).

Signs and symptoms 

Acute hyponatraemia: 

Chronic hyponatraemia:

or irritability

Investigations

Urine dipstick
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Hyponatraemia and hypotonicity

Hyponatraemia and increased total body water (oedema)

Hyponatraemia and dilute urine

Psychogenic polydipsia 
Reset osmostat
Salt-losing nephropathy 

Plasma and Urine osmolality and Plasma tonicity measurement 

Plasma osmolality
It is the ratio

Posm  =  2  x  [Na] + [Glucose]/18 + Blood urea nitrogen/2.8

Posm  =  2  x  [Na] + [Glucose] + [Urea]

Urine osmolality

Uosm = 2 (Urine Na + Urine K) + Urine [Urea ÷ 2.8]

Uosm = 2 (Urine Na + Urine K) + Urine [Urea]

Plasma Tonicity 
It is the 

Plasma tonicity = 2 x [Na] + [Glucose]/18 

Plasma tonicity = 2 x [Na] + [Glucose] 

Management 

De
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Primary level

possible.

Secondary level

Treat the underlying cause 
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Tertiary level

Severe hyponatraemia (seizures, obtundation, and coma):

,

Identify and treat the underlying cause 
In cases where the patient has chronic hyponatraemia with acute exacerbation 
leading to symptomatic presentation then initiate therapy as for acute hyponatremia 
to increase serum sodium levels.

,

Follow up
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Calcium 

Normal ranges of calcium according to age 

Distribution of total serum calcium
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Hypercalcaemia

Mild hypercalcemia

Moderate hypercalcemia

Severe hypercalcemia

Risk Factors / Causes
Parathyroid-mediated

Non-parathyroid mediated 

dyspepsia

Endocrine disorders

Miscellaneous  causes

C
hydrolysed lactose.

Prevention/ Promotion  

Signs and symptoms 
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Disease (PUD)

death 

Investigations 

Blood culture

BUN and creatinine

Chronic kidney disease 

Pancreatitis 

Malignancies
Neonatal subcutaneous fat necrosis

Management  

Treat the underlying cause 

factors e.g. 
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Primary level

Secondary level

Initial lab work-

Urine work-up

Tertiary level

Initial lab work-

Urine work-up
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Hypocalcaemia 

in the body.

Causes/Risk factors 

Decreased PTH 

deposition in patients with Wilson disease etc.)

Hepatic dysfunction

D-dependent rickets type 2)

Drugs 

drugs

Prevention/Promotion  
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Health education 

Signs and symptoms 

dentition and dry skin.

Investigations 

Cranial USS
Cardiac ccho
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Calculation of corrected calcium

The corrected calcium = 8mg/dL + (2x 0.8 mg/dL) = 9.6 mg/dL (2.4 mmol/L) which is norma

Management 

Primary level

Secondary level

,

doses

Tertiary level

,
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doses

doses orally with feeds. 

secretion

,
three doses.
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Follow up
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Magnesium

Hypomagnesaemia

Causes/Risk factors

Medications 

Post-kidney transplantation

Health promotion 
Health education 

Signs and symptoms 
Neuromuscular manifestations

Cardiovascular manifestations 
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Sepsis 

Malabsorption disorders 

Investigations 

wasting

Calculation of FEMg

Management 

Primary level

Secondary level
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Tertiary level

Follow-up
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Hypermagnesaemia

Causes/risk factors 

Prevention/Promotion

Signs and symptoms 

Investigations 

Electrolytes and CMP

neuropathy

Inborn errors of Metabolic disorders

Management 

Primary level

Secondary/tertiary

Follow up  
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Phosphate

Hyperphosphataemia 

Causes/risk factors 

CKD with phosphate retention 

Promotion 

Signs and symptoms 

2 

Investigations 

CKD 
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Management 

Primary level

Secondary level

Tertiary level

-

Do not use the following phosphate binders in patients with CKD: 

Follow-up 
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Hypophosphataemia

Causes/Risk factors 

Prevention/ Promotion  

Signs and symptoms 
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Investigations 

Management 

Primary level
Stabilise the patient and refer 

Secondary level

Stabilise the patient and refer 

Tertiary level

.

Follow-up 
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Renal replacement therapy (RRT)

kidney function is transiently or persistently lost. 

Indications 

Modalities of RRT 

Kidney transplantation

Prevention/ Promotion

Contact nephrologist and/or a pharmacist for all medication dosing and 

A. Peritoneal Dialysis (PD)

Basic Principles of peritoneal dialysis

paediatrician and a paediatric nephrologist 
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Procedures in PD

(anti-septic procedure)

Initiation of dialysis 

Complications of peritoneal dialysis 

Peritoneal dialysis-associated peritonitis

Catheter blockage

Frequently examine the peritoneal dialysis catheter and exit site for signs of infection.
Signs of infection include swelling and erythema around the catheter tunnel and exit 

site and purulent/ pus drainage at the exit site. Consider ultrasound for a more detailed 
assessment if infection is suspected.

Peritoneal dialysis-associated peritonitis 

Risk factors

training

infection 

Prevention

procedures etc.
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Signs and symptoms

Investigations

Start empiric antibiotic therapy for presumed peritonitis in all patients with cloudy 

Clinical features of peritonitis

Management

Tertiary level
-

B. Haemodialysis
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Basic principles

Procedure 

Complications of haemodialysis

In

suture

Hypotension and heart failure  
Increased bleeding risk caused by platelet dysfunction due to CKD and/or platelet contact with the 

catheter patency.  
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C. Renal transplant

Indications 

Contraindications

Malignancy in the past 2 years 

Diseases of the lower urinary tract
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Hypertension in children

th percentile 

categories
For children 1 to <13 years 

Normal BP

Elevated BP

OR

Stage 1 HTN

OR
lower)

Stage 2 HTN

OR

Risk factors
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Causes

Secondary HTN 

Causes of secondary HTN in children and adolescents 

Kidney disease
Pyelonephritis

Hydronephrosis

Kidney stones

Hypoplastic kidney
Polycystic kidney disease

Pharmacologic causes

Corticosteroids

Cocaine
Phencyclidine (PCP)

Nicotine
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Endocrine disease

Congenital adrenal hyperplasia

Vascular disease

Coarctation of the aorta
Patent ductus arteriosus

Neurologic causes
Increased intracranial pressure

Psychologic causes
Mental stress

Other causes

Tuberous sclerosis

Prevention/promotion  

Signs and symptoms

sleep disturbance
Bounding pulses on palpation 
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Unusual onset of hypertension especially in all children and adolescent patients 
Drug induced hypertension 

Signs and Symptoms Possible cause of hypertension

CNS

Hearing

Cardiovascular

Renal

kidney disease)

Skin
Thyroid dysfunction

Recent medical history

Medications

Substance use

Family history Essential hypertension

Sexual history

Neonatal history
catheters

Growth history
change in growth percentiles

Dietary history

Social history
school

Stress
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Distinguishing clinical features between primary (essential) and secondary pediatric hypertension

Clinical features Primary HTN Secondary HTN

Age:

Prepubertal

years of age
Postpubertal

Diastolic HTN
associated with secondary HTN

Nocturnal HTN
associated with secondary HTN

Overweight/obesity

Family history of HTN

HTN. polycystic kidney disease)

Symptoms of underlying 
disorder

Promotion/prevention
Early screening and detection 

public functions

blood pressures

Investigations

Identify any treatable condition contributing to HTN. See table on causes. 
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CMP 
Urinalysis

To assess if there is renal disease 

used. 

ultrasonography

be detected on a cardiac echo

A: Management of chronic hypertension in children and adolescents  

reduction of systolic and diastolic BP below the 90th percentile for 
age and sex or <130/80 in adolescents 13 years or older

Primary level
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Secondary level
Screen all cases for HTN 

Non-pharmacological management of hypertension

Pharmacological management of chronic hypertension for infants, children, and adolescents: 

and adolescents

channel blockers (CCB) 

kg/day.

Tertiary level

Non-pharmacological management of hypertension

Pharmacological management of chronic hypertension for infants, children, and adolescents: 

channel blockers (CCB) 

kg/day.
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Other management considerations:

the 90th

Secondary HTN

HTN with Chronic kidney disease (CKD)

Paediatric surgeons and other needed specialised care as indicated

support etc.

B: Management of acute severe hypertension

Hypertensive emergency

Hypertensive urgency: 
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Note: Symptoms or target organ damage is more important than the absolute BP level!!

Primary level

Secondary level

with paediatricians

Target BP systolic at 95th percentile for age and sex

prolonged and unpredictable action, risk of hypotension, and rebound hypertension.

The onset of action for other calcium channel blockers is too slow to recommend them for 
children with hypertensive urgencies.

Tertiary level

Hypertensive emergency
then
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the desired BP is reached
Start with the lower dose and titrate upwards according to response
Target BP systolic at 95th

or

or

Start with thelower dose and titrate upwards 

If no response to initial treatment above within 30 minutes:

treatment in patients with chronic hypertension

autoregulatory responses in circulatory beds of these organs.

Hypertensive urgency 

Management of chronic condition with hypertensive urgency 

failure in children.
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Follow-up 

clinic 
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