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Ab s t r ac t​
Formulations of amphotericin B have come a long way since it was initially discovered. Studies of antifungals in the pediatric age-group are 
limited to those for cutaneous fungal infections. There are a few studies on the pharmacokinetics and safety of amphotericin B, and most dosage 
recommendations are extrapolated from adult data. A review of its use in the treatment of invasive fungal infections in neonates, children, 
and adolescents is the focus of this article.
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In t r o d u c t i o n​
Nystatin was the first antifungal used in humans.1 That was in the 
year 1950, 285 years after thrush was recognized as a fatal disease. 
Fungi being eukaryotic like humans and unlike the prokaryotic 
bacteria need to be treated with drugs that act on the organism 
without affecting the infected human cell. The process of product 
characterization, and optimal drug formulation to overcome 
this hurdle has resulted in great delay in the development of 
antifungals.

The treatment of critically ill preterm babies, term neonates, 
and children in NICUs and PICUs; need for invasive procedures in 
these settings; increased use of very broad-spectrum antibiotics; 
organ and bone marrow transplantations; immunosuppression 
due to HIV and childhood cancer; and survival of children with 
primary immunodeficiency has resulted in large number of 
invasive fungal infections (IFI);2–6 necessitated study of antifungals 
in children and amphotericin B, the oldest antifungal used for IFI 
in neonates and children, got its share. Most recommendations 
for dosing of antifungals in pediatrics are extrapolated from 
adult studies. However, the pathogenesis of fungal infections 
and pharmocokinetics, safety, and efficacy of antifungals are 
significantly different in neonates and children, and these 
differences need to be addressed when formulating treatment 
regimens in this population.

Pharmacologic Characteristics of Antifungals in 
Neonates and Children
Studies have demonstrated nonlinear relationship between size 
of the patient (weight of the neonate or child) and absolute value 
for clearance of an antifungal for a given weight.7 This means that 
drug exposure and hence dosing would change in a nonlinear way 
across a range of weights, and therefore recommendations for 
dosing in neonates and children should preferably not be based 
on adult data. Examples of pharmacokinetics of amphotericin 
B lipid complex, micafungin, and fluconazole highlight this 
phenomenon.

Furthermore, pharmacokinetics of drugs change with the 
maturity of hepatic clearance mechanisms and renal function 
which is especially rapid in neonates; they also have less adipose 

tissue and more total body water—all of which could affect dosing 
guidelines.

Dosing Strategies
A number of dosing strategies have been tried of which probably 
the most accurate is that which is based on surface area of the child; 
assessment of surface area of newborn child is difficult and often not 
accurate. The dosages of amphotericin B have been recommended 
on a “mg/kg−​1” basis (Table 1) which carries a significant risk of 
underdosing in neonates and children if the reference dose is the 
adult dosage.

Mechanism of Action of Antifungals Used in IFI with 
Emphasis on Amphotericin B
The antifungal drugs are classified into 3 groups—antifungal agents 
acting on plasmatic membranes (azoles, polyenes), drugs acting on 
synthesis of nucleic acids (5-flucytosine), or those acting on fungal 
cell walls (echinocandins).8

Amphotericin B acts by binding to ergosterol in the cell 
membrane of most fungi. After binding with ergosterol, it causes the 
formation of ion channels leading to loss of protons and monovalent 
cations, which results in depolarization and concentration-
dependent cell killing.9,10 Oxidative damage, formation of free 
radicals, and increased membrane permeability and stimulation 
of phagocytic cells also assist in the clearing of fungal infections.

The half-life of amphotericin B is from 24 hours to 15 days.
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Indications for Use of Amphotericin B in Children

•	 Invasive candidiasis—It is effective against the majority of the 
Candida species, including Candida albicans, Candida krusei, 
Candida tropicalis, and Candida parapsilosis.

•	 In neonatal candidiasis, conventional amphotericin B is less toxic 
than in adults and well tolerated.

•	 Opportunistic fungal infections in immunocompromised 
children, including HIV9,11

•	 Life-threatening fungal infections in both normal and 
immunocompromised hosts.

•	 Empiric treatment in a persistently febrile neutropenic host.
•	 Cerebral cryptococcosis along with flucytosine for induction 

therapy12

•	 Based on their superior safety and efficacy, lipid formulations 
of amphotericin B have become the standard treatment for 
mucormycosis13

•	 Severe cases of sporotrichosis: The treatment of choice for 
most cases is amphotericin B and subsequent itraconazole for 
maintenance therapy.14

•	 Coccidioidomycosis and paracoccidioidomycosis, especially in 
severe disease15

•	 The Infectious Diseases Society of America guidelines in 2007 
recommended itraconazole for mild-to-moderate infection and 
amphotericin B for severe histoplasmosis.16 Amphotericin B is 
also being used a stepdown therapy for recurrent pulmonary 
histoplasmosis17 and for treating progressive disseminated 
histoplasmosis in people living with HIV.18

•	 Amphotericin B is usually recommended for severe blastomycosis 
in the lungs or infections that have spread to other parts of the 
body.19

•	 Aspergillosis for salvage therapy in cases not responding to 
voriconazole10

•	 Visceral and cutaneous leishmaniasis9

Table 1: Dose of various preparations of amphotericin B in neonates and children (7)

Drug Formulation Adult regimen Neonatal regimen Pediatric regimen Current EMA license
Amphotericin B Amphotericin B 0.6–1 mg kg−​1 daily 0.5–1.5 mg kg−​1 0.6–1.5 mg kg−​1 daily Severe systemic and deep fungal 

infections.Deoxycholate
i.v. injection

Amphotericin B Liposomal 
amphotericin B

3–5 mg kg−​1 daily 1–5 mg kg−​1 daily 1–5 mg kg−​1 daily •	 Ssevere systemic and/or 
deep mycoses

i.v. injection •	 Visceral leishmaniasis in 
immunocompetent children.

•	 Empirical therapy in 
presumed fungal infections 
in febrile neutropenia, 
not responding to 
recommended antibiotics 
and/or bacterial or viral 
illness not confirmed as 
cause

Amphotericin B Amphotericin B 
lipid complex

3–5 mg kg−​1 daily 1–5 mg kg−​1 daily 1–5 mg kg−​1 daily •	 Severe invasive candidiasis.

i.v. injection •	 Second-line drug for 
severe systemic fungal 
infections not responded to 
conventional amphotericin 
B or other systemic 
antifungal agents, in child 
with renal impairment, 
other contraindications to 
conventional amphotericin 
B, developed amphotericin B 
nephrotoxicity.

•	 Second-line drug for invasive 
aspergillosis, cryptococcal 
meningitis and disseminated 
cryptococcosis in children 
with HIV, fusariosis in 
immunocompromised 
child, coccidioidomycosis, 
zygomycosis and 
blastomycosis.
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Amphotericin B is the only agent in the polyene class of 
antifungals that is used for IFI. Amphotericin B deoxycholate, 
liposomal amphotericin B, amphotericin B lipid complex, and 
amphotericin B colloidal dispersion have all been used to treat 
invasive fungal infections in neonates and children.9,10,20 Most of 
these studies suggest that amphotericin B use in this age-group 
should be guided by the following principles:

•	 All amphotericin B formulations penetrate the CNS (but not the 
CSF), which is important for the treatment of hematogenous 
Candida meningoencephalitis (HCME). However, most 
experts still recommended the use of amphotericin B in this 
condition.21,22

•	 Amphotericin B does not achieve effective urinary concentrations 
and may therefore be ineffective for treatment of candiduria and 
renal fungal balls; however, low-dose amphotericin B may be 
useful as a second-line drug for Candida.

•	 Urinary tract infections in selected patients23 and amphotericin 
B bladder irrigation appears to be as effective as fluconazole for 
the condition, but it does not offer systemic antifungal therapy 
and should only be used for asymptomatic candiduria.24

•	 The pharmacokinetics of amphotericin B deoxycholate 
are exceedingly variable in neonates, and this may lead to 
unexpected treatment failure or toxicity.7

•	 Liposomal amphotericin B (L-AMB) is widely used in the treatment 
of invasive fungal infections in immunocompromised children; 
however, little is known about its safety and pharmacokinetics 
in this vulnerable patient population.25

•	 The lipid formulations of amphotericin B are increasingly used 
instead of amphotericin B deoxycholate, predominantly because 
of their more favorable safety profiles.

Other Issues that are Being Considered
It is extremely difficult to perform needle aspirations for culture in 
preterm low-birth-weight babies with fungal liver abscess. A report 
of Candida albicans hepatic abscess in a severely ill preterm neonate, 
being successfully treated with intralesional administration of 
L-AMPH-B (1 mg/mL, in isotonic water) is noted.26 More evidence 
of the safety of the procedure and its effectiveness in this condition 
needs to be available before recommending this line of treatment.

In case of central venous catheter and shunt-related candida 
infection, if these invasive devices are not immediately removed 
for any reason, micafungin should be preferred to other antifungal 
drugs such as amphotericin B or fluconazole, thanks to its ability to 
penetrate the biofilm that develops within the catheter.27

Administration28

IV Infusion
Amphotericin B deoxycholate (Conventional formulation)—50 mg 
vial with 10 mL water for injections to give a solution of 5 mg in 
1 mL. The displacement volume is negligible. This solution must 
then be further diluted to a concentration of 100 microgram in 1 
mL with glucose 5%. Concentrations up to 400 micrograms in 1 mL 
(unlicensed) may be used for fluid-restricted patients, provided 
administration is via a central line and by slow IV infusion over 
4 to 6 hours. The duration of the infusion may be reduced to a 
minimum of 2 hours if the 4- to 6-hour infusion is tolerated. It is 
important to begin the infusion immediately after dilution and 
protect the solution from direct light. Amphotericin B deoxycholate 
is incompatible with sodium chloride solutions. Flush existing 

intravenous line with glucose 5% or use separate line; an in-line 
filter (pore size no less than 1 micron) may be used.

Bladder Irrigation
Reconstitute a 50-mg vial of conventional amphotericin with 10 mL 
water for injection to give a 5 mg in 1 mL solution. Further, dilute 
2 mL of this solution to 100 mL with water for irrigation to produce 
a 100 μg in 1 mL solution or 1 to 100 mL to produce a 50 μg in 1-mL 
solution for instillation into the bladder.

Liposomal Amphotericin B
It is available as 50-mg powder for injection. The maximum 
permissible concentration (MPC), the maximum dose of a drug which 
can be diluted per mL of the diluent, for liposomal amphotericin 
B is 2 mg/mL for infants (small children: 0.2 to 0.5 mg/mL).  
Reconstitute 50-mg vial with 12 mL water for injections to give a 
solution of 4 mg in 1 mL. This solution must then be filtered, using 
the 5-micron filter provided into the diluent solution of glucose 5% 
only. Dilute to a concentration between 200 microgram and 2 mg 
in 1 mL. Administer as a slow IV infusion over 1 hour. The infusion 
may be administered over 30 minutes if well tolerated or over more 
than 1 hour if acute infusion reactions occur.

Contraindications28

Lipid formulations, particularly liposomal amphotericin, are less 
likely to cause severe side effects—still it is advisable to monitor 
for hypersensitivity to amphotericin or any constituents of the 
formulations. Renal impairment may occur, and discontinuation 
or reduction should be considered if urea or serum creatinine 
exceeds twice the upper limit of normal. Monitor serum 
potassium, magnesium, and phosphate as low serum levels may 
occur. Monitor LFTs and consider discontinuation if seriously 
deranged. Avoid concurrent nephrotoxic drugs, antineoplastic 
agents if possible, and also corticosteroids unless necessary to 
control drug reactions.

Side Effects28

Conventional Formulation
Acute infusion reactions are the most frequent adverse reactions 
such as fever, shaking, chills, nausea, vomiting, headache, dyspnea, 
tachypnea, gastrointestinal effects, muscle and joint pains, and 
pain at site of injection.

These reactions are most severe and occur most frequently 
with initial doses and often lessen with subsequent doses. Febrile 
reactions may be managed by IV administration of hydrocortisone 
but keep dose and duration to a minimum. Nephrotoxicity, to some 
degree, occurs in 85% of children. Hypokalemia, hypomagnesemia, 
renal tubular acidosis, nephrocalcinosis, and hyposthenuria may 
occur. Hyperkalemia and arrhythmias can result if administered too 
rapidly. Decreased creatinine clearance, reduction in glomerular 
filtration rate, and decreased renal blood flow are seen. Renal 
function generally improves within a few months, although some 
degree of permanent impairment may occur. Patients with higher 
serum low-density lipoprotein (LDL) concentrations may be more 
susceptible to renal toxicity. Less common renal toxicity reactions 
are anuria, oliguria, hematuria, urinary incontinence, and acute 
renal failure. Acute reactions, hypotension, fever, chills may occur 
within 2 hours. Amphotericin B Lipid complex may cause fever, 
rash, headache, hematological abnormalities, hepatotoxicity, and 
gastrointestinal abnormalities.
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Co n c lu s i o n​
Pediatricians, who prescribe amphotericin B, should be familiar 
with its administration and side effects. Three-fourth of children 
receiving amphotericin B could develop either infusion-related or 
renal toxicity. Administration of acetaminophen, diphenhydramine, 
and/or hydrocortisone prior to infusion may reduce infusion-
related side effects. Following infusion, the renal function requires 
monitoring.
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