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Abstract
Voriconazole is the treatment of choice for invasive aspergillosis and its use is increasing in
pediatrics. Minimal pharmacokinetic data exist in young children. We report voriconazole
concentrations for 10 children less than <3 years of age and pharmacokinetic parameters for one
infant who had therapeutic drug monitoring performed. Trough concentrations were unpredictable
based on dose, highlighting the need to follow values during therapy.
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INTRODUCTION
Invasive aspergillosis (IA) is a major cause of morbidity and mortality in children with
compromised immune systems. The treatment of choice for IA in adults is voriconazole.1

The pharmacokinetics (PK) of voriconazole in children 2–11 years old exhibit dose
proportionality over the dosage range of 3–4 mg/kg every 12 hours and significantly lower
drug exposure when compared with adults based on area-under-the-curve values.2 Minimal
data exist in children aged younger than 2 years. Multiple factors affect drug clearance,
including age, cytochrome P4502C19 polymorphisms, hepatic function, and drug
interactions.

Studies in adults and older children suggest that voriconazole therapeutic drug monitoring
(TDM) may improve antifungal efficacy and safety. Voriconazole trough concentrations ≥1
mcg/mL have been associated with improved response to therapy and survival.3,4 Increased
adverse events have been associated with trough concentrations >5–6 mcg/mL.4–6 We report
a case of successful treatment of disseminated aspergillosis in a premature infant using
voriconazole and micafungin. We also summarize our experience with voriconazole TDM in
this infant with IA and 9 other children less <3 years of age.
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METHODS
We identified 10 children aged <3 years with proven or probable invasive fungal disease1

hospitalized at Duke University Medical Center (Durham, NC) or Primary Children’s
Medical Center (Salt Lake City, UT) from 2008–2010 who received voriconazole and had
voriconazole concentrations measured for TDM per standard of care. Voriconazole
concentrations were measured with high-performance liquid chromatography with
ultraviolet detection performed at FOCUS Diagnostics, Inc. (Cypress, CA) for the infant
described in the case report, with a lower limit of quantification (LLOQ) of 0.1 mcg/mL. For
the remainder of the patients, voriconazole concentrations were measured with solid phase
extraction followed by analysis with high-performance liquid chromatography with
ultraviolet detection performed at Duke University Medical Center, with an LLOQ of 0.2
mcg/mL. Voriconazole concentrations that were below the LLOQ were listed in the table as
half of the LLOQ.7

The institutional review board of Duke University Medical Center approved the study for
patients enrolled at that site. Written informed consent allowing use of identifiable
information for publication was obtained for the patient enrolled at Primary Children’s
Medical Center.

CASE REPORT
A male infant was born at 24 2/7 weeks’ gestation. Birth weight was 580 grams. He required
high-frequency oscillatory ventilation for the first 6 days of life (DOL) and was treated with
hydrocortisone for presumed adrenal insufficiency of prematurity and with ampicillin and
gentamicin for 7 days for presumed sepsis. On the seventh DOL, he developed necrotizing
enterocolitis with perforation of the small bowel and marked clinical deterioration. Broad-
spectrum antibiotics, including vancomycin, cefotaxime, and piperacillin/tazobactam were
started, and he underwent a laparotomy with resection of necrotic ileum and creation of an
end ileostomy.

On DOL 12, marked skin breakdown and exudative drainage was noted at the site of a right
antecubital, peripherally inserted central catheter. Upon removal of the catheter dressing,
there was a large soft tissue defect, measuring 2 x 2.5 cm, with muscle damage. In addition,
there were 3 small black lesions on the right palm. A black eschar was present on the
infant’s abdomen at the laparotomy incision site. Antimicrobial therapy was changed to
fluconazole, meropenem, and vancomycin.

On DOL 16, cultures from both the arm and abdominal wound sites grew Aspergillus
fumigatus. Initial antifungal therapy included liposomal amphotericin B 6 mg/kg every 24
hours IV and caspofungin 5 mg/kg every 24 hours IV. Due to continued clinical
deterioration, antifungal therapy was changed 48 hours later to voriconazole 9 mg/kg/dose
IV every 12 hours and micafungin 10 mg/kg/dose IV every 24 hours. An abdominal
ultrasound on DOL 17 revealed an echogenic mass measuring 8 x 9 x 8 mm within the left
lobe of the liver and small hyperechoic foci in both kidneys consistent with fungal disease.

Within 2 days of initiating voriconazole therapy, the arm and abdominal lesions improved
significantly, and the infant’s clinical status stabilized. A. fumigatus was isolated again from
abdominal wound cultures obtained on day 8 of voriconazole therapy, but cultures were
negative by day 28. After 6 weeks of antifungal therapy, the hepatic lesion measured 5 x 6 x
6 mm, and the kidney lesions improved. The arm lesion healed with minimal scarring and
complete re-epithelialization after 8 days of voriconazole. The infant completed a 12-week
course of combination antifungal therapy with voriconazole and micafungin. During
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voriconazole treatment, TDM was carried out 4 times. One dosing increase was made to
achieve a trough concentration >1 mcg/mL.

Liver function tests were monitored throughout the course of antifungal therapy.
Transaminases were unremarkable until 2 days prior to cessation of voriconazole. At that
time, both transaminases (range 100–400 U/L) and alkaline phosphatase (range 476–50 U/L)
became elevated and continued to be elevated for 6 weeks post treatment without a clear
etiology. The conjugated bilirubin was mildly elevated (0.7 mg/dL) approximately 3 weeks
after initiation of voriconazole and steadily increased throughout the duration of therapy
(max 6.0 mg/dL). The gamma-glutamyl transpeptidase became elevated 19 days after
beginning voriconazole therapy. The maximum value was 721 U/L after 5 weeks of therapy
and gradually decreased after this. Three months after discontinuation of voriconazole, the
transaminases, bilirubin, and alkaline phosphatase almost normalized.

The infant was discharged from the hospital at 6 months of age, without recurrence of fungal
disease.

RESULTS
TDM data for the infant described above were combined with data from 9 additional
children receiving voriconazole. When treatment was started, patients ranged in age from 2
weeks to 35 months, with a median age of 17.5 months (see table, Supplemental Digital
Content 1). Four patients had proven fungal disease, and 6 had probable fungal disease.
Three patients died, although no deaths were directly related to fungal disease. One patient
received a concomitant medication (phenobarbital) that could have decreased voriconazole
concentrations via hepatic CYP450 enzyme induction.8

Dosing regimens ranged from 3.4–14.7 mg/kg/dose every 12 hours. Thirteen voriconazole
concentrations (in 8 patients) were measured while patients were receiving IV dosing, and 5
(in 4 patients) were obtained during oral dosing. Two patients (patients 8 and 9) had levels
measured both during IV and oral therapy. The majority of patients received both
formulations during their course of treatment. However, insufficient data exist in this cohort
to compare trough concentrations obtained on IV and oral therapy.

Eighteen plasma voriconazole concentrations were measured, of which 17 were troughs.
Most voriconazole concentrations (89%) were obtained after ≥3 voriconazole doses, and 12
(67%) concentrations were obtained after ≥10 doses (5 days) of therapy at the same dose as
recommended by the manufacturer.9 Although the half-life of voriconazole in patients <3
years of age is unknown, based on prior pediatric PK studies,2 it is probable that our subjects
were at steady state after 3 voriconazole doses, although this should be interpreted with
caution as voriconazole half-life is dose-dependent and demonstrates non-linear elimination
in children over higher dosing ranges.10

Trough concentrations ranged from 0.1–3.2 mcg/mL, with only 3 (18%) trough values ≥1
mcg/mL. These were associated with body weight-normalized voriconazole doses of 5.3,
6.1, and 6.9 mg/kg per dose after ≥10 doses. Figure 1 shows the relationship between
observed voriconazole trough concentrations (mcg/mL) and weight-normalized (mg/kg)
voriconazole dose. There was no correlation between dosage and trough concentrations;
likewise, there was no correlation between age and trough concentrations.

Eight patients had their voriconazole dose increased (total of 10 dosing increases made).
One patient had his/her medication changed from voriconazole to fluconazole. All of the
voriconazole trough concentrations temporally related to dosing changes were ≤1 mcg/mL,
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except for one level of 1.6 mcg/mL. Most patients did not have follow-up trough
concentrations measured following dose changes.

The neonate described in the case report was the only patient with >3 plasma concentrations
obtained. Using nonlinear regression, a 1-compartment model was fit to the data of this
subject (WinNonLin v.6, Pharsight Inc., Cary, NC). The PK parameters for this infant were:
volume of distribution 1045 mL/kg (coefficient of variation 56%), clearance 240 mL/h/kg
(coefficient of variation 41%), and half-life 3.0 hours (coefficient of variation 42%).
Clearance, half-life, and volume of distribution indices were obtained from the 1-
compartment model fitted to the observed data. Because plasma values were obtained during
different dosing intervals, the pharmacokinetic parameters represent an average over the
total treatment period.

Two patients (including the neonate in the case report) had substantial elevation of liver
enzymes during voriconazole treatment (as measured by aspartate aminotransferase, alanine
aminotransferase, and bilirubin). Of note, the infant described in the case report received
total parenteral nutrition, up to 2.3 g/kg/day of intralipids, for 67 of 78 days of voriconazole
therapy. In the other patient, liver dysfunction was associated with graft-versus-host disease
and ultimately death. Five patients had mild elevation in their transaminases, none
exceeding twice the upper limit of normal for age. No patient had voriconazole stopped due
to hepatic or other toxicity.

DISCUSSION
IA is a significant cause of morbidity and mortality in hospitalized children with impaired
immunity. Voriconazole is more effective than other therapies for IA in adults.1 Data are
lacking, however, regarding appropriate dosing strategies for young children; they are
therefore at risk for treatment failure or toxicity. We present limited data from 10 patients
aged <3 years treated with voriconazole who underwent TDM. This is the largest series to
date describing voriconazole TDM in this young population. Although limited, these data
strongly suggest that TDM should be used in children <3 years of age who receive
voriconazole until additional data are available.

Based on several randomized trials, the 2008 guidelines of the Infectious Diseases Society
of America recommend voriconazole for IA in adults.1 Voriconazole use in children is
increasing, based on extrapolation from efficacy data in adults. In a recent large multicenter
retrospective review of pediatric IA, voriconazole was prescribed for more than half of
patients.11 However, published pharmacokinetic data for voriconazole in children 3 years of
age and younger is limited to 24 patients.3,12–20 Doses and dosing intervals varied, ranging
from 3.4 mg/kg/day to 23 mg/kg/day. Target voriconazole trough levels >1 mcg/mL were
difficult to achieve, and weight-adjusted doses that did achieve target concentrations varied
widely. These data are consistent with our experience that voriconazole concentrations are
highly variable and are difficult to predict based on weight-based dosing.

The factors contributing to the difficulty in achieving target voriconazole concentrations in
young children are poorly understood. One possible explanation is phenotypic differences in
CYP2C19 enzymatic activity because this is the major route of voriconazole elimination.2 In
young infants, this finding could be exacerbated by additional developmental changes
associated with CYP2C19 maturation that have not been fully described.21 Genetic
polymorphisms in a recently discovered voriconazole elimination pathway22 could also
account for some of the observed inter-individual variability in drug concentrations;
however, to our knowledge this has not been described. Another potential contributing
factor is differences in voriconazole protein-binding capacity between young children and
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adults and among children as they age. However, because voriconazole is not highly protein-
bound, substantial changes in this binding capacity or in the protein – drug-binding
dynamics (nonlinear protein binding) would have to occur to observe an effect in the dose-
exposure relationship. Lastly, underlying disease has been identified as a factor influencing
voriconazole disposition in children.23 The mechanism for this association has not been
described — it may be related to drug interactions or disease acuity in children with
different underlying conditions.

Common side effects of voriconazole include visual disturbances, rash, and mild, reversible
hepatitis.24 The visual disturbances caused by voriconazole are associated with reversible
electroretinogram tracing alterations,24 and the safety of voriconazole in very young patients
with developing retinas is unknown. Liver dysfunction in patients receiving voriconazole
may be multifactorial and related to comorbid conditions and concomitant medications with
liver toxicity.24 However, concerns exist that increased voriconazole values may be related
to elevated transaminases.24 One study showed an increased association between
neurotoxicity (reversible encephalopathy) and voriconazole trough concentrations ≥5.5 mcg/
mL, but no correlation between severe hepatic toxicity and drug levels.4 Due to the
retrospective nature of this study, laboratory data for many of our patients are limited, often
obtained only on the day of the voriconazole concentration. Therefore, we are unable to
comment upon a potential relationship between voriconazole concentration and serum
transaminase values in our patients. Moreover, none of the trough concentrations obtained
were in the toxic range (and all but 2 were ≤1 mcg/mL).

Limitations to our study include the retrospective study design, small number of patients,
few patients with measurement of multiple drug levels, trough values not always obtained at
steady-state, and a heterogeneous patient population with complex comorbid conditions. For
subjects 1 through 9, voriconazole administration times were obtained from nursing
documentation on the medical record.

Despite these limitations, these data support several conclusions regarding voriconazole
dosing in children <3 years of age: 1) weight-based dosing did not reliably predict plasma
trough concentrations, emphasizing the need for additional population PK studies in very
young children and infants; 2) higher doses are needed in young children to achieve serum
trough concentrations ≥1 mcg/mL; and 3) this study underscores the importance of TDM in
young children receiving voriconazole and the need to follow levels during therapy. Given
the difficulty in achieving target serum concentrations and the significant morbidity and
mortality of IA in these very young patients, therapy with 2 active antifungal agents could
be considered until target voriconazole trough concentrations are achieved.
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FIGURE 1.
Relationship between voriconazole dosage and trough blood concentration by subject age
(represented by data points; in months).
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