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Abstract
Background—Invasive candidiasis is a leading cause of mortality and morbidity in neonatal
intensive care units. Treatment recommendations are limited by a lack of comparative outcomes
data.

Methods—We identified all infants ≤120 days of age with positive blood, urine, or cerebrospinal
fluid cultures for Candida sp. who received amphotericin B deoxycholate, fluconazole,
amphotericin B lipid products, or combination therapy admitted to 1 of 192 neonatal intensive care
units in the United States between 1997 and 2003. Primary outcome measures included overall
mortality and therapeutic failure (combined outcome of duration of infection >7 days, need for
additional antifungal therapy, or death prior to discharge). We compared outcomes by antifungal
therapy using logistic regression, controlling for gestational age, day of life at start of antifungal
therapy, delay in therapy, and site of infection.

Results—Overall, 138/730 (19%) infants died. On multivariable logistic regression, we observed
higher overall mortality for infants receiving amphotericin B lipid products compared with infants
receiving amphotericin B deoxycholate (OR 1.96 [95% CI: 1.16, 3.33]; p=0.01) or fluconazole
(OR 2.39 [1.18, 4.83]; p=0.02).

Conclusions—Infants treated with amphotericin B lipid products had higher mortality than
infants treated with either amphotericin B deoxycholate or fluconazole. This finding may be
related to inadequate penetration of amphotericin B lipid products into the kidneys, inappropriate
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dosing in premature infants, or unknown differences in acuity of illness in infants treated with
amphotericin B lipid products.

Keywords
invasive candidiasis; infants; amphotericin B deoxycholate; fluconazole; amphotericin B lipid
products

Invasive candidiasis is a leading cause of mortality and morbidity in neonatal intensive care
units (NICUs).1-3 In extremely low-birth-weight infants (ELBW, <1000 g birth weight), the
cumulative incidence of candidemia is 7% with an associated mortality of 30%.3 Among
survivors, invasive candidiasis frequently leads to significant morbidities including
neurodevelopmental impairment, chronic lung disease, and severe retinopathy of
prematurity.1,3 There are currently no FDA-approved antifungal therapies for infants <6
months of age with invasive candidiasis. As a result, management of Candida infections in
the NICU varies widely. A survey of neonatologists and pediatric infectious disease
specialists found that 88% prefer amphotericin B deoxycholate for treatment of invasive
candidiasis, but both fluconazole and amphotericin B lipid products (liposomal amphotericin
B, amphotericin B lipid complex, and amphotericin B colloidal dispersion) are widely used.4

Previous studies of outcomes following antifungal treatments in infants are limited to small
cohort or underpowered randomized trials.5-17 The largest cohort to date included 118
infants with invasive candidiasis, and, of the 2 randomized trials, the largest included 23
infants.5,6,15 Here we report clinical outcomes, including mortality, by antifungal therapy
from a large cohort of infants with invasive candidiasis.

MATERIALS AND METHODS
Data Source

We assembled a cohort of infants from a national electronic medical record database
managed by the Pediatrix Medical Group. The group coordinates prospective data collection
from NICUs using a computer-assisted tool that generates daily clinical progress notes. Data
are prospectively collected each day from admission until death or discharge. Collected data
are de-identified and sent to a common database, and on a monthly basis a subset of data
from a sample of 10–20% of the patients is reviewed and checked for greater than 95%
accuracy.

Study Design and Setting
We performed a retrospective cohort study of infants admitted to 192 NICUs in the United
States between 1997 and 2003 using a database managed by the Pediatrix Medical Group.
Analysis was limited to the years prior to 2004 as, after this point, the Pediatrix database no
longer distinguished amphotericin B lipid products from amphotericin B deoxycholate. We
gathered information on all Candida cultures from normally sterile body fluids (blood
obtained from central or peripheral sites, cerebrospinal fluid [CSF], and urine obtained by
sterile in-and-out catheterization) for each infant during the first 120 days of life. Infants
eligible for inclusion in this study had 1 or more positive Candida cultures and received an
antifungal agent for at least 1 day. Infants for whom treatment was started >7 days after the
first positive culture were excluded from the analysis. Multiple positive Candida cultures
within 21 days of each other were considered a single episode of candidiasis. We examined
only the first episode of candidiasis for all infants.
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Definitions
Monotherapy was defined as use of a single antifungal on the day on which the first positive
Candida culture was obtained. Combination therapy was defined as use of >1 antifungal on
the day on which the first positive Candida culture was obtained. For instance, if both
fluconazole and caspofungin were started 1 day prior to the culture and continued through
the day the culture was obtained, we considered this combination therapy. In these data, 3
antifungals were used as monotherapy: amphotericin B deoxycholate, amphotericin B lipid
products, and fluconazole. Caspofungin and flucytosine were used only in combination with
other antifungals and, therefore, were categorized as combination therapy. Overall mortality
was defined as death prior to discharge. Duration of candidiasis was defined by the time
between the first positive blood, urine, or CSF culture obtained and the last positive culture
for that episode of candidiasis. Prolonged duration of candidiasis was defined as duration of
candidiasis >7 days. Additional antifungal therapy added was defined as addition or change
in antifungal therapy during the time that cultures were positive for Candida. Therapeutic
failure was defined as the combined outcome of prolonged duration of candidiasis,
additional therapy added, or death prior to discharge.

Statistical Methods
The unit of observation for this analysis was the infant. Statistical significance for
unadjusted comparisons was calculated based on linear regression for continuous variables
and logistic regression for binary variables. We used logistic regression to evaluate the
effect of the antifungal agent on overall mortality and therapeutic failure. Negative binomial
regression was used to compare the impact of alternative treatments on the duration of
candidiasis. Cox regression was used to calculate hazard ratios for each therapy, and the
Schoenfeld residuals test was used to evaluate the assumption of proportional hazards. For
all regressions, we controlled for gestational age at birth (categorical: <26, 26–29, 30–33,
and >33 weeks), day of life at onset of infection (categorical: 0–7, 8–30, and >30 days),
delay in therapy (continuous: days) and site of infection (categorical: any blood, any urine,
and any CSF positive cultures).

STATA 11 (College Station, TX) was used to perform the statistical analysis. Significance
for all tests was established at p<0.05. Permission to conduct this analysis was provided by
the Duke University Institutional Review Board.

RESULTS
Demographics

Of 213,328 infants admitted to the NICU during the study period, 730 (0.3%) had a least 1
episode of candidiasis. The mean gestational age, birth weight, and day of life at the start of
antifungal therapy were 27 weeks (5th, 95th percentile: 23, 37), 1035 g (515, 2730), and 23
days (6, 59), respectively (see Table, Supplemental Digital Content 1). There were no
significant differences in the mean gestational age at birth between the cohorts of infants
that received amphotericin B deoxycholate, amphotericin B lipid products, fluconazole, or
combination therapy: 27 weeks (23, 37), 27 weeks (23, 38), 26 weeks (23, 32), and 28
weeks (23, 39), respectively (p=0.14). There were also no significant differences in the mean
birth weight between the cohorts of infants that received amphotericin B deoxycholate,
amphotericin B lipid products, fluconazole, or combination therapy: 1034 g (515, 2730),
1077 g (538, 3351), 948 g (503, 2075), and 1240 g (569, 2980), respectively (p=0.24). There
were no significant differences in the mean day of life that antifungal therapy was started
between the cohorts of infants that received amphotericin B deoxycholate, amphotericin B
lipid products, fluconazole, or combination therapy: 24 days (6, 60), 23 days (5, 60), 22 days
(7, 47), and 23 days (8, 70), respectively (p=0.88). Compared with whites, Hispanics were
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more likely to receive amphotericin B lipid products (p=0.001) and less likely to receive
fluconazole (p=0.006).

Only 124 (17%) infants had a serum creatinine reported within 1 day of starting antifungal
therapy. Mean serum creatinine was higher in infants receiving fluconazole (n=17) than in
infants receiving amphotericin B deoxycholate (n=83)—1.0 mg/dL (0.4, 3.6) vs. 0.7 mg/dL
(0.2, 1.5), respectively (p=0.02)—but not in infants receiving amphotericin B lipid products
(n=21) (0.8 mg/dL [0.3, 1.5]; p=0.21). There was no significant difference in mean serum
creatinine between infants treated with amphotericin B deoxycholate compared with
amphotericin B lipid products (p=0.32).

Treatment Outcomes by Infection Site and Antifungal Agent
The mean duration of all episodes of candidiasis was 5 days (1, 17) (Table 1). The mean
durations of candidiasis for those infants with isolated bloodstream (n= 474), urine (n= 152),
central nervous system (CNS) infections (n= 5), and multiple sites of infection (n=99) were
5 days (1, 16), 2 days (1, 10), 2 days (1, 6), and 10 days (1, 25), respectively. Duration of
candidiasis among infants with isolated bloodstream infections was higher compared to
infants with isolated CNS or urine infections—5 days (1, 16) and 2 days (1, 10), respectively
(p<0.001)—but lower compared to infants with multiple sites of infections (5 days [1, 16]
and 10 days [1, 25], respectively; p<0.001).

On multivariable regression, there was no difference in the duration of candidiasis for
infants treated with amphotericin B deoxycholate, amphotericin B lipid products,
fluconazole, or combination therapy (p=0.47) (Table 2).

The overall mortality for infants in our study was 19% (138/730) (Table 2). Approximately
half of all deaths (53%, 73/138) occurred within 14 days of the first positive Candida
culture, and close to one-third of all deaths (34%, 47/138) occurred within 7 days of the first
positive Candida culture. There were no significant differences in unadjusted mortality
between infants with multiple sites of infection, isolated bloodstream infections, and isolated
urine or CNS infections: 25% (25/99), 19% (88/474), and 16% (25/157), respectively
(p=0.17). There were only 5 cases of isolated CNS infections in our cohort, none of which
resulted in death.

On multivariable regression, mortality was higher in the cohort of infants treated with
amphotericin B lipid products compared with the cohort treated with amphotericin B
deoxycholate (29% vs. 18%; odds ratio [OR] 1.96 [95% confidence interval {CI}: 1.16,
3.33]) and compared with the cohort treated with fluconazole (29% vs. 16%; OR 2.39 [1.18,
4.83]) (see Table, Supplemental Digital Content 2). The mortality rates for fluconazole and
combination therapy did not differ significantly compared with amphotericin B
deoxycholate. Therapeutic failure (the combined outcome of death, prolonged duration of
candidiasis, or additional therapy) was also higher in infants treated with amphotericin B
lipid products compared to those treated with amphotericin B deoxycholate (47% vs. 38%;
OR 1.62 [1.00, 2.64]) (see Table, Supplemental Digital Content 2). Therapeutic failure was
higher but did not reach statistical significance when comparing the cohort treated with
amphotericin B lipid products to the cohort treated with fluconazole (47% vs. 40%; OR 1.34
[0.73, 2.46]). Therapy failure rates for fluconazole and combination therapy did not differ
significantly compared with amphotericin B deoxycholate.

Cox regression showed similar evidence of higher mortality in the cohort treated with
amphotericin B lipid products than in the cohort treated with amphotericin B deoxycholate.
Using amphotericin B deoxycholate as the baseline (hazard ratio [HR] =1.00), HRs for
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amphotericin B lipid product, fluconazole, and combination were 1.70 (1.10, 2.62), 0.87
(0.52, 1.45), and 0.64 (0.20, 2.03), respectively (Figure 1).

DISCUSSION
In the present study, only 0.3% of all infants (730/213,328) admitted to the NICU were
diagnosed with culture-proven invasive Candida infections. Current management guidelines
for neonatal candidiasis recommend removing any source of infection and antifungal
treatment with amphotericin B deoxycholate, and suggest treatment with fluconazole or
amphotericin B lipid products as alternatives.18 Amphotericin B deoxycholate is the most
commonly used antifungal for treating invasive Candida infections in infants,4,19 although
fluconazole, amphotericin B lipid products, and echinocandins such as caspofungin are
increasingly used.19

Current treatment recommendations for infants come from non-comparative, open-label
studies of invasive Candida infections in infants, which demonstrate efficacy with
amphotericin B deoxycholate,7 amphotericin B lipid products,10-13,20 and fluconazole.8,9

However, comparative outcomes data in infants are lacking and limited to small cohort
studies or underpowered trials.5,14,15,17 In this large retrospective cohort study, we observed
that monotherapy with amphotericin B lipid products was associated with higher mortality
compared to monotherapy with amphotericin B deoxycholate or fluconazole, and higher
rates of antifungal therapy failure compared to amphotericin B deoxycholate.

We observed significantly higher mortality in infants treated with amphotericin B lipid
products compared to fluconazole: 29% vs. 16%, respectively; adjusted mortality OR of
amphotericin B lipid products vs. fluconazole: 2.39 (1.18, 4.83). We observed a higher
incidence of therapeutic failure associated with amphotericin B lipid products that did not
reach statistical significance: 47% vs. 40% therapeutic failure, respectively; adjusted
therapeutic failure OR of amphotericin B lipid products vs. fluconazole: 1.34 (0.73, 2.46).
We also observed significantly higher mortality in infants treated with amphotericin B lipid
products compared to amphotericin B deoxycholate: 29% vs. 18% mortality, respectively;
adjusted mortality OR of amphotericin B lipid products vs. amphotericin B deoxycholate:
1.96 (1.16, 3.33). Furthermore, we estimated significantly higher therapeutic failure
associated with amphotericin B lipid products compared to amphotericin B deoxycholate:
47% vs. 38% therapeutic failure, respectively; adjusted therapeutic failure OR of
amphotericin B lipid products vs. amphotericin B deoxycholate: 1.62 (1.00, 2.64). These
findings differ from a small, single-center prospective cohort study in infants with proven
candidemia that found similar mortality rates in infants treated with different amphotericin
formulations.14 This prior study of 56 infants determined antifungal use by serum creatinine
levels because of concern for amphotericin B deoxycholate-associated nephrotoxicity.
Infants with serum creatinine <1.2 mg/dL received amphotericin B deoxycholate, and
infants with serum creatinine >1.2 mg/dL received either liposomal amphotericin B or
amphotericin B colloidal dispersion. Even though infants treated with amphotericin B lipid
products were smaller and younger than infants treated with amphotericin B deoxycholate,
mortality was similar between study groups.14 Our results also differ from previous large
randomized trials in adults and children that demonstrate similar efficacy for amphotericin B
lipid products compared with amphotericin B deoxycholate.21-24

We observed no difference in outcomes between amphotericin B deoxycholate and
fluconazole: 18% vs. 16% mortality, respectively; adjusted mortality OR of fluconazole vs.
amphotericin B deoxycholate: 0.82 (0.46, 1.47); 38% vs. 40% therapeutic failure,
respectively; adjusted therapeutic failure OR of fluconazole vs. amphotericin B
deoxycholate: 1.21 (0.76, 1.93). In a small, underpowered randomized trial of antifungal
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therapy in young infants (n=23), investigators also found no difference in mortality between
infants treated with amphotericin B deoxycholate and fluconazole (46% and 33%,
respectively; p=0.56).5

Worse outcomes with amphotericin B lipid products may be explained by the different tissue
distributions of amphotericin B lipid products compared with amphotericin B deoxycholate
and fluconazole. Invasive Candida infections in infants have a propensity to affect the CNS
and urinary tract.25 Several adult studies show fluconazole has excellent penetration into the
CNS and urinary tract, achieving CSF concentrations similar to serum levels and urine
concentrations 10–20 times higher than serum levels.26,27 There are few pharmacokinetic
data on amphotericin B formulations in infants and children, so tissue distribution is largely
extrapolated from preclinical and adult studies. Preclinical studies comparing kidney tissue
concentrations of amphotericin B formulations show amphotericin B lipid products achieve
lower concentrations in the kidneys compared with equivalent doses of amphotericin B
deoxycholate.28-30 In adult studies, liposomal amphotericin B achieves less kidney
penetration than amphotericin B deoxycholate.31 Preclinical studies of amphotericin B
formulation concentrations in brain tissue show liposomal amphotericin B achieves
relatively higher brain tissue concentrations than amphotericin B deoxycholate and other
amphotericin B lipid products,32 In infants, amphotericin B deoxycholate appears to have
improved CNS penetration compared with adults.7 A recent population pharmacokinetics
study of amphotericin B lipid complex in infants with invasive candidiasis found less drug
exposure in urine than amphotericin B deoxycholate and low or no detectable concentrations
in the CSF.33

Overall unadjusted mortality did not significantly vary by infection site: bloodstream-only
infections (19%), urine-only infections (16%), CNS-only infections (0%), and multiple site
infections (25%) (p=0.17). Our observation differs from a previous multi-center cohort study
of invasive Candida infections in ELBW infants, which found higher mortality associated
with multiple site infections (57%) compared with urine (26%) and bloodstream (28%)
infections.34 We included infants with isolated positive urine cultures as having invasive
candidiasis, but it is possible that these infants may have only been colonized with Candida.
We performed our analysis excluding infants with urine–only-positive cultures and observed
similar adjusted mortality and therapeutic failure ORs.

To our knowledge, this is the largest study comparing outcomes of antifungal therapies in
infants. Strengths of this study include population diversity from academic and community
institutions; recorded results of every blood, urine, and CSF culture obtained for each patient
during hospitalization; and ability to use multivariate analysis controlling for gestational
age, day of life at onset of infection, delay in therapy, and site of infection. Our results are
generalizable to young infants admitted to the NICU who develop invasive Candida
infections.

There are several limitations to this study that need to be considered. This is a retrospective
study and lacked clinical data regarding underlying illnesses; risk factors for invasive
candidiasis such as presence and removal of central venous catheter35; use of broad-
spectrum antibiotics36 and total parenteral nutrition; source of blood culture (central or
peripheral); Candida species; and cause of death. Our definition of duration of candidiasis is
limited by the fact that follow-up cultures were obtained per standard of care instead of
daily. An important limitation in any non-experimental outcomes study is confounding by
indication. Because amphotericin B deoxycholate is often the preferred first-line therapy and
amphotericin B lipid products are more expensive and have a narrower indication, there may
be a tendency to use amphotericin B lipid products in sicker infants. This may overestimate
the increase in mortality associated with amphotericin B lipid products. A recent study of
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antifungal utilization in infants with invasive candidiasis during part of our study period
showed the ratio of amphotericin B lipid product use to amphotericin B deoxycholate use is
increasing.19 It is unclear what is motivating the change in prescribing practices, but this
may suggest less heterogeneity in use of amphotericin B formulations. Furthermore,
amphotericin B deoxycholate and amphotericin B lipid product treatment groups did not
differ in mean gestational age at birth, birth weight, day of life at onset of infection, or
serum creatinine—important prognostic indicators in infants. We were unable to determine
whether more critically ill infants with higher serum creatinine were selected for
amphotericin B lipid products, as only 124 infants (17%) had serum creatinine reported
within 1 day of beginning treatment, and only 21 were treated with amphotericin B lipid
products. Due to concern for amphotericin B deoxycholate-associated nephrotoxicity, sicker
infants with higher serum creatinine may have been selected for amphotericin B lipid
products. We also lacked information on whether fluconazole administration was oral or
parenteral. Infants who received oral fluconazole may have been healthier at baseline
compared with infants receiving a parenteral antifungal agent. This would overestimate the
increase in mortality associated with amphotericin B lipid products compared with
fluconazole.

We lacked information to distinguish between the 3 amphotericin B lipid products;
therefore, our study did not assess differences between types of amphotericin B lipid
products. We grouped lipid products as 1 treatment category, although there may be
important differences between the lipid formulations, such as CNS penetration. Aggregate
efficacy estimates from open-label studies in adult and child populations treated for invasive
fungal infections show similar response rates between the 3 amphotericin B lipid products.24

Additionally, a previous multi-center prospective cohort study compared amphotericin B
formulations in 118 infants with proven invasive candidiasis and found no difference in
mortality rates between liposomal amphotericin B and amphotericin B colloidal
dispersion.15

Another limitation of these data was the lack of dosing information for each antifungal.
Inappropriate dosing may account for some of the observed differences in outcomes. While
dosing recommendations for amphotericin B deoxycholate and amphotericin B lipid
products have not changed since our study period, recent studies have evaluated the
pharmacokinetics of fluconazole for treatment of invasive candidiasis in young infants.37,38

The studies found that a higher than previously recommended maintenance dose is needed to
achieve therapeutic exposure (12 mg/kg vs. 6 mg/kg).37 As these fluconazole studies were
published after our study period, our data suggest that amphotericin B lipid products were
associated with worse outcomes compared to low doses of fluconazole.

In summary, this large multicenter cohort study provides new information on comparative
outcomes of antifungal treatment in infants with invasive Candida infections. The results of
this study indicate treatment with amphotericin B lipid products is associated with higher
mortality compared to treatment with amphotericin B deoxycholate or fluconazole.
Clinicians choosing amphotericin B lipid products should be cautioned about lack of
penetration to the CNS and kidneys. There are no adequately powered randomized trials
comparing the efficacy of different antifungal regimens for treatment of invasive candidiasis
in infants. These findings may help inform the selection of antifungal therapies for future
clinical trials in this patient population. Well-powered randomized controlled trials are
needed to more fully investigate outcomes to provide neonatologists with a clear roadmap
for the management of invasive candidiasis.
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Figure 1.
Kaplan-Meier curve for mortality by antifungal therapy. Hazard ratios (HRs) from Cox
regression controlling for: gestational age groups (<26, 26–29, 30–33, >33 weeks), day of
life at onset of infection groups (0–7, 8–30, >30 days), delay in therapy (days), and site of
infection groups (any blood, any urine, and any CSF positive cultures).
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