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Abstract Amphotericin B (AmphoB) remains the preferred
therapy for invasive fungal infections despite many side
effects, such as nephrotoxicity and electrolyte imbalance.
Our previous study suggested that high sodium (Na) intake
>4 mEq/kg per day may be associated with lower
nephrotoxicity in extremely premature infants treated with
AmphoB. Subsequently, it became a standard of care in our
unit to administer Na >4 mEq/kg per day to extremely
premature infants treated with AmphoB. The purpose of
this study was to evaluate the effect of high Na intake >
4 mEq/kg per day on the incidence of AmphoB-induced
nephrotoxicity among extremely premature infants with
birth weight <1250 gm. All extremely premature infants

with birth weight <1250 gm born between 1992 and 2004
and treated with AmphoB for systemic fungal infections
were included in the study. The study infants were divided
into two groups: a control (CL) group (1/1992–12/1999, n=
21) consisting of extremely premature infants given a
maintenance Na intake during AmphoB therapy, and a
high sodium intake (High Na) group (1/2000–12/2004, n=
16) consisting of extremely premature infants given a high
Na intake >4 mEq/kg per day during AmphoB therapy.
Nephrotoxicity was defined as serum creatinine levels
>1 mg/dl, urinary output (UOP) < 1 ml/kg per hour or a
decrease in UOP of 50%, compared with the previous
2 days, and persisting for at least 2 days. Invasive fungal
infection was diagnosed in 5.7% of the infants (44/763
infants). Thirty-seven infants were eligible for the study and
seven were excluded. There were no differences between
the two groups in gestational age, birth weight, age at
fungal infection diagnosis, length of AmphoB therapy,
daily fluid intake or hyponatremia. Nephrotoxicity was
significantly higher in the CL group than in the High Na
group (13/21 vs. 3/16; P=0.02). In the CL group, nephro-
toxicity occurred at (mean ± SD) 1.9±3.2 days after the
initiation of AmphoB treatment and lasted for 5.5±4.7 days.
In this group, nephrotoxicity occurred in two of the 13
infants before the initiation of AmphoB therapy. In the High
Na group, nephrotoxicity occurred before the start of
AmphoB therapy in two of the three infants. In the third
infant, nephrotoxicity lasted for 1 day. Mean Na intake was
not different between the two groups during the 4-day period
prior to AmphoB therapy. Mean Na intake during the first
10-day period of AmphoB therapy was significantly lower in
the CL group (3.7 vs 6.2; P<0.001). Conclusion: High Na
intake was associated with a reduction in the incidence of
AmphoB-induced nephrotoxicity in extremely premature
infants with birth weight <1250 gm. We recommend the
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use of a high Na intake of >4 mEq/kg per day for extremely
premature infants during Amphotericin B therapy.
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Introduction

Survival of extremely premature infants has improved
significantly with recent advances in neonatal intensive
care [1]. However, increased survival is associated with
complications related to exposure to invasive treatment
modalities [2–4]. Among these complications, infection
continues to be an important cause of mortality and
morbidity. The causes of infection are changing over time,
with Candida emerging as one of the leading causes of
morbidity and mortality among extremely premature infants
[4–11]. Amphotericin B (AmphoB) remains the treatment
of choice for invasive candidiasis because of its fungicidal
effects [12]. Side effects of AmphoB include various
infusion reactions, nephrotoxicity and electrolyte imbalance
[13]. AmphoB seems to induce renal damage by enhance-
ment of the tubuloglomerular feedback (TGF) or systemic
and afferent arteriolar vasoconstriction [14]. The use of a
amphotericin–lipid formulation can prevent some of the
renal side effects, but conventional AmphoB is preferred
since it achieves higher concentrations in renal tissue [14].
Also, previous studies of animals and human adults have
demonstrated that salt loading before AmphoB therapy
ameliorates the nephrotoxicity [15–24].

In our previous study, we examined the effects of fluid
and electrolyte management on AmphoB-induced nephro-
toxicity among extremely premature infants [25]. The results
of this study suggested that sodium (Na) intake >4 mEq/kg
per day was associated with a decrease in the incidence of
AmphoB-induced nephrotoxicity. The mechanism by which
Na reduces AmphoB-induced nephrotoxicity is not well
understood, but changes in membrane permeability and
drug-induced pre-glomerular vasoconstriction seem to play
a role [14]. After our study results were published, it
became a standard of care in our unit to administer Na
>4 mEq/kg per day to extremely premature infants treated
with AmphoB. The purpose of the study reported here was
to evaluate the effect of high Na intake (>4 mEq/kg per
day) on the prevention of AmphoB-induced nephrotoxicity
among extremely premature infants with birth weight
<1250 gm.

Design/Methods

This is a retrospective cohort study including all infants
with birth weight <1250 gm who were treated with
AmphoB for systemic fungal infection between 1992 and
2004. These infants were admitted to the Neonatal Intensive
Care Unit at Sparrow Hospital, Lansing, Michigan. The
study was approved by the institutional review boards at
Michigan State University, East Lansing, Michigan and
Sparrow Hospital, Lansing, Michigan, USA.

The patients were divided into two groups: a control
(CL) group consisting of a historical control group that
involved infants born 1/1992–12/1999 (n=21) when high
Na administration was not a routine treatment during
AmphoB therapy, and a high sodium intake (High Na)
group consisting of infants born 1/2000–12/2004 (n=16)
when Na intake >4 mEq/kg per day was implemented for
all infants with invasive fungal infection during AmphoB
therapy. Demographic, clinical and laboratory information
was collected for the study infants. Data were analyzed for
two time periods (similar to the previous study): during the
4 days before the initiation of AmphoB treatment and
during the10 days after its initiation. Demographic data
included gestational age, birth weight, gender, race and
Apgar scores. The following data were collected to assess
the risk factors for developing systemic fungal infections:
number of ventilator days, number of central line days,
postnatal corticosteroid use, number of transfusions, amount
of intralipid administered and use of antibiotics before the
diagnosis of fungal infection. The following data regarding
fungal infection were recorded: age of infant at time of
diagnosis,Candida species, infection site, number of positive
cultures and time to achieve negative cultures. All urine
cultures were obtained by suprapubic bladder tap or
catheterization. If the quantitative urine culture became
positive, culture was repeated daily until it became negative.

The clinical data reviewed were related to the signs and
symptoms of fungal infection and treatment side effects.
Infants diagnosed with fungal infection, including the
infants with positive tracheal aspirate cultures or positive
urine culture, had invasive fungal infection documented
by worsening of their clinical status with at least two of
the following clinical manifestations: increased ventila-
tory support, worsening apnea and bradycardia, acidosis
(pH<7.20), hypotension [persistent low mean blood pressure
(<30 mmHg) associated with decrease peripheral perfusion],
leukopenia (decrease in total white blood cells <4×103/mm3),
neutropenia (absolute neutrophil count <1500/mm3), throm-
bocytopenia (platelet count <100×103/mm3) or hyper-
glycemia (blood glucose >150 mg/dl). The following
clinical data were recorded: number of ventilator days,
central line days, postnatal corticosteroids use, trans-
fusions, amount of intralipid administered and use of

498 Pediatr Nephrol (2009) 24:497–505



antibiotics or other antifungals before or concomitant with
AmphoB.

During the study period there was a change in the dose
and frequency of AmphoB treatment between the two groups.
The initial AmphoB regimen was 0.1–0.25 mg/kg per dose
once and then daily doubling until 1 mg/kg per dose had been
reached. After 1996, infants with fungal infection were started
on AmphoB at 0.5 mg/kg per day for 1 day and doubled to
1 mg/kg per day in the second and subsequent days of therapy.
The duration of AmphoB treatment and the use of other
nephrotoxic drugs before and during the AmphoB therapy
were recorded. Both the diagnosis and the treatment of
invasive fungal infection were at the discretion of the
attending neonatologist responsible for the care of these
infants.

Nephrotoxicity was defined as serum creatinine levels
>1 mg/dl and a urinary output (UOP) <1 ml/kg per hour or
a decrease in UOP of 50%, compared with the previous 2 days
and persisting for at least 2 days. The following data were
collected: daily fluid intake and urinary output, electrolyte
intake, serum electrolyte and creatinine levels, as obtained at
the discretion of the attending neonatologist. Sodium intake
included intravenous intake and enteral intake if the patient
was on oral feeding.

All data collected for the two groups were examined and
reported as mean ± standard deviation (SD), mean and 95%
CI (confidence interval) as well as median and range. We
used Student’s t test to compare continuous data with a
normal distribution. If the data failed the normality test we
used the Mann–Whitney rank sum test. Repeated-measures
data were compared by a one-way analysis of variance
(ANOVA) followed by all pair-wise multiple comparison
procedures (Student Newman–Keuls method). Categorical
data were compared using chi-square or Fisher’s exact test.
Statistical significance was accepted at P<0.05.

Results

A total of 763 infants with birth weights of <1250 gm were
admitted during the study period. Candida species were
isolated from blood, urine or tracheal aspirates of 44
patients (5.7%). All cerebrospinal fluid cultures yielded
negative results. Seven infants were excluded: three were
not treated with AmphoB (two received liposomal ampho-
tericin and one received fluconazole); three were treated for
less than 5 days and then changed to other antifungal
medications according to the sensitivity results (two to
fluconazole and one to caspofungin); one was excluded for
ambiguous genitalia and associated renal malformation.
Consequently, 37 infants were ultimately included in the
study. All cases of invasive candidiasis were included.
There were no cases of invasive fungal infection during the

study period that were diagnosed postmortem or based
upon histopathology of surgical specimens. Three of the
infants included in the study died; none had positive fungal
cultures at the time of death. Two of the infants who
expired were in the CL group: one expired on day 7 after
diagnosis of invasive fungal infection and initiation of
AmphoB treatment because of overwhelming infection and
acute renal failure; the second infant died after AmphoB
therapy had been completed, and death was unrelated to
fungal infection. The third infant was in the high Na group
and expired as a result of septic shock with multiple organ
failure, after 15 days of AmphoB therapy. Data for all three
infants were included in the analyses.

There was no significant difference between the two
groups in terms of gestational age, birth weight, sex or
survival, as summarized in Table 1. The evaluation of the
risk factors associated with fungal sepsis or renal impair-
ment showed no statistically significant differences between
the groups in number of ventilator days, number of central
line days, postnatal corticosteroid use, number of blood
transfusions, amount of intralipid administered before
AmphoB therapy or prior or concomitant use of antibiotics
or nephrotoxic drugs, as seen in Table 1.

There was no statistically significant differences between
the two groups in terms of their clinical characteristics at
the time of fungal diagnosis, as summarized in Table 2, and
there was no significant difference between the groups in
terms of the mean postnatal age at the time of fungal
infection diagnosis [14±9 (CL) vs. 23±20 days; P=0.07] or
the mean length of AmphoB therapy [18±10 (CL) vs. 20±
11 days; P=0.5]. Candida albicans was the most common
fungal species isolated among the study patients in both
groups [16/21 cases (CL) vs. 9/16 cases; P=0.35]. Candida
parapsilosis was more frequently isolated in the High Na
group than in the CL group, but the difference did not reach
statistical significance (2/21 cases vs. 6/16 cases; P=0.06).
The fungal species isolated from the remaining three infants
in the CL group were C. tropicalis, C. lambica and one
unidentified Candida species. Both C. albicans and C.
parapsilosis were isolated from one patient in the High Na
group. There was no significant difference between the two
groups in terms of the numbers of infants from whom
fungus was isolated from multiple sites [11/21 (CL) vs. 7/
16 infants; P=0.37], as summarized in Table 3. There were
only six infants (6/37) with a single positive fungal culture
among the study patients, with no difference between the
groups in the number of infants with single positive culture
(4/21 vs. 2/16; P=0.68). There also was no difference
between the two groups in the numbers of renal fungal
infections (13/21 vs. 6/6 infants; P=0.32). Among the
infants with renal fungal infection, a total of 18 infants (18/
19 infants) had multiple positive urine cultures. The number
of positive urine cultures ranged between two and five. For
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one patient in the CL group, fungal balls were identified
using renal ultrasonography. In addition, one patient in the
CL group had both renal and ophthalmic evidence of
fungus. None of the patients demonstrated cardiac vegeta-
tion. All infants with positive tracheal aspirate cultures had
clinical evidence of invasive fungal infection associated
with multiple positive cultures.

The number of patients who developed nephrotoxicity
was significantly higher in the CL group than in the high
Na group (13/21 vs. 3/16, respectively; P=0.02) as seen in
Table 2. All 16 infants with nephrotoxicity had a serum
creatinine >1 mg/dl. Eight patients had a serum creatinine
level of 1.1–1.5 mg/dl (six in the CL group and two in the
High Na group), and eight infants had serum creatinine

Table 2 Clinical characteristics of study infants

Characteristics CL group (n=21) High Na group (n=16) P value

Increased ventilatory support, n 9 7 0.78
Increased apnea and bradycardia, n 8 4 0.63
Hypotension, n 8 6 0.76
Metabolic acidosis, n 5 2 0.67
Hyperglycemia, n 11 4 0.18
Thrombocytopenia, n 11 11 0.66
Leukocytosis, n 13 6 0.25
Leukopenia, n 1 3 0.30
Fungal diaper rash or thrush, n 11 3 0.10
Central venous line removal within 48 h from positive culture, n 12 10 0.99
Age at fungal diagnosis, days, mean (95% CI) 14 (10–18) 23 (13–33) 0.07
Number of positive cultures, median (range) 5.4 (3.6–7.2) 4.8 (2.5–7.1)) 0.60
Time until initiation of AmphoB, daysa, mean (95% CI) 3.8 (1.9–5.7) 3.1 (1.5–4.7) 0.56
Days from AmphoB start to negative culture, mean (95% CI) 8 (4–12) 6 (2–12) 0.53
Length of AmphoB treatment, days, mean (95% CI) 18 (13–23) 20 (14–26) 0.39
Total dose of AmphoB therapy, mean (95% CI) 12 (7–17) 21 (13–29) 0.03*

Nephrotoxicity (NT)
n 13 3 0.02*
Onset before AmphoB start, n 2 2 1.0
Onset after AmphoB start, n 11 1 0.01*

*P<0.05 The two groups were compared with Student’s t test or the Mann-Whitney rank sum test. Categorical data were compared with the chi-
square or Fisher’s exact test
Values are given as mean (95% CI in parenthesis). n is the number of cases.
a This represents the time from obtaining the culture to the initiation of amphoB therapy. Some positive cultures were felt to be contaminants, and
AmphoB was started only after repeated culture became positive.

Table 1 Demographic data and risk factors of the study infants at the time of fungal infection diagnosis

Characteristics of the study group CL group (n=21) High Na Group (n=16) P value

Gestational age, weeks, Median (range) 25±2 25 (23–29) 26±2 26 (23–30) 0.30
Birth weight, g, Median (range) 726±174 673 (500–1250) 722±142 703 (518–994) 0.90
Gender (male/female), n 11/10 10/6 0.57
Survival, n 19 15 0.56
Ventilation days prior to fungal diagnosis, Median (range) 14±9 11 (0–35) 16±16 11 (0–69) 0.63
Days of central line prior to fungal diagnosis, mean (95% CI) 13 (9–17) 19 (11–27) 0.11
Lipids prior to fungal diagnosis, g/kg, Median (range) 61±64 46 (0–192) 63±70 28 (0–184) 0.92
Blood transfusions, n, Median (range) 9±7 8 (0–23) 13±11 10 (0–38) 0.63
Postnatal steroids, days, median (range) 2±3 0 (0–10) 1±3 0 (0–9) 0.58
Concomitant antibiotics, n 11 8 0.85
Concomitant nephrotoxic drugs, na 8 4 0.62
Days since last nephrotoxic drug, mean (95% CI) 5 (1–9) 9 (3–15) 0.20

CL, Control
Values are given as either mean ± standard deviation (range in parenthesis) or the mean [95% confidence interval (CI) in parenthesis]. n is the
number of cases. The two groups were compared with Student’s t test or the Mann-Whitney rank sum test. Categorical data were compared with
the chi-square or Fisher’s exact test
a The other nephrotoxic drugs that were included are vancomycin, gentamicin and indomethacin.
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>1.5 mg/dl (seven in the in the CL group and one in the
High Na group). A total of five babies (four in the CL
group and one in the High Na group) had UOP < 1 ml/kg
per hour for more than 2 days. There was no statistical
difference between the two groups in the incidence of
nephrotoxicity prior to initiation of AmphoB therapy. In the
CL group, nephrotoxicity occurred at 1.9±3.2 days after the
initiation of AmphoB and lasted for 5.5±4.7 days. In this
group, two of the 13 infants had the onset of nephrotoxicity
before the initiation of AmphoB therapy. In the High Na
group, nephrotoxicity occurred before the start of AmphoB
therapy in two of the three infants and lasted throughout
AmphoB therapy. The third infant with nephrotoxicity in
the High Na group had increased serum creatinine 1 day
after AmphoB was started, which returned to normal within
24 h. The incidence of nephrotoxicity was significantly
higher among the patients with C. albicans than in those
with C. parapsilosis infection [56% (14/25) vs. 13% (1/8);
P=0.04]. The high Na intake was most likely protective
against the development of nephrotoxicity because among
the 25 patients with C. albicans infection, the incidence of
nephrotoxicity was higher in the CL group than in the High
Na group [11/16 (69%) vs. 3/9 (33%); P=0.14]. While the
renal fungal infection was higher in the CL group than in
the High Na group [13/21 (62%) vs. 6/16 (38%); P=0.26],
the high Na intake was most likely protective against the
development of nephrotoxicity because among the patients
with renal fungal infection, the incidence of nephrotoxicity
was higher in the CL group than in the high Na group [8/13
(62%) vs. 1/6 (14%); P=0.14]. In addition, the mean total
dose of AmphoB was significantly higher in the High Na
group than in the CL group (21 vs. 12 mg/kg; P=0.03), as
seen in Table 2. The study is not powered to probe whether
nephrotoxicity was impacted by having renal fungal
infection or different Candida species. There was no
difference between the groups in the serum creatinine
levels before the initiation of AmphoB treatment. Mean

daily serum creatinine levels tended to be higher in the CL
group than in the High Na group, but the difference did not
achieve statistical significance, as seen in Fig. 1.

Sodium, potassium and fluid intake and urine output
were evaluated as mean intake for a 4-day period before the
initiation of AmphoB treatment and then for a 10-day
period after its initiation (Table 4).

There was no significant difference in the mean Na
intake between the groups during the 4-day period prior to
initiation of AmphoB therapy [3.5 (CL) vs. 4.5 mEq/kg per
day; P=0.13], as seen in Table 4. The mean Na intake was
significantly higher in the High Na group than in the CL
group during the first 10-day period of AmphoB therapy
(6.2 vs. 3.7 mEq/kg per day, respectively; P<0.001)
(Table 4). Interestingly, in the CL group, although eight
infants had Na intake >4 mg/kg per day, only two (25%)
developed nephrotoxicity. In addition, 13 infants in the CL
group had Na intake <4 mg/kg per day, of which 11 (85%)
developed nephrotoxicity.

Despite the higher Na intake, there was no significant
difference in serum Na between the two groups (Fig. 1).
Hyponatremia (serum Na <130 mEq/dl) occurred in six of
21 patients in the CL group and one of 16 patients in the
High Na group (P=0.11).

There was no significant difference between the two
groups in terms of mean fluid intake (Table 4) during
AmphoB therapy. None of the study infants had a mean
total fluid intake <120 ml/kg per day except for three
infants who developed nephrotoxicity and whose fluid was
reduced to <120 ml/kg per day during the management of
their renal compromise.

Mean potassium intake during the 4-day period before
the initiation of AmphoB therapy was not different between
the two groups, as shown in Table 4. During AmphoB
therapy, there was significantly higher potassium intake in
the High Na group on days 1, 2, 3 and 5 of therapy (P<
0.05). In the subsequent days of treatment, there was no
difference between the two groups in terms of average daily
potassium intakes. When the mean potassium intake was
evaluated for the first 10-day period of AmphoB therapy,
there was a statistically significant difference between the
two groups [2.2 (CL) vs 2.9 mEq/kg per day; P=0.02].
There was no difference between the groups in terms of
serum potassium levels (Fig. 1) or incidence of hypokalemia
(serum potassium <3 mEq/dl) [2/21 (CL) vs. 1/16; P = NS].

Discussion

Extremely premature infants are at risk for nosocomial
infections because of their immature immune system and the
extensive number of procedures needed to support them.
Among nosocomial infections, invasive fungal infection

Table 3 Fungal infection sites in study patients

Fungal culture sites CL group
(n=21)

High Na group
(n=16)

Blood 2 5
Urine 5 2
Tracheal aspirate 3 2
Blood/urine 5 0
Blood/tracheal aspirate 3 1
Urine/tracheal aspirate 2 2
Blood/urine/tracheal aspirate 0 1
Blood/urine/wrist abscess 0 1
Blood/urine/eye 1 0
Tracheal aspirate/skin 0 2

Values represent number of sites with positive fungal cultures for
study patients.
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continues to be of significant concern, especially with the
increased use of broad spectrum antibiotics. In our unit,
during the study period 1992–2004, the overall incidence of
invasive fungal infection was 5.7% in infants <1250 gm.

Amphotericin B remains the drug of choice for treating
systemic candidiasis, despite its side effects, mainly renal
toxicity [12]. Our previous study showed that AmphoB-
induced nephrotoxicity was not influenced by concomitant
use of antibiotics and/or nephrotoxic drugs with AmphoB
[25].

Other risk factors, such as the number of central catheter
days, number of ventilation days, number of transfusions,
postnatal corticosteroid use and intralipid use were not
found to influence the incidence of AmphoB nephrotoxicity
in our previous or this study [25].

Two strategies are known to ameliorate AmphoB-
induced renal toxicity: incorporation into a lipid-associated
system and salt loading before AmphoB administration
[14–22, 26–33].

The use of lipid-associated preparations of AmphoB is
more costly, and the renal penetration and concentration
may be lower. Salt loading before AmphoB administration
can reduce nephrotoxicity effectively, as demonstrated in
animal and human adult studies, and it is inexpensive [14–
22, 32–33]. The exact mechanism by which Na reduces the
incidence and severity of AmphoB-induced nephrotoxicity
has not been clearly delineated. The two postulated
mechanisms of nephrotoxicity suggested in the literature
include changes in membrane permeability and drug-
induced pre-glomerular vasoconstriction [14]. Most of the
studies published regarding salt-loading approaches to
prevent AmphoB-induced nephrotoxicity in adults are case
reports; there is one randomized study [21].

To date, our previous study has been the only one that
has examined Na intake and its influence on renal toxicity
in extremely premature infants treated with AmphoB [25].
The results of our study suggested that Na intake >4 mEq/kg
per day was associated with a decrease in the incidence of
AmphoB-induced nephrotoxicity [25]. Based on these
results, it subsequently became the standard of care in our
unit to ensure a Na intake of at least 4 mEq/kg per day
during the AmphoB therapy. This was achieved either by
administering additional normal saline to infants who could
tolerate excess fluid or by increasing the amount of Na
administered in parenteral nutrition (TPN). As a reflection
of this intervention, the Na intake in our High Na group is
significantly higher than that in our CL group, reported as
mean intake over the 4-day period before AmphoB therapy
was initiated and over the 10-day period thereafter. If
normal saline was used, this was a temporary action until
new TPN was adjusted, and it did not influence the overall
fluid intake, as seen in Table 4. The Na intake during the
4 days prior to AmphoB initiation was not significantly
different between the two groups. In the CL group, eight of
the 21 patients had an average Na intake higher than
4 mEq/kg per day for the 4-day period prior to the initiation
of AmphoB therapy; of these eight patients, only two
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Fig. 1 Serum creatinine concentrations, serum sodium and serum potas-
sium levels during the study period. Error bars represent mean ± stan-
dard deviation. Day 1 represents the first day of amphotercin B (AmphoB)
therapy, day 0 is the day before AmphoB was started. CL Control
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developed nephrotoxicity. The remaining 13 infants in the
CL group had an average Na intake <4 mEq/kg per day, and
11 of the 13 developed nephrotoxicity. This observation
may be important in evaluating the impact of overall Na
balance at the beginning of the AmphoB therapy onAmphoB-
induced nephrotoxicity. Our study is retrospective, and we
could not specify if Na intake before the initiation of AmphoB
therapy is a determinant of AmphoB-induced nephrotoxicity.
Previous animal studies have shown that Na depletion was
associated with AmphoB-induced nephrotoxicity, while Na
loading prior to AmphoB therapy was associated with a
significant increase in urinary Na excretion and the prevention
of AmphoB-induced nephrotoxicity [17–18]. These studies
suggest that the prevention of AmphoB-induced nephrotox-
icity is mediated by increased in urinary Na excretion and
inhibition of tubuloglomerular feedback (TGF) [17–18]. The
findings of our study are in agreement with this suggestion.
In addition, we speculate that serum Na levels were similar
in both groups because of the increase in urinary Na
excretion in the High Na intake group. However, we did not
measure urinary Na excretion in our retrospective study.
Large, prospective, randomized, blinded trials are warranted
to answer these questions.

In addition, all infants in the High Na group received
1 mg/kg per day AmphoB by the second day of life, with
overall significantly higher mean total dose of AmphoB
correlated with a significantly lower incidence of nephro-
toxicity. These results support the start of AmphoB therapy
at 1 mg/kg, especially when combined with Na intake
>4 mEq/kg per day to avoid nephrotoxicity.

We did not identify any difference in the fluid intake
before or after AmphoB treatment was initiated. This
finding is consistent with the results of our previous study
that also showed no association between hydration and
AmphoB-induced nephrotoxicity [25].

Other electrolytes, such as potassium, have been impli-
cated in nephrotoxicity [23, 34]. Bernado et al. [23]

reported in a rat model that potassium depletion augmented
AmphoB-induced toxicity to the renal tubules. Their study
also showed that potassium depletion did enhance urinary
Na excretion and enhanced the development of renal
tubular toxicity. In our study, there was no difference in
the potassium intake during the 4-day period prior to
AmphoB therapy, but we noticed a significantly higher
potassium intake during the first 10 days of AmphoB
therapy. This difference was evident when data were
expressed as mean intake for the 10-day period. The
evaluation of average daily potassium intake revealed an
overall trend of higher potassium intake in the High Na
group compared with the CL group during the first 4 days
of AmphoB therapy. Among adults, salt loading resulted in
increased urinary potassium loss. In our study, higher Na
intakes were not associated with a decrease in serum
potassium levels (Fig. 1). It is unclear whether the increase
in potassium intake is an incidental finding or whether the
finding can be attributable to differences in tubular function
among extremely premature infants. However, the effects of
higher Na intake on potassium homeostasis were difficult to
evaluate because urine electrolyte levels were not measured
for these infants.

We acknowledge the limitations of the study reported
here. First, this is a retrospective study. In light of the
previous study results, with good evidence that higher Na
intake may help to prevent AmphoB-induced nephrotoxi-
city, it was difficult to design a prospective randomized trial
and assign patients to low Na intake. The use of historical
controls (CL group) can be a disadvantage, but the neonatol-
ogy team in our neonatal intensive care unit had a consistent
management approach for treatment of fungal infection in
extremely premature infants. In addition, the fluid and
electrolyte management was similar for all infants included
in the study during this entire time except for the use of high
Na intake >4 mEq/kg per day during the second period of
the study (the High Na intake group). The relative small

Table 4 Mean sodium, potassium and fluid intake and urine output for the 4-day period before the initiation of AmphoB therapy and for a 10-day
period after its initiation

CL group
(n=21)

High Na group
(n=16)

P value

Mean sodium intake for the 4-day period before AmphoB start, mEq/kg per day 3.5 (2.9–4) 4.5 (3.5–5.5) 0.13
Mean sodium intake for the 10-day period after initiation of AmphoB, mEq/kg per day 3.7 (3.3–4.2) 6.2 (5.1–7.2) <0.001*

Mean potassium intake for the 4-day period before AmphoB start, mEq/kg per day 2.2 (1.8–2.5) 2.7 (2.0–3.4) 0.31
Mean potassium intake for the 10-day period after initiation of AmphoB, mEq/kg per day 2.2 (1.9–2.5) 2.9 (2.4–3.4) 0.02
Mean fluid intake for the 4-day period before AmphoB start, ml/kg per day 150 (137–162) 156 (142–170) 0.86
Mean fluid intake for the 10-day period after initiation of AmphoB, ml/kg per day 143 (133–153) 153 (140–166) 0.20
Mean urine output for the 4-day period before AmphoB start, ml/kg per hour 3.4 (2.8–4.0) 3.0 (2.3–3.7) 0.40
Mean urine output for the 10-day period after initiation of AmphoB, ml/kg per hour 3.2 (2.7–3.7) 3.3 (2.6–4.0) 0.80

*P<0.05. The two groups were compared with Student’s t test or the Mann-Whitney rank sum test
All values are given as mean (95% CI in parenthesis) of the intake for the respective periods
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number of patients in the study, deriving from the relative
low incidence of the problem studied, did not allow us to
answer additional questions, such as the definitive influence
of prior Na balance or potassium intake on AmphoB-
induced nephrotoxicity. Long-term outcome data were not
collected for the study patients. Consequently, the effect of
nephrotoxicity on the long-term outcome (persistent renal
dysfunction, growth and development) requires further
study.

Conclusion

Our data confirm the findings of previous animal and
human adult studies, indicating that higher Na intakes
>4 mEq/kg per day among extremely premature infants
with birth weight <1250 gm were associated with a
reduction in the incidence of AmphoB-induced nephrotox-
icity. In times of limited resources, cost-effective treatment
options are pivotal in improving the outcome of extremely
premature infants. In the absence of a prospective random-
ized clinical trial, we recommend the use of conventional
AmphoB therapy in combination with sodium intake of
>4 mEq/kg per day to decrease the incidence of AmphoB-
induced nephrotoxicity among extremely premature infants
with birth weight <1250 gm.

References

1. Richardson DK, Gray JE, Gortmaker SL, Goldmann DA, Pursley
DM,McCormick MC (1998) Declining severity adjusted mortality:
evidence of improving neonatal intensive care. Pediatrics 102:893–
899

2. Noyola DE, Fernandez M, Moylett EH, Baker CJ (2001)
Ophthalmologic, visceral, and cardiac involvement in neonates
with candidemia. Clin Infect Dis 32:1018–1023

3. Fernandez M, Moylett EH, Noyola DE, Baker CJ (2000) Candidal
meningitis in neonates: a 10-year review. Clin Infect Dis 31:458–
463

4. Stoll BJ, Hansen N, Fanaroff AA, Wright LL, Carlo WA,
Ehrenkranz RA, Lemons JA, Donovan EF, Stark AR, Tyson JE,
Oh W, Bauer CR, Korones SB, Shankaran S, Laptook AR,
Stevenson DK, Papile LA, Poole WK (2002) Late-onset sepsis in
very low birth weight neonates: the experience of the NICHD
Neonatal Research Network. Pediatrics 110:285–291

5. Kaufman D (2004) Fungal infections in very low birth weight
infant. Curr Opin Infect Dis 17:253–259

6. Karlowicz MG, Hashimoto LN, Kelly RE, Buescher ES (2000)
Should central venous catheters be removed as soon as candide-
mia is detected in neonates? Pediatrics 106:E63

7. Saxen H, VirtanenM, Carlson P, Hoppu K, Pohjavuori M, Vaara M,
Vuopio-Varkila J, Peltola H (1995) Neonatal Candida parapsilosis
outbreak with a high case fatality rate. Pediatr Infect Dis J
14:776–781

8. Faix RG (1992) Invasive neonatal candidiasis: comparison of
albicans and parapsilosis infection. Pediatr Infect Dis J 11:88–93

9. Baley JE, Kliegman RM, Fanaroff AA (1984) Disseminated
fungal infections in very low-birth-weight infants: clinical
manifestations and epidemiology. Pediatrics 73:144–152

10. Friedman S, Richardson SE, Jacobs SE, O’Brien K (2000)
Systemic Candida infection in extremely low birth weight infants:
short term morbidity and long term neurodevelopmental outcome.
Pediatr Infect Dis J 19:499–504

11. Shetty SS, Harrison LH, Hajjeh RA, Taylor T, Schmidt AB, Sanza
LT, Shutt KA, Fridkin SK (2005) Determining risk factors for
candidemia among newborn infants from population-based
surveillance. Pediatr Infect Dis J 24:601–604

12. Rowen JL, Tate JM (1998) Management of neonatal candidiasis.
Neonatal Candidiasis Study Group. Pediatr Infect Dis J 17:1007–
1011

13. Baley JE, Meyers C, Kliegman RM, Jacobs MR, Blumer JL
(1990) Pharmacokinetics, outcome of treatment, and toxic effects
of Amphotericin B and 5-fluorocytosine in neonates. J Pediatr
116:791–797

14. Fanos V, Cataldi L (2000) Amphotericin B-induced nephrotoxi-
city: a review. J Chemother 12:463–470

15. Stein RS, Alexander JA (1989) Sodium protects against nephro-
toxicity in patients receiving Amphotericin B. Am J Med Sci
298:299–304

16. Heideman H (1988) Prevention of Amphotericin B nephrotoxici-
ty: the effect of salt loading and flucytocine. Mycoses 31[Suppl
2]:39–44

17. Ohnishi A, Ohnishi T, Stevenhead W, Robinson RD, Glick A,
O’Day DM, Sabra R, Jackson EK, Branch RA (1989) Sodium
status influences chronic Amphotericin B nephrotoxicity in rats.
Antimicrob Agents Chemother 33:1222–1227

18. Gerkens JF, Branch RA (1980) The influence of sodium status and
furosemide on canine acute amphotericin B nephrotoxicity.
J Pharmacol Exp Ther 214:306–311

19. Gardner ML, Godley PJ, Wasan SM (1990) Sodium loading
treatment for Amphotericin B-induced nephrotoxicity. DICP Ann
Pharmacother 24:940–946

20. Sabra R, Branch RA (1991) Mechanisms of Amphotericin B-
induced decrease in glomerular filtration rate in rats. Antimicrob
Agents Chemother 35:2509–2514

21. Llanos A, Cieza J, Bernado J, Echevarria J, Biaqqioni I, Sabra R,
Branch RA (1991) Effect of salt supplementation on Amphoter-
icin B nephrotoxicity. Kidney Int 40:302–308

22. Anderson CM (1995) Sodium chloride treatment of Amphotericin
B nephrotoxicity: Standard of care? West J Med 162:313–317

23. Bernardo JF, Murakami S, Branch RA, Sabra R (1995) Potassium
depletion potentiates Amphotericin B-induced toxicity to renal
tubules. Nephron 70:235–241

24. Mayer J, Doubek M, Doubek J, Horky D, Scheer P, Stepanek M
(2002) Reduced nephrotoxicity of conventional Amphotericin B
therapy after minimal nephroprotective measures: animal experi-
ments and clinical study. J Infect Dis 186:379–388

25. Holler B, Omar SA, Maged DF, Patterson JM (2004) Effects of
fluid and electrolyte management on Amphotericin B-induced
nephrotoxicity among extremely low birth weight infants. Pediat-
rics 113:e608–e616

26. Al Arishi HA, Frayha HH, Kalloghlian A, Alaiyan SA (1998)
Liposomal Amphotericin B in neonates with invasive candidiasis.
Am J Perinatol 15:643–648

27. Weitkamp JH, Poets CF, Sievers R, Musswessel E, Groneck P,
Thomas P, Bartmann P (1998) Candida infection in very low birth
weight infants: outcome and nephrotoxicity of treatment with
liposomal Amphotericin B (AmBisome). Infection 26:11–15

28. Walsh TJ, Seibel NL, Arndt C, Harris RE, Dinubile MJ, Reboli A,
Hiemenz J, Chanock SJ (1999) Amphotericin B lipid complex in
pediatric patients with invasive fungal infections. Pediatr Infect
Dis J 18:702–708

504 Pediatr Nephrol (2009) 24:497–505



29. Scarcella A, Pasquariello MB, Giugliano B, Vendemmia M, De
Lucia A (1998) Liposomal Amphotericin B treatment for neonatal
fungal infections. Pediatr Infect Dis J 17:146–148

30. Adler-Shohet F, Waskin H, Lieberman JM (2001) Amphotericin B
lipid complex for neonatal invasive candidiasis. Arch Dis Child
Fetal Neonatal Ed 84:F131–F133

31. Friedlich PS, Steinberg I, Fujitani A, deLemos RA (1997) Renal
tolerance with the use of Intralipid–Amphotericin B in low birth
weight neonates. Am J Perinatol 14:377–383

32. Miano-Mason TM (1997) Mechanisms and management of
Amphotericin B-induced nephrotoxicity. Cancer Pract 5:176–
181

33. Butler KM, Rench MA, Baker CJ (1990) Amphotericin B as a
single agent in the treatment of systemic candidiasis in neonates.
Pediatr Infect Dis J 9:51–56

34. Thompson JR, Simonsen R, Spindler MA, Southern PM, Cronin
RE (1990) Protective effect of KCl loading in gentamicin
nephrotoxicity. Am J Kidney Dis 15:583–591

Pediatr Nephrol (2009) 24:497–505 505


	Influence of sodium intake on Amphotericin B-induced nephrotoxicity among extremely premature infants
	Abstract
	Introduction
	Design/Methods
	Results
	Discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


