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We report on a patient with malformations
following long-term and high-dose maternal
fluconazole use during pregnancy. The pa-
tient had exorbitism, a large pear-shaped
nose, ‘‘dysplastic’’ ears, and radiohumeral
synostosis. He is similar to three previously
reported patients with in utero exposure to
fluconazole and also shares some character-
istics with the Antley-Bixler syndrome. The
four fluconazole-exposed and malformed in-
fants are compared with one another and
with the Antley-Bixler syndrome. We con-
clude that fluconazole is a teratogen and re-
sults in a specific pattern of malformations
following first trimester use. Am. J. Med.
Genet. 72:253–256, 1997. © 1997 Wiley-Liss, Inc.
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INTRODUCTION

Fluconazole is a bis-triazole antibiotic effective
against fungal pathogens including Cryptococcus neo-
formans, Candida albicans, and the endemic dimor-
phic fungus Coccidioides immitis. It is available in oral
and intravenous formulations. Its long half-life (22–31
hours), high oral bioavailability (>80%), cerebrospinal
fluid penetration (>70%), and low toxicity have made it
an attractive alternative to amphotericin B in the
treatment of central nervous system fungal infection
[Como and Dismukes, 1994], and it is currently the
preferred initial treatment of C. immitis meningitis
[Galgiani et al., 1993].

In 1992, Lee et al. reported on an infant exposed in
utero to fluconazole with a pattern of malformations

consistent with the Antley-Bixler syndrome, which
comprises bony synostoses and characteristic craniofa-
cial abnormalities. A subsequent offspring born to the
same woman reported by Lee, and an addition patient
born to an unrelated woman with similar exposure,
had similar anomalies [Pursley et al., 1996]. Analysis
of these three patients suggests that they manifested a
disorder similar to but distinguishable from the Ant-
ley-Bixler syndrome. We report here an additional pa-
tient with fluconazole exposure who exhibits skeletal
and other somatic alterations that confirm the reported
phenotype and makes the existence of a fetal flucona-
zole embryopathy more certain.

CLINICAL REPORT

Patient BR was born after a 31-week gestation to a
27-year-old, human immunodeficiency virus negative
G4P2SAb1 Hispanic woman whose pregnancy was com-
plicated by Coccidioides immitis meningitis.

She had been diagnosed 22 months previously with
C. immitis meningitis during an earlier pregnancy (at
29 weeks gestation). Treatment was started with am-
photericin B intravenously (50 mg three times/week)
and intrathecally (0.50 mg three times/week). A normal
child was born at 37-weeks gestation and 1 week later
the intravenous amphotericin B was discontinued and
she was treated instead with fluconazole 400 mg/day.
She continued on this dose until the fourth to fifth
week of the current gestation when the dose was in-
creased to 800 mg/day due to progression of her illness
with significant clinical deterioration. At about 9 weeks
of gestation she was discovered to be pregnant and the
fluconazole was discontinued. Amphotericin B was re-
instituted at 50 mg three times/week. A dating ultra-
sound study at that time was unremarkable. Over the
next 3 months her condition deteriorated requiring
two hospitalizations (11th to 16th week of gesta-
tion and 18th to 23rd week of gestation) for com-
plications of meningitis. At about the 22nd week of
gestation the intravenous amphotericin B was dis-
continued and fluconazole restarted at a dose of 1,200
mg/day. Other agents taken during the pregnancy
were as follows: ibuprofen 600 mg orally intermit-
tently throughout pregnancy, acetaminophen 1 g
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orally intermittently throughout pregnancy, prochlor-
perazine (Compazine) 5–10 mg as needed for nausea
(weeks 11 to 15), paroxetine HCl (Paxil) 10 mg/day
orally (weeks 18 to 22), trazodone HCl 50 mg/day orally
(week 23), ondansetron HCl (Zofran) 10 mg intrave-
nously every 4 hours as needed for nausea (weeks 12 to
16 and 20 to 22), and morphine sulfate as needed dur-
ing her hospitalizations for pain.

Spontaneous rupture of membranes occurred at 31
weeks and the infant boy was delivered by Cesarean
section (single footling breech). Apgar scores were 1 at
1 minute and 6 at 5 minutes and the child (Figs. 1,2)
was noted to have multiple malformations. BW was
1,300 g (25th centile), appropriate for gestational age,
BL 38 cm (10–25th centile), and OFC 27.6 cm (25–50th
centile). On examination he was found to have a soft
calvarium, widely separated sutures, prominent fore-
head, mild exorbitism, and a large, ‘‘pear-shaped’’ nose
with a small hemangioma at the tip. There was no
choanal atresia or stenosis. The ears were small and
posteriorly angulated with overfolded helices. The
mouth appeared normal without clefts. Neck, thorax,
abdomen, and genitalia were normal. Elbows were im-
mobile (Fig. 2); fingernails and toenails were hypoplas-
tic. Hips were subluxed and feet had a rocker bottom
configuration. Chromosomes were apparently normal
(46,XY). Radiographs demonstrated bilateral radio-
humeral synostosis (Fig. 3), ‘‘dysplastic hips,’’ and ex-
orbitism.

At 6 months, findings were largely unchanged except
for appropriate growth and development and the pres-
ence of metopic synostosis with ridging of the forehead.

DISCUSSION

The primary mechanism of action of fluconazole is
the inhibition of ergosterol biosynthesis in the fungal
cell wall. Fluconazole binds to the heme iron of fungal
cytochrome P450, thereby inhibiting its function. Cy-
tochrome P450 is necessary for the activation of C-14
alpha demethylase, an enzyme necessary for the con-
version of lanosterol to ergosterol. Fluconazole demon-
strates a lower affinity for mammalian cytochrome
P450 than for fungal P450, which accounts in part for
its lower toxicity than some other azole antibiotics
[Como and Dismukes, 1994; Galgiani et al., 1993; Saag
and Dismukes, 1988].

In addition to the inhibition of cytochrome P450,
other mechanisms may play a role in the antifungal
effect of the azoles. These include the inhibition of cy-
tochrome c oxidative and peroxidative enzymes that
result in an increase in intracellular peroxide genera-
tion, the inhibition of morphologic changes in the fun-
gal target, making it more susceptible to phagocytosis,
and direct membrane toxicity due to an effect on fungal
membrane phospholipids [Saag and Dismukes, 1988].

Fluconazole is currently classified in Category C
based on teratogen studies in animals. FluconazoleFig. 1. Patient at birth with ‘‘pear-shaped’’ nose and exorbitism.

Fig. 2. Patient at birth with ‘‘pear-shaped’’ nose, ‘‘dysplastic’’ ears, ex-
orbitism, and synostosis at elbows.
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given orally to pregnant rats at doses of 5 to 10 mg/kg/
day during pregnancy resulted in no maternal or em-
bryotoxicity. However, there was a dose-dependent in-
crease in malformations beginning at 25 mg/kg/day
with supernumerary ribs and renal pelvic dilatation
noted at doses of 25–50 mg/kg/day. At 80 mg/kg/day
embryolethality with increased malformations includ-
ing wavy ribs, cleft palate, and abnormal craniofacial
ossification were noted [Tachibana et al., 1987] The
types of craniofacial ossification defects were not speci-
fied by the manufacturer. Fluconazole has also been
implicated in the causation of second branchial arch
anomalies in mouse embryos cultured for 48 hours in
rat serum containing 50–75 mg/ml of fluconazole [Ti-

boni, 1993]. When given orally to pregnant rabbits, flu-
conazole produced maternal toxicity at all levels tested
starting at 5 mg/kg/day. At doses of 75 mg/kg/day it
produced abortion [Tachibana et al., 1987].

The usual human dose of fluconazole ranges from 2
to 8 mg/kg/day and is available in intravenous and oral
formulations. Relatively low dose exposure, as seen in
single dose oral administration, has not yet been asso-
ciated with human malformation. In a retrospective
British study evaluating 239 women who had taken
fluconazole around the time of conception, no abnor-
malities could be attributed to the drug [Inman et al.,
1994]. Of the 239 women reported, 60 took the flucona-
zole after their last menstrual period and 43 of these

TABLE I. Comparison of Findings in Fluconazole Embryopathy and Antley-Bixler Syndrome

Antley-Bixler (% with finding)

Fluconazole exposed (% with finding)

Lee
et al., 1992

Pursley
et al., 1996

(1)

Pursley
et al., 1996

(2)
Present

case %%

Craniofacial
Brachycephaly (100) + + − + (75)
Depressed nasal bridge (100) + ? ? − (25)
Dysplastic ears (100) ? + + + (75)
Frontal bossing (100) − − − − (0)
Midfacial hypoplasia (100) + − − − (25)
Pear-shaped nose (100) ? ? ? + (25)
Proptosis (100) − − + + (50)
Large anterior fontanelle (92) + + − + (75)
Long philtrum (89) − − − − (0)
Craniosynostosis (64) + − − + (50)
Choanal stenosis/atresia (62) − − − − (0)
Skeletal
Femoral bowing (100) + + + − (75)
Radiohumeral synostosis (100) + + − + (75)
Femoral fracture (50) + + − − (50)
Thin ribs (0) + − − − (25)
Limbs
Multiple contractures (93) + − − − (25)
Long palms and fingers (86) − − − + (25)
Camptodactyly (71) − − − − (0)
Rockerbottom feet (62) − − − + (25)
Deficiency abnormalities (0) + − + − (50)
Other defects
Cardiac defect (33) − + + − (50)
Early death (54) + − + − (50)
Cleft palate (0) + − − − (25)

Fig. 3. Radiographs at birth showing radiohumeral synostosis.
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went on to delivery. A prospective study of single dose
fluconazole use in the first trimester of pregnancy for
vaginal candidiasis reported by Mastroiacovo et al.
showed no excess anomalies or miscarriages in 226 fe-
tuses exposed to fluconazole. Thus two studies showed
no association of fluconazole and malformations with
low-dose, single-use exposure.

Data provided by the manufacturer suggest that
there is a threshold for fluconazole teratogenicity above
10 mg/kg/day in rats. Whereas a threshold effect for
teratogenicty is common in human pregnancies, it is
still unclear whether low-dose exposure is below a
threshold for teratogenicity in all pregnancies.

Itraconazole, a related azole antifungal agent, has
been shown to be embryotoxic when given to pregnant
rats at doses of 40–160 mg/kg/day with multiple skel-
etal malformations being observed [Van Cauteren et
al., 1987]. Another related azole, ketoconazole, has
been shown to cause dose-dependent embryotoxicity
when given to rats, and at a dose of 80 mg/kg/day re-
sulted in syndactyly and oligodactyly [Buttar et al.,
1991]. A possible case of human teratogenicity (hy-
drops fetalis and multiple limb anomalies) due to ke-
toconazole taken during the first 7 weeks of pregnancy
was reported by Lind [1985].

The patient presented here and those published pre-
viously have anomalies analogous to those seen in ex-
perimental animals. In particular, wavy ribs and ab-
normal craniofacial ossification have been observed in
the exposed infants. Without more detailed descrip-
tions of the anomalies seen in the exposed rats it is
difficult to make detailed correlations.

The similarity to the Antley-Bixler syndrome is also
of note (Table I). Antley-Bixler syndrome comprises
craniofacial and skeletal abnormalities [Hassel and
Butler, 1994] such as midface hypoplasia, choanal atre-
sia, ‘‘dysplastic’’ ears, brachycephaly, radiohumeral
synostosis, frequent fractures, femoral bowing, long
hands, and rockerbottom feet. Our patient and the pre-
viously reported exposed patients have many anoma-
lies that overlap with those of the Antley-Bixler syn-
drome, but none of the patients appear to be typical for
Antley-Bixler. None of the four patients with flucona-
zole exposure had frontal bossing, choanal atresia, or
camptodactyly, anomalies seen in nearly all patients
with Antley-Bixler. Moreover, the occurrence of limb
deficiency in two of the four fluconazole exposed infants
is unusual for the Antley-Bixler syndrome.

One possible explanation for the overlap that is ob-
served is that Antley-Bixler syndrome may represent a
defect in sterol metabolism and that fluconazole inhi-
bition of cytochrome P450 may mimic that defect. Ini-
tial studies on two Antley-Bixler patients (Butler and
Kelley, unpublished data, personal communication,
1996) show no obvious alterations in sterol metabolism.
Evaluation of the other enzymes inhibited by flucona-

zole may shed light on the mechanism of action of flu-
conazole teratogenesis and on the pathogenesis of the
Antley-Bixler syndrome.

Based on the occurrence of similar anomalies in four
offspring of three women treated with fluconazole, we
conclude that fluconazole is a teratogen that produces
an Antley-Bixler-like syndrome when used at high
doses for long duration in early pregnancy for systemic
fungal disease. Case reports alone do not establish the
teratogenicity of pharmacologic agents, and as such we
suggest that a larger epidemiological study be under-
taken to assess the risks for single dose exposure. The
nature of the observed anomalies suggests that the ter-
atogenic effect may occur at a point in gestation before
the woman is aware she is pregnant. Given the current
marketing of this drug for the treatment of vaginal
candidiasis in young women as well as the availability
of other treatment modalities, we think that caution is
warranted in its use.
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