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Fluoroquinolones are avoided during pregnancy due to developmental toxicity in animals. The aim of this study was to assess
the fetal risk after intrauterine fluoroquinolone exposure. We performed an observational study of a prospectively ascertained
cohort of pregnant women exposed to a fluoroquinolone during the first trimester. Pregnancy outcomes were compared to those
of a cohort exposed to neither fluoroquinolones nor teratogenic or fetotoxic drugs. The outcomes evaluated were major birth
defects (structural abnormalities of medical, surgical, or cosmetic relevance), spontaneous abortion, and elective termination of
pregnancy. Pregnancy outcomes of 949 women with fluoroquinolone treatment were compared with those of 3,796 nonexposed
controls. Neither the rate of major birth defects (2.4%; adjusted odds ratio [ORadj], 0.91; 95% confidence interval [CI], 0.6 to 1.5)
nor the risk of spontaneous abortion (adjusted hazard ratio [HRadj], 1.01; 95% CI, 0.8 to 1.3) was increased. However, there was a
nonsignificant increase in major birth defects after exposure to moxifloxacin (6/93, 6.5%; crude odds ratio [ORcrude], 2.40; 95%
CI, 0.8 to 5.6). Neither a critical exposure time window within the first trimester nor a specific pattern of birth defects was dem-
onstrated for any of the fluoroquinolones. The rate of electively terminated pregnancies was increased among the fluoroquin-
olone-exposed women (HRadj, 1.32; 95% CI, 1.03 to 1.7). The gestational ages at delivery and birth weights did not differ between
groups. Our study did not detect an increased risk of spontaneous abortion or major birth defects. These reassuring findings
support the recommendation to allow fluoroquinolone use in early pregnancy in selected cases. After the use of moxifloxacin, a
detailed fetal ultrasound examination should be considered.

Bacterial infections need effective treatment during pregnancy
because they may be hazardous to the health of the mother

and the unborn child. Often the bacterial spectrum requires the
use of second-line agents like fluoroquinolones, but there is un-
certainty concerning the risk for the unborn child. Furthermore,
increasing numbers of fluoroquinolone prescriptions have led to
increasing exposure during unplanned pregnancies (1, 2).

Fluoroquinolones are a class of broad-spectrum anti-infective
agents, which act by inhibiting bacterial DNA gyrase. They have
not been found to be teratogenic in animals (3, 4). Fluoroquino-
lones have a high affinity to bone tissue and cartilage. In 1977,
Ingham et al. reported on arthropathy of weight-bearing joints in
juvenile animals after postnatal exposure to narrow-spectrum
quinolones (5). This effect has also been observed in animal ex-
periments with newer fluoroquinolones (6, 7). Therefore, they are
generally avoided during pregnancy although studies have not
shown any significant risk of cartilage damage in children (8).

Fluoroquinolones cross the human placenta and are found in
the amniotic fluid at low concentrations (9, 10). A few publica-
tions have raised concerns about intrauterine fluoroquinolone ex-
posure. Bach et al. published two cases with abdominal wall de-
fects after fluoroquinolone treatment in early pregnancy (11). A
Danish cohort study based on prescription data raised the concern
that prenatal fluoroquinolone exposure might be associated with
an increased risk of bone malformation (12). The manufacturer
published three cases with limb defects after ciprofloxacin expo-
sure among the 103 pregnancies from their database (13). In con-
trast to these reports, other studies with a total of approximately
1,000 first-trimester exposures did not show an increased risk of
adverse pregnancy outcome after the use of fluoroquinolones
(14–18).

The objectives of this study were to evaluate the risks of spon-
taneous abortion (SAB), elective termination of pregnancy
(ETOP), and major birth defects after first-trimester exposure to
fluoroquinolones.

MATERIALS AND METHODS
Study design. The study design corresponded to a prospective observa-
tional cohort study based on archived pregnancy courses. The exposed
and nonexposed women enrolled between January 1995 and December
2012 were followed prospectively; i.e., neither the outcome of the preg-
nancy nor the results of prenatal diagnostics were known at the time of
enrollment. The study was performed in accordance with the recommen-
dations of the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement adapted to the needs of pregnancy
outcome studies (19, 20). Ethics approval was obtained from the ethics
committee of the Charité Universitätsmedizin Berlin (no. EA4/011/13).
The study was registered at the German Clinical Trials Register (no.
DRKS00004864).

Cohorts. The Berlin Institute for Clinical Teratology and Drug Risk
Assessment in Pregnancy offers risk assessment to pregnant women, phy-
sicians, and other health care professionals who spontaneously contact the
Institute for Clinical Teratology and Drug Risk Assessment in Pregnancy
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for consultation at any time during pregnancy. The patients are asked for
informed consent to monitor the course of their pregnancies. Data collec-
tion is performed using two structured questionnaires at the first contact
and 8 weeks after the estimated date of birth and includes a detailed his-
tory of drug use, demographic characteristics, information on previous
and current obstetrical history, family history, maternal chronic diseases,
and other risks or exposures. The follow-up is focused on pregnancy com-
plications, congenital anomalies, and postnatal disorders. Details of de-
livery, gestational age at birth, sex, birth weight, length, head circumfer-
ence, pH, Apgar score, and, if applicable, pregnancy loss, are also
collected.

In our study, the exposed group consisted of women who had been
treated orally or intravenously with a fluoroquinolone between gesta-
tional week 2 � 0 days and week 12 � 6 days after their last menstrual
period. The cases with concomitant exposure to established teratogens or
fetotoxicants were discussed separately.

The exclusion criteria for the comparison group were exposure to a
fluoroquinolone or to established teratogens or fetotoxicants (acitretin,
carbamazepine, isotretinoin, lenalidomide, methotrexate, mycopheno-
late, phenobarbital, phenprocoumon, phenytoin, thalidomide, valproate,
warfarin, angiotensin type 1 [AT1] receptor antagonists, and angiotensin-
converting enzyme [ACE] inhibitors), the presence of a malignancy, or
treatment with an antiepileptic drug. Subjects in the comparison group
were randomly chosen from all eligible pregnant women who met the
study criteria. They were frequency matched to the fluoroquinolone-ex-
posed cohort for the year of counseling with an approximate ratio of 4:1.

Outcomes. The primary endpoints of this study were the risks of ma-
jor birth defects and spontaneous abortions. In addition, we looked for
substance-specific risks, specific patterns of birth defects, and a critical
exposure time window within the first trimester. The rate of elective ter-
mination of pregnancy was evaluated as a secondary endpoint.

Congenital malformations were classified as major or minor by two
experts according to established standards (21–23). Major birth defects
were defined as structural abnormalities of medical, surgical, or cosmetic
relevance. Classifications were performed independently and blind to ex-
posure data.

Weeks of gestation were calculated from an ultrasound examination
during the first trimester or, if not available, from the last menstrual pe-
riod. If possible, gestational age was given in completed weeks plus days.
Spontaneous abortion (SAB) was defined as spontaneous pregnancy loss
of a fetus �500 g or, if the weight was not known, at �23 completed
gestational weeks. The birth weight was adjusted to gestational age at birth
and sex and classified according to the percentile table derived from the
German Perinatal Study (24).

Statistical analysis. To assess the effects of fluoroquinolone exposure
on the risk of SAB and elective termination of pregnancy (ETOP), Cox
proportional hazards modeling was applied, considering SAB, ETOP, and
live birth as competing events. As the pregnant women were enrolled at
various stages of pregnancy, delayed study entry was taken into account
(25). The analyses were adjusted using maternal age, alcohol consump-
tion, smoking habits, number of previous SABs, number of previous de-
liveries, and number of previous children with congenital abnormalities
as covariates. As the time of exposure varied within the exposed group, no
cumulative incidences of spontaneous abortion were provided.

The effect of fluoroquinolone exposure on the risk of birth defects was
assessed through logistic regression. Crude birth defect rates were calcu-
lated by dividing the total number of infants and fetuses with birth defects
by the number of all live-born infants plus the number of pregnancy losses
with birth defects. Chromosomal or genetic anomalies were considered
separately. The final analyses used propensity score methods for bias re-
duction (26). The propensity score was estimated using boosted regres-
sion trees based on maternal age, alcohol consumption, smoking habits,
number of previous spontaneous abortions, number of previous deliver-
ies, and number of previous children with congenital abnormalities as
covariates (27). The logit of the propensity score was included as a cova-

riate in the logistic regression. Relative risks are stated as adjusted odds
ratios (ORadj) or crude odds ratios (ORcrude). To investigate whether the
risk of birth defects changed with the gestation period at the time of
treatment (critical exposure time window), exposure week was added as a
category to the model described above.

For all analyses including covariates, the missing values were ad-
dressed using multiple imputations by a chained equation, assuming that
the data were missing at random (28). Ten imputed data sets were gener-
ated per outcome, including the respective outcomes and the covariates
used for model adjustment. For each imputed data set, analyses were
performed as described above. The results were then combined using
Rubin’s rule (29). All analyses were done with R version 2.13 (R Develop-
ment Core Team).

RESULTS
Cohort size, exposures, and maternal characteristics. Between
1995 and 2012, the Institute for Clinical Teratology and Drug Risk
Assessment in Pregnancy performed 146,489 consultations on the
reproductive safety of medicinal products and other agents. Inclu-
sion criteria for the fluoroquinolone group were met in 949 com-
pleted cases (Fig. 1). A total of 25,373 cases fulfilled the require-
ments for the comparison group. Of these, a total of 3,796
pregnant women were randomly chosen as described above.

The most frequent treatment indications for fluoroquinolones
were urinary tract infections (50.4%), followed by respiratory

FIG 1 Number of fluoroquinolone-exposed cases.
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tract infections (18.4%) (see Table S1 in the supplemental mate-
rial). Nineteen patients were exposed to two or more fluoroquino-
lones during the first trimester. Ciprofloxacin (n � 407) was the
most prevalent fluoroquinolone, followed by ofloxacin (n � 170),

levofloxacin (n � 136), moxifloxacin (n � 108), norfloxacin (n �
97), enoxacin (n � 20), gatifloxacin (n � 12), fleroxacin (n � 5),
grepafloxacin (n � 5), trovafloxacin (n � 5), pefloxacin (n � 2),
and lomefloxacin (n � 1). The vast majority of women received
their antibiotics orally; only eight of them had an intravenous
treatment. Duration of therapy was between 1 day and long-term
therapy throughout pregnancy in a case of cystic fibrosis. Only
17% of the women were treated longer than 7 days. As shown in
Table 1, the maternal characteristics were comparable between the
cohorts.

Pregnancy outcome and neonatal characteristics. The preg-
nancy outcomes and neonatal characteristics are shown in Table
2. The rate of live births was lower in the study cohort than in the
comparison cohort due to more frequent SABs and ETOPs. SABs
occurred in 87/949 (9.2%) cases of the fluoroquinolone cohort
and in 292/3,796 (7.7%) of the comparison cohort. After adjust-
ment, the risk of spontaneous abortion was not significantly in-
creased in the fluoroquinolone cohort (adjusted hazard ratio
[HRadj], 1.01; 95% confidence interval [CI], 0.8 to 1.3), whereas
ETOPs occurred more frequently (HRadj, 1.32; 95% CI, 1.03 to
1.7). The gestational week at ETOP and the reason for the ETOP
did not differ considerably between groups (see Table S2 in the
supplemental material). Gestational age at birth, sex, and birth
weight did not differ between groups (see also Fig. S1 in the sup-
plemental material).

Congenital malformations. The proportion of infants with

TABLE 1 Maternal characteristics

Characteristic

Result for:

Study cohort
Comparison
cohort

No. of pregnancies 949 3,796
Maternal age (total no.) 937 3,732

Maternal age (median [interquartile range])
(yr)

31 (26–34) 31 (27–35)

BMIa (total no.) 434 1,721
BMI (median [interquartile range]) (kg/m2) 22 (20.3–25) 22.5 (20.5–25.1)

Mother’s education (total no.) 369 1,552
No graduation (no. [%]) 4 (1.1) 13 (0.8)
9-yr exam (no. [%]) 15 (4.1) 105 (6.8)
10-yr exam (no. [%]) 131 (35.5) 452 (29.1)
13-yr exam (Abitur) (no. [%]) 84 (22.8) 371 (23.9)
Academic study (no. [%]) 135 (36.6) 611 (39.4)

Smoking (total no.) 922 3,668
No (no. [%]) 766 (83.1) 2,982 (81.3)
�5 cigarettes/day (no. [%]) 57 (6.2) 181 (4.9)
�5 cigarettes/day (no. [%]) 99 (10.7) 505 (13.8)

Alcohol (total no.) 921 3,657
No (no. [%]) 864 (93.8) 3,452 (94.4)
�1 drink/day (no. [%]) 46 (5) 128 (3.5)
�1 drink/day (no. [%]) 11 (1.2) 77 (2.1)

Illicit drugs (total no.) 912 3,636
No (no. [%]) 909 (99.7) 3,552 (97.7)
Yes (no. [%]) 3 (0.3) 84 (2.3)

Folic acid (total no.) 447 1,822
Yes (no. [%]) 402 (89.9) 1,673 (91.8)
No (no. [%]) 45 (10.1) 149 (8.2)

Positive attitude toward pregnancy (total no.) 834 3,195
Yes (no. [%]) 715 (85.7) 2,845 (89)
No (no. [%]) 24 (2.9) 62 (1.9)
Indifferent (no. [%]) 95 (11.4) 288 (9)

Previous pregnancies (total no.) 926 3,704
0 (no. [%]) 447 (48.3) 1,673 (45.2)
1 (no. [%]) 256 (27.6) 1,117 (30.2)
2 (no. [%]) 146 (15.8) 537 (14.5)
�3 (no. [%]) 77 (8.3) 377 (10.2)

Previous deliveries (total no.) 925 3,692
0 (no. [%]) 514 (55.6) 1,986 (53.8)
1 (no. [%]) 282 (30.5) 1,151 (31.2)
2 (no. [%]) 105 (11.4) 409 (11.1)
�3 (no. [%]) 24 (2.6) 146 (4)

Previous SABsb (total no.) 924 3,629
0 (no. [%]) 815 (88.2) 3,108 (85.6)
1 (no. [%]) 83 (9) 389 (10.7)
�2 (no. [%]) 26 (2.8) 132 (3.6)

Previous ETOPsc (total no.) 924 3,622
0 (no. [%]) 850 (92) 3,335 (92.1)
1 (no. [%]) 60 (6.5) 233 (6.4)
�2 (no. [%]) 14 (1.5) 54 (1.5)

Previous children with birth defects (total no.) 924 3,615
0 (no. [%]) 908 (98.3) 3,546 (98.1)
1 (no. [%]) 15 (1.6) 65 (1.8)
�2 (no. [%]) 1 (0.1) 4 (0.1)

Gestational wk at first contact (total no.) 949 3,796
Gestational wk at first contact (median

[interquartile range])
7.1a (6–9) 8.1 (6–13)

a BMI, body mass index.
b SAB, spontaneous abortion.
c ETOP, elective termination of pregnancy.

TABLE 2 Pregnancy outcomes and neonatal characteristics

Outcome or characteristic

Result for:

Study cohort Comparison cohort

No. of pregnancies 949 3,796
SABsa (no. [%]) 87b (9.2) 292 (7.7)
ETOPsc (no. [%]) 94 (9.9) 233 (6.1)
Stillbirths (no. [%]) 1 (0.1) 10d (0.3)
Live births (no. [%]) 768b (80.9) 3,262d (85.9)

No. of live-born infants 775e 3,318f

Gestational wk at birth (total no.) 771 3,302
Gestational wk at birth (median

[interquartile range])
40 (38–40) 39 (38–40)

Preterm (�37 wk) (no. [%]) 69 (8.9) 316 (9.6)
Term (�37 wk) (no. [%]) 702 (91.1) 2,986 (90.4)

Sex (total no.) 765 3,279
Female (no. [%]) 370 (48.4) 1,582 (48.2)
Male (no. [%]) 395 (51.6) 1,697 (51.8)

Weight (total no.) 769 3,277
Weight (median [interquartile

range]) (g)
3,375 (3,060–3,700) 3,340 (2,995–3,680)

Length (total no) 753 3,230
Length (median [interquartile

range]) (cm)
51 (50–53) 51 (49–53)

Head circumference (total no.) 666 2,889
Head circumference (median

[interquartile range]) (cm)
35 (34–36) 35 (34–36)

a SAB, spontaneous abortion.
b Including a multiple pregnancy ending in an SAB and in 1 live-born child.
c ETOP, elective termination of pregnancy.
d Including a set of twins ending in a live-born and stillborn infant at gestational week 25.
e Including 7 sets of twins.
f Including 54 sets of live-born twins and 1 live-born triplet.
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birth defects in each group is shown in Table 3. Major birth defects
were present in 19/779 (2.4%) children in the fluoroquinolone
group and in 93/3,329 (2.8%) in the comparison group (ORadj,
0.91; 95% CI, 0.6 to 1.5). Table 4 presents details on all infants with
major birth defects in the exposed group (for minor birth defects,
see Table S3 in the supplemental material, and for congenital
anomalies with a chromosomal or genetic background, see Table
S4 in the supplemental material). Fig. S2 in the supplemental ma-
terial illustrates the courses of pregnancies with birth defects in the
fluoroquinolone cohort. The distribution of major birth defects
by organ system was not different between the two cohorts (see
Table S5 in the supplemental material). Table 5 presents the major
birth defect rate by substance. A higher but still not significant risk
of major birth defects was found in association with moxifloxacin
(6.5%; ORcrude, 2.4; 95% CI, 0.8 to 5.6).

Critical exposure time window within the first trimester. To
screen for a teratogenic time window within the first trimester, the

TABLE 3 Birth defect rates and adjusted odds ratios

Birth defect

Birth defect rates (no./total no.
[%]) for:

ORadj (95% CI)aStudy cohort
Comparison
cohort

All birth defects 45/783b (5.7) 227/3,343b (6.8) 0.89 (0.6–1.2)
Major birth defects 19/779b (2.4) 93/3,329b (2.8) 0.91 (0.6–1.5)
Minor birth defects 17/775b (2.2) 106/3,318b (3.2) 0.70 (0.4–1.2)
Congenital anomalies

with chromosomal
or genetic
background

9/779b (1.2) 27/3,332b (0.8) 1.73 (0.8–3.8)

a ORadj, adjusted odds ratio; CI, confidence interval.
b Various denominators are due to various numbers of elective terminations of
pregnancy/spontaneous abortions with major, minor, or genetic birth defects
considered in numerators and denominators.

TABLE 4 Details of major birth defects in the fluoroquinolone cohort

Infant
no.

GW at
birth/ETOPa Birth defect(s)b Substance(s)

Dosage
(mg/day)

GW at
exposure Coexposure (trimester)

1 38 VSD Ciprofloxacin 2 � 250 3–4 Salbutamol (1)
2 39 Polydactyly, microcephaly Ciprofloxacin Unknown 3–4 Ibuprofen (1), clindamycin (1), head

X-ray (1), nicotine (1–3)
3 40 VSD Ciprofloxacin 2 � 250 4–5 Ibuprofen (1)
4 34 Gastroschisis Ciprofloxacin 2 � 500 1–2 Doxycycline (1), ambroxol (1)
5 38 Hypospadias (degree unknown,

operation recommended)
Ciprofloxacin 500 3 Acyclovir (1), erythromycin (1),

budesonide (1), oxytetracycline
(1), nicotine (1–3)

6 36 ASD Ciprofloxacin;
levofloxacin

2 � 500;
unknown

0–36; 3rd
trimester

Azithromycin (1–3), aztreonam
(1–3), colistin (1–3), fenoterol
(1–3), ipratropium (1–3),
pancreatin (1–3), salbutamol
(1–3), vitamin K (1–3), insulin
(2–3), ceftazidime (3), ivacaftor
(3), meropenem (3)

7 19 (ETOP) Spina bifida occulta with
hydrocephaly

Ciprofloxacin 500 3–5 Metamizole (1)

8 15 (ETOP) Univentricular heart Ciprofloxacin Unknown 7–8 Penicillin (1)
9 12 (ETOP) Atrioventricular canal Levofloxacin;

moxifloxacin
500; 400 5–6; 5 Glatiramer (1–2), corticosteroid (1)

10 32 Cleft lip and palate Moxifloxacin Unknown 7–8 Ibuprofen (1), nicotine (1–3)
11 40 VSD, tricuspidal valve

insufficiency
Moxifloxacin Unknown 2–3

12 41 VSD, PFO Moxifloxacin 400 5 Topical nifuratel (1), topical
hexetidine (2)

13 27 (ETOP) Arnold-Chiari malformation,
myelomeningocele

Moxifloxacin 400 6–7 Chest X-ray (1), myrtol (1)

14 40 Tetralogy of Fallot Moxifloxacin Unknown 6–7 Ramipril (1), xipamide (1–2)
15 38 Hemangioma on forehead Norfloxacin Unknown 3–4 Topical clotrimazole (1–2)
16 37 Finger II–V left hand without

bones, hypoplastic thumb
Ofloxacin Unknown 4 Topical dequalinium (1), ampicillin

(3), fenoterol (3), corticosteroid
(3), metoprolol (3)

17 38 Hydronephrosis, skin tag on
digit V both hands (ligated)

Ofloxacin 400 3–4 Intravenous pyelogram with contrast
agent (1)

18 41 Poland syndrome Ofloxacin 100 4 Clemastine (1), salbutamol (1–3),
beclomethasone (1–3)

19 40 Aortic coarctation, persistent
left superior vena cava, ASD,
PDA

Ofloxacin Unknown 5–6 Citalopram (1), ibuprofen (1),
arbutin (1), amoxicillin (1),
topical acyclovir (1)

a GW, gestational week; ETOP, elective termination of pregnancy.
b ASD, atrial septal defect; PDA, patent ductus arteriosus; PFO, patent foramen ovale; VSD, ventricular septal defect.
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data were analyzed according to the onset of fluoroquinolone ex-
posure. Nineteen cases were excluded from this analysis because
the exact week of treatment was unknown (n � 1) or the exposure
lasted longer than 14 days (n � 18). Most women (84%) began
therapy within the first 5 weeks of pregnancy (Fig. 2). The major
birth defect rate was slightly increased after onset of therapy
within gestational week 7. However, the absolute numbers are
low, and in relation to the comparison group, the differences did
not reach significance (Table 6).

DISCUSSION

This study prospectively evaluated a cohort of 949 pregnant
women after systemic first-trimester exposure to fluoroquinolo-
nes. To the best of our knowledge, it is the largest study on fluo-
roquinolones and pregnancy outcome published so far. Except for
the rate of ETOP, we did not find an increased risk for any of the
endpoints studied. The higher rate of ETOP might be due to more
unplanned pregnancies and fear of malformations in the exposed
cohort. However, these variables are not ascertained regularly, so
it was not possible to include them as confounders to the analyses.

The rate of major birth defects after first-trimester exposure to
fluoroquinolones was not increased compared to that for the non-
exposed group, which is consistent with the results of most pub-
lications (14–18). Bach et al. described abdominal wall defects
after fluoroquinolone exposure (11). In the present study, only
one exposed child with gastroschisis was observed (ciprofloxacin
from week 1 � 4 days until week 2 � 1 day) (Table 4, infant no. 4).
A causal relationship seems unlikely because of the early exposure

and the short half-life of ciprofloxacin of 3 to 5 h. Two publica-
tions discussed an increased risk of skeletal malformations after
intrauterine fluoroquinolone exposure. In a prescription study by
Wogelius et al., based on 130 exposed cases, the total malforma-
tion rate was not increased. Although not resembling each other,
in three out of four birth defects the skeleton was affected: asym-
metrical closure of the cranial sutures, polydactyly, and clubfoot
(12). Among 103 pregnancies which were reported to the manu-
facturer Bayer, 3 children were born with different limb reduction
defects (aplasia of the right femur, amelia of the forearm, and a
femur-fibular-ulna complex) (13). The two children with skeletal
malformations in the present study, namely, polydactyly and a
limb reduction defect also did not show any specific pattern
(Table 4, infant no. 2 and 16). Furthermore, there was one child
with Poland syndrome including involvement of the limbs (Table
4, no. 18). In conclusion, neither the risk of abdominal wall nor
the risk of skeletal defects differed between cohorts (see Table S5 in
the supplemental material).

It is important to note that the sample size of this study was
sufficient to detect a 1.5- to 2-fold increase in the risk of major
birth defects, given a baseline risk of 3% with a power of approx-
imately 80%. The pregnancies exposed to established teratogens
or fetotoxicants were excluded from the comparison group but
not from the exposed group in order to observe any effects possi-
bly caused by fluoroquinolones. This different approach did not
seem to have altered the results, as the birth defect rate was not in-
creased after fluoroquinolone exposure. Only one child with a major
birth defect (tetralogy of Fallot) in the exposed group was concomi-
tantly exposed to a developmental toxicant (ramipril until gestational
week 11) (Table 4, no. 14). Although first-trimester effects of ACE
inhibitors were suggested by one study, the majority of data supports
a fetotoxic hazard only beyond the first trimester (30–32).

Although not significant, the major birth defect rate of 6.5%
after moxifloxacin exposure is noteworthy. To our knowledge, the
pregnancy outcome after first-trimester exposure to moxifloxacin
has not yet been reported. As the number of moxifloxacin-ex-
posed women in our study (n � 108) is still limited, further studies
are needed to evaluate the potential risks of this drug.

Most women received short-time therapy. Therefore, each ex-

TABLE 5 Major birth defect rates by specific fluoroquinolones

Fluoroquinolone
No. (%; 95% CI)
of major birth defects

Ciprofloxacin 8/336 (2.4; 1.0–4.6)
Ofloxacin 4/137 (2.9; 0.8–7.3)
Levofloxacin 1/112a (0.9; 0.02–4.9)
Moxifloxacin 6/93a (6.5; 2.4–13.5)
Norfloxacin 1/77 (1.3; 0.03–7.0)
a One case that was exposed to moxifloxacin and levofloxacin is included under both
agents.

FIG 2 Gestational week at onset of fluoroquinolone exposure.
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posed pregnancy is informative only for a limited period of or-
ganogenesis within the first trimester and not for the entire first
trimester. To address this problem, in this study, we used ad-
vanced methods to assess the influence of particular exposure pe-
riods within the first trimester on the risk of malformations. No
specific risk of fluoroquinolones for any particular exposure time
was identified. However, the number of exposed women de-
creased with advancing gestation, especially after week 6.

Assessing the risk of chondrotoxicity after intrauterine fluoro-
quinolone exposure was not an objective of this study. If there is a
risk at all, it is assumed that this effect occurs after exposure in later
pregnancy. Furthermore, arthropathy, as observed in postnatally
exposed animals, is usually diagnosed later in life and not during
the first 8 weeks after delivery.

The strengths and limitations of prospective observational
pregnancy outcome studies have been described in detail else-
where (20). The prospective approach of this study with similar
procedures of ascertainment across cohorts ensures that a sub-
stantial bias of exposure and outcome data is unlikely. While this
is the largest prospective cohort study on fluoroquinolones during
pregnancy, the sample size is still too small to reach a final assessment
of the safety and risks of this group of antibiotics in pregnancy.

In conclusion, in this study, we did not observe an increased
risk for the unborn after fluoroquinolone therapy during the first
trimester. These reassuring findings support the recommendation
to allow fluoroquinolone use in early pregnancy in selected cases
of bacterial resistance or intolerance to first-line antibiotics. A de-
tailed fetal ultrasound examination should be considered in cases of
first-trimester exposure to moxifloxacin, due to the observed trend
toward an increased risk of birth defects with this drug.
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