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Abstract Objectives To assess the perinatal and maternal outcomes of pregnant women with
cystic fibrosis (CF) and severe lung impairment.
Methods This was a series of cases aiming to review the maternal and fetal outcomes
in cases of singleton pregnant women with a diagnosis of CF. We have included all of
the cases of singleton pregnancy in patients with CF who were followed-up at the
obstetrics department of the Medical School of the Universidade de São Paulo,
between 2003 and 2016. The exclusion criteria were the unattainability of the medical
records of the patient, and delivery at other institutions. A forced expiratory volume in
1 second < 50% was considered as severe lung impairment. We have also analyzed
data regarding maternal hospitalization and respiratory exacerbations (REs).
Results Pregnant women with CF and severe lung impairment did not present an
association with spontaneous prematurity, fetal growth restriction or fetal demise. All
of the cases involved multiple RE episodes requiring antibiotic therapy. The median
(range) of events per patient was of 4 (2–4) events.
Conclusion Cystic fibrosis patients with severe lung impairment may achieve suc-
cessful term pregnancies. However, pregnancies of women with CF are frequently
complicated by REs, and this population may require hospital admission during the
course of the pregnancy. Cystic fibrosis patients should be followed by a specialized
team with experience in treating respiratory diseases.

Resumo Objetivo Avaliar os desfechos maternos e perinatais de gestações em mulheres
portadoras de fibrose cística (FC) e disfunção pulmonar grave.
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Introduction

Cystic fibrosis (CF) is an inherited autosomal recessive
disease with a worldwide incidence of 1 in between 2,000
and 5,000 live births, and an incidence of � 1 in 7,000 live
births in the Brazilian population.1,2 Genetic mutations in
chromosome 7 lead to impaired transepithelial chloride
transport and thickened secretions in the respiratory and
digestive tracts.3,4 Cystic fibrosis patients may present with
recurrent respiratory infections, bronchiectasis, progressive
deterioration of the lung function, exocrine pancreatic in-
sufficiency, and CF-related diabetes.4

The life expectancyofCFpatientshas increasedmarkedly in
the recent decades.5 Currently, the predicted survival of an
American CF patient is of 41.7 years, and it has been estimated
that infants born in the 2000s will survive beyond the age of
50 years old.5,6 As the life expectancy and the quality of life
improve, the pregnancy rate has also been increasing. The US
CysticFibrosisFoundationreported235pregnantwomenwith
CF in 2015.5 Fair et al7 assessed attitudes toward fertility
among CF adult patients and found that 72% of the women
with CF considered having children to be an important issue.

The first described pregnancy in awomanwith CF resulted
in a pretermnewborn and inmaternal death 6weeks after the
delivery.8 Subsequent studies showed poor maternal out-
comes and high prematurity and miscarriage rates.9,10 In the
1980s, a maternal death rate as high as 15% within the first
2 years of delivery was reported in this population.11

As the therapeutic options for CF have advanced, recent
studies have demonstrated better perinatal andmaternal out-
comes. Goss et al,12 in amatched parallel-cohort study includ-
ing 680 pregnant women with CF, demonstrated that neither
the predicted forced expiratory volume in 1 second (FEV1)
decline ratenor thesurvival ratewerenegatively influencedby
the pregnancy.12 Girault et al13 observed no differences in the
age of delivery, birthweight, Apgar score, cord pH or cesarean

section rates between CF patients and healthy women. Never-
theless, the available data are still inconsistent regarding low
birthweightandprematurity intheoffspringofwomenwithCF
with severe lung function impairment.14,15

Considering the inconclusive available information regard-
ingpregnantwomenwithCFandseverelungdisease, aswell as
the lack of studies on the Brazilian population and on the
profile of airway microbial colonization in Brazilian CF
patients, the present study aims to evaluate the perinatal
and maternal outcomes of pregnant women with CF and
severe lung impairment who were followed-up at a Brazilian
adult CF referral center.

Methods

Wehave analyzed a series of cases comprising all of the cases
of singleton pregnant women with a diagnosis of CF at the
obstetrics department of the Medical School of the Univer-
sidade de São Paulo, between 2003 and 2016. The maternal
and fetal outcomes in this group of patients were reviewed.
The hospital is a referral center for pathologic pregnancies. A
team consisting of obstetricians with experience with preg-
nant women with lung diseases, CF respiratory physicians,
anesthesiologists, dietitians, and chest physiotherapists pro-
vided care during the pregnancy. The charts were systemati-
cally reviewed, and we have collected data regarding
maternal age, weight gain, gestational age at delivery, birth-
weight, Apgar scores, route of delivery, maternal admissions,
intensive care admissions, respiratory exacerbations (REs),
requirement for antibiotic therapy, and profile of airway
microbial colonization. The FEV1, the forced vital capacity
(FVC), and the FEV1/FVC ratio were the lung function meas-
ures considered in the analysis. Cases with an FEV1 < 50%
were regarded as severe lung disease. Quantitative datawere
analyzed by appropriate descriptive statistics (n, percentage,
range, mean, or confidence interval [CI]), using PASW
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Statistics for Windows, Version 18.0 (SPSS Inc, Chicago, IL,
USA). The study protocol was registered and approved by the
Institutional Ethics Review Board (CAPPesq 2.315.811) and
the need for the informed consent from the patients was
waived due to the retrospective nature of the study.

Results

Seven pregnancies were identified, corresponding to five
different women. None of the patients had discussed with
the CF team their motherhood planning before pregnancy. At
the first appointment, the patients had a median age of 24
(18–31) years old, and a median body mass index (BMI) of
19.5 (17–22) kg/m2. The median weight gain was of 4.1
(- 1.4–8) kg. We have not observed any cases of miscarriage,
stillbirth, preeclampsia, gestational diabetes or neonatal
death. The demographic results are shown in ►Table 1.

Themediangestational age atdeliverywasof38 (36.8–38.8)
weeks. Theonlypretermdeliverywasacesareansection (CS)of
a 36 þ 6-week patient who presented with deteriorating

respiratory symptoms. Four women delivered vaginally
(57.1%), but operative vaginal delivery was necessary in 3 of
them (3/4 cases; 75%). One emergency CS occurred due to a
failed forceps delivery (►Table 2). Labor analgesia consisted of
a combinedspinal epidural block inall of the cases.Wehavenot
observed aworsening of thematernal clinical condition during
labor or after the delivery.

Although one case of a small for gestational age fetus
occurred, this diagnosiswas not confirmed after the delivery.
All of the newborns were adequate for the gestational age
and had a median birthweight of 2,944 (2,320–3340) g. We
have not observed any cases of an Apgar score < 7, of cord
pH < 7.2, or of neonatal intensive care admission.

One patient had exocrine pancreatic insufficiency, but no
cases of CF-related diabetes or liver disease occurred. Regard-
ing airwaymicrobial colonization,weobservedaprevalenceof
85.7% (n ¼ 6) forPseudomonas aeruginosa, and a prevalence of
28.6% (n ¼ 2) for Burkholderia cepacia. Five cases (71.4%)
presented with RE. Four cases (57.1%) required hospital ad-
mission, with a median stay of 20.5 (2–36) days. The reasons
for admissionwere RE, hemoptysis, andworsening of dyspnea
(►Table 3). ThepatientscolonizedbyB. cepaciahad thelongest
hospitalization stays (36 and 33 days).

When analyzing the lung function parameters, we exclud-
ed two pregnancies of the same patient, who underwent a
unilateral pulmonary resection. The FEV1 and FVC measures
were 38% (�24.3%) and 58% (�15.9%) of the predicted values,
respectively. All of the cases with an FEV1 < 50% (n ¼ 3)
involvedmultiple RE episodeswith amedian RE frequency of
4 (2–4) events per patient during the pregnancy.

Discussion

The prognosis of pregnancy in women with CF has changed,
and recent data suggest that CF patients can tolerate preg-
nancy without poor maternal or fetal outcomes.16 Our find-
ings corroborate these data because we have not observed
anycases ofmiscarriage, stillbirth, spontaneous prematurity,
neonatal admission to the intensive care unit, small for
gestational age newborns, or maternal death in a subset of
patients with impaired respiratory function.

Early data regarding pregnant women with CF and severe
lung function impairment were dismal. An FEV1 < 50% had
once been recommended as an indication for termination of
the pregnancy.17 Thorpe-Beeston et al9 analyzed a retrospec-
tive cohort of pregnant women with CF and observed that 3
out of 5 patients with a predicted FEV1 < 40% died within
18 months after the delivery. Gilljam et al10 concluded that
an FEV1 < 50% was related to a shorter survival. Severe lung
impairment has been suggested as being associatedwith low
birthweight and prematurity.9,14,15

Our study population did not include any cases of spon-
taneous prematurity or low birthweight newborns, despite
the low FEV1 and a median weight gain of 4.1 kg among the
patients. Our findings are consistent with those from a recent
French case-control study, in which CF patients and healthy
controls had similar mean age of delivery and prematurity
rate, as well as newborns with similar birthweight.14

Table 1 Demographics of the study population

Variables

Maternal age (years old),
median (range)

24 (18–31)

BMI (kg/m2), median (range) 19.5 (17–22)

Weight gain (g),
median (range)

4.1 (-1.4–8)

GA at delivery (weeks),
median (range)

38 (36.8–38.8)

Mode of delivery

Normal vaginal, n (%) 1 (14.2)

Forceps, n (%) 3 (42.9)

Cesarian, n (%) 3 (42.9)

Birthweight (g),
median (range)

2,944
(2,320–3,340)

FEV1 (%), median (range) 38 (35–87)

FVC (%), median (range) 58 (37–75)

Hospital admission (days),
median (range)

20.5 (2–36)

RE episodes

Global – number of events,
median (range)

2 (0–4)

FEV1 < 50%, number of events,
median (range)

4 (2–4)

Medications

Dornase alfa, n (%) 3 (42.9)

Azithromycin, n (%) 4 (57.1)

Tobramycin (inhalation), n (%) 1 (14.2)

Budesonide/Formoterol
(inhalation), n (%)

4 (57.1)

Abbreviations: BMI, body mass index; FEV1, predicted forced expiratory
volume in 1 second; FVC, forced vital capacity; g, grams; GA, gestational
age; IQR, Interquartile Range; RE, respiratory exacerbation.
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Table 2 Lung function and maternal and obstetric outcomes of the pregnancies

Patient Age
(years old)

FEV1
(%)

Mode of
delivery

Indication of the mode of delivery a GA at
delivery
(weeks)

Birthweight
(g)

RE (n)

1

Pregnancy #1 27 25 Cesarean SGA þ maternal clinical deterioration 37 2,320 4

Pregnancy #2 31 33 Cesarean Maternal clinical deterioration 36 þ 6 2,680 2

2 24 50 Normal � 38 3,160 0

3 29 38 Forceps Maternal exhaustion 37 þ 6 2,944 4

4

Pregnancy #1 21 b Forceps Rotational instrumental delivery 38 þ 2 3,160 2

Pregnancy #2 24 b Forceps Maternal exhaustion 38 þ 5 2,930 0

5 18 87 Cesarean Failed forceps 38 þ 6 3,340 4

Abbreviations: FEV1, predicted forced expiratory volume in 1 second; g, grams; GA, gestational age; RE, respiratory exacerbation; SGA, small for
gestational age fetus.
aIndication of cesarean or forceps delivery.
bPatient underwent unilateral pulmonary resection.

Table 3 In-hospital treatment results of pregnant women with cystic fibrosis

Case FEV1
(%)

GA
(weeks)

Indication Microbial Colonization Stay duration
(days)

Treatment a

1 33 Staphylococcus aureus,
Pseudomonas aeruginosa,
Haemophilus influenzaeAdmission #1 32 RE 6 - Oxacillin;

- Ceftazidime;
- RT

Admission #2 36 þ 4 Worsening
dyspnea

5 - RT;
- Glucocorticoids;
- Cesarean section
at 36 þ 6 weeks

2 3 Burkholderia cepacia,
Serratia marcescens
Staphylococcus aureus,
MRSA, Pseudomonas
aeruginosa

Admission #1 18 RE 16 - Oxacillin;
- Meropenem;
- RT

Admission #2 26 Respiratory
sepsis

10 - ICU;
- Oxacillin;
- Ceftazidime;
- RT

Admission #3 32 RE 7 - Oxacillin;
- Meropenem;
- Teicoplanin;
- RT

3 c 25 Hemoptysis Pseudomonas aeruginosa 2 - Bronchoscopy

4 87 Burkholderia cepacia,
Pseudomonas aeruginosa,
Staphylococcus aureusAdmission #1 16 Pneumoniab 12 - Clarithromycin

Admission #2 31 RE 11 - Oxacillin;
- Ceftazidime;
- RT

Admission #3 38 RE 13 - Oxacillin;
- Ceftazidime;
- Spontaneous vaginal delivery

Abbreviations: FEV1, predicted forced expiratory volume in 1 second; GA, gestational age; ICU, intensive care unit; MRSA, methicillin-resistant
Staphylococcus aureus; RE, respiratory exacerbation; RT, respiratory therapy.
aNote that patients also received antithrombotic prophylaxis (enoxaparin), except for the patient with hemoptysis.
bThis patient had a medical history of recurrent chest infection and received the diagnosis of cystic fibrosis during the pregnancy.
cPatient had a unilateral pulmonary resection.
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Regarding the route of delivery, wehave observed a rate of
75% for operative vaginal delivery among the patients who
gave birth vaginally. Labor progress, fetal monitoring, and
maternal clinical conditions were individually assessed to
define the appropriate route of delivery. Our indications for
forceps delivery were maternal exhaustion and rotational
instrumental delivery. However, it has been previously ad-
vised that women with CF and severe lung disease should
have the second stage of labor shortened in order to prevent
prolonged Valsalva maneuvers.18

Burden et al19 achieved 100% of vaginal deliveries and 3
cases of operative vaginal deliveries among 15 pregnant
women with CF. However, their study population had
higher FEV1 values than ours, and 7 out of 11 patients
had an FEV1 > 50% at admission. Regarding severe lung
disease, Thorpe-Beeston et al9 observed that pregnant
women with an FEV1 < 60% had a higher likelihood of
cesarean delivery.

Pregnant women with CF tended to present with less
frequent spontaneous labor and higher rates of operative
vaginal delivery than healthy controls in a retrospective
case-control study of 33 pregnancies in women with CF.13

The most common negative outcomes in our study were
hospital admission and RE. Despite our small population, we
have observed that 57.1% of the admissions lasted between 2
and 36 days. A retrospective chart review of 43 pregnancies in
an American CF referral center found that 100% of the patients
required hospitalization for RE or for parenteral nutrition.14 A
large retrospective review of 216 pregnant women with CF
enrolled in the Epidemiologic Study of Cystic Fibrosis showed
an increased tendencyof hospital admissions during pregnan-
cy, although this was not statistically significant.20

Recurrent REwas a ubiquitous event in our study popula-
tion. Likewise, Gillet et al21 described that 77.5% of the
pregnant women in the French CF Registry received intrave-
nous antibiotic therapy. Similar to our findings, Cheng et al,14

by analyzing 15 pregnant womenwho had received prenatal
care at their CF center, described an inpatient stay of 19 � 21
days, and a frequency of 2 � 2 of RE per patient.

PregnantwomenwithCFrequiredmoreprenatal visits, had
higher hospitalization rates, and underwent lengthier intrave-
nous antibiotic therapy than healthy women.14,15,20 Chronic
chest infection and recurrent RE are commoncomplications of
CF patients with lung disease.5 Cystic fibrosis patients tend to
be chronically colonized by pathogenic agents such as P.
aeruginosa, Staphylococcus aureus, and B. cepacia.5

Pregnancy has been demonstrated to increase the severity
of chronic P. aeruginosa lung infection in immunomodulated
mice.22 Airway colonization by B. cepacia is known to be
related to severe lung impairment and to poor maternal
outcomes.10 Despite our small series of cases, we have
observed that patients colonized by B. cepacia had the
longest periods of hospitalization.

During the course of pregnancy, acute respiratory infec-
tions are particularly critical, as they may reduce lung
function and lead to a maternal clinical status resulting in
hypoxia.18 Animal models have suggested that maternal
hypoxia might be related to trophoblast cell invasion, in-

creased risk of maternal hypertension, placental insufficien-
cy, and fetal distress.23

Furthermore, pregnancy poses a challenge for lung dis-
ease patients. Maternal physiological changes during preg-
nancy include increases in blood volume and cardiac
output, elevation of the diaphragm, decreases in residual
volume and functional residual capacities, respiratory alka-
losis, hyperventilation, and increased oxygen consump-
tion.24 These changes result in a lack of adaptive
respiratory capacity and in an increased risk of respiratory
failure.25

A team of CF respiratory specialists and obstetricians with
experience with respiratory diseases and pathological preg-
nancies should assist pregnant women with CF to guarantee
an adequate early diagnosis and the management of RE.
Hospital admissions might be more frequent due to the risks
of maternal respiratory failure and fetal distress. Courses of
intravenous antibiotic therapy will likely be required during
pregnancy, and their administration should not be post-
poned due to the possibility of harmful effects on the
fetus.14,15,18,21 Sufficient medical data have confirmed the
safety of the most common antibiotic agents for lung infec-
tion during pregnancy (β-lactam and conventional doses of
aminoglycosides).15,18

Although previous studies have examined the outcomes
of pregnancy in CF patients with mild to moderate lung
impairment, our study population consisted mainly of
patients with severe lung dysfunction.9,12 These findings
might result in selection bias, because we have collected
data from a referral center.

We have performed a single referral center study; conse-
quently, a weakness of our report is its small number of cases.
Importantly, we excluded the FEV1measures of two pregnan-
cies of the same patient who underwent a unilateral pulmo-
nary resection, which might have hampered our analysis.

Conclusion

Our findings corroborate the current belief that evenwomen
with CF and severe lung impairment can achieve a successful
term pregnancy. It is pivotal to note that REs may occur
during the course of the pregnancy. Cystic fibrosis patients
might require prompt hospital admission to avoid both fetal
distress and maternal respiratory compromise. They should
also be followed by a specialized team with experience with
respiratory diseases. Multicenter prospective studies are still
warranted to properly define the odds of obstetric outcomes
and maternal risks.
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