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Abstract

Pregnancy related modifications play an important role for the physiology of respiratory system. Therefore,
chronic respiratory diseases have a different clinical presentation and management during pregnancy. The present
article focuses on the particularities of the main respiratory conditions in pregnancy.

The management of asthma, one of the most common chronic illnesses in pregnancy, remains largely
unchanged compared to the nonpregnant state.

Pregnancy does not seem to interfere with the course of sarcoidosis. Considering the risk of relapse after
delivery, pregnant women with a sarcoidosis history should benefit from clinical and radiological follow-up.

Molecular testing for cystic fibrosis mutations is widespread and it is the routine in reproductive decision-
making and diagnosis.

Diagnosis of tuberculosis in pregnancy may be challenging, its symptoms can be confused with those of a
normal pregnancy. Moreover, the pregnancy weight gain can mask the tuberculosis associated weight loss. Rifampicin,
INH and Ethambutol are the first line drugs while Pyrazinamide use in pregnancy is gaining  more and more
popularity.

Women with obstructive sleep apnea during pregnancy may have a significantly higher risk of developing
hypertensive pregnancy disorders: gestational hypertension, preeclampsia or eclampsia.

Introduction

Respiratory pathology is quite frequently
encountered among pregnant women requiring
careful, early and repeated follow-up.

Physiologic changes in the respiratory
system with pregnancy

Pregnancy is associated with
profound anatomical, physiological, and biochemical
changes, which affect the different organ systems
variably. Changes begin soon after fertilization and
continue throughout gestation.

The respiratory mechanics are physiologically
modified during pregnancy. Normally  the breathing

muscles take part actively in inspiration,  while the
exhalation is a  passive process [1].

Mechanical changes to the respiratory
system during pregnancy are the result of several
adaptations that women’s body undergoes in order
to accommodate the growing uterus in the abdomen.
Understandably, the diaphragm is elevated by about
4-5 cm from its original position [2]. The clinical
implication of this change is that a higher approach
might be necessary while performing a thoracentesis
on a pregnant woman. There is also an increase in
the chest wall circumference and the anteroposterior
diameter, resulting from hormone induced relaxation
of ligaments connecting the ribs to the sternum
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leading to an outward flare of the lower ribs. There
is anecdotal experience to suggest that this leads to a
mechanical stress on the lower ribs predisposing
pregnant women to stress fractures from even minor
trauma such as coughing [3,4].

Pregnancy has a major impact upon lung
volumes. It is associated with a 30-50% increase in
tidal volume (TV), which occurs at the expense of
the functional residual capacity (FRC) (FRC Ľ residual
volume (RV) + expiratory reserve volume (ERV))
[5]. Despite the changes in TV and FRC, spirometry
remains unchanged in pregnancy. Therefore,
abnormal spirometry results should be attributed to
underlying respiratory illness and not to pregnancy
itself.

Essentially, the respiratory rate remains
unchanged, while the current volume and rest
ventilation increase significantly with the evolution
of the pregnancy [6].

The lower partial pressure of carbon dioxide
(PaCO2) in the maternal circulation results in a state
of chronic respiratory alkalosis (pH 7.4-7.45), which
is compensated for by an increase in renal excretion
of bicarbonate, leading to a reduced serum
bicarbonate level of 18-21 mmol/L. On the one hand,
lower bicarbonate levels shift the hemoglobin oxygen
dissociation curve to the right, so that the affinity of
maternal hemoglobin to oxygen is reduced, thereby
facilitating the transfer of oxygen to the fetus. On
the other hand, this reduction in bicarbonate results
in a lower buffering capacity, which makes the
pregnant woman particularly susceptible to acidosis
[5].

ASTHMA IN PREGNANCY

Asthma is the most common chronic disease
in pregnant women and pregnancy itself is a risk factor
for asthma exacerbations [7]. Its progression during
pregnancy may improve, remain  the same or worsen,
especially in cases where there is a loss of clinical
control. This can lead to maternal and fetal hypoxia
with severe perinatal outcomes [8]. More than a third
of women with asthma will have an exacerbation that
requires medical intervention during pregnancy [9],
usually during the second trimester [10].

International guidelines recommend a
monthly evaluation during pregnancy and self-
medication in emergencies [11]. The recommended
management of asthma during pregnancy is
represented by inhaled corticosteroids as a
predominant drug and short-acting beta-agonists
(salbutamol) as a release medication [12,13].
However, non-compliance with drug treatment during
pregnancy is a significant clinical problem. Previous
studies have shown a decline in prescription
medication for asthma medications in the first
trimester, which returns to pre-pregnancy values only
in the last trimester of pregnancy [14,15]

Exacerbation of asthma and the use of high-
dose oral corticosteroids (OCS) during pregnancy are
associated with an increased risk of perinatal adverse
effects including premature birth, low birth weight,
adrenal suppression of the newborn, associated with
the occurrence of oral malformations (cleft lip and
palate), however, the active use of asthma during
pregnancy may reduce this risk [16,17].

In case of acute exacerbation of asthma in
pregnancy, ventilation is required in an emergency
department, most often systemic corticotherapy being
used. The target of oxygen therapy is to maintain
oxygen saturation to a SaO2 value of 95% for the
well-being of the fetus. Theophylline is only
administered in acute conditions. The therapy should
be aggressive;  asthma exacerbations exposing the
fetus to significant risks [16]

The choose od the delivery route depends
on the clinical status: in case of uncontrolled medical
asthma caesarean section is recommended, while in
all other cases, vaginal delivery is possible [16,17].

SARCOIDOSIS AND PREGNANCY

Sarcoidosis is a multisystem granulomatous
disease of unknown etiology. Its frequency it is
estimated to be 1: 1500-2000 pregnancies [18].

Chapelon et al. described a hypothetical risk
of low birth weight with the use of corticosteroids
[19]. In contrast other studies did not  find  major
complications related with corticosteroids use in
pregnancy except for a  slightly higher risk for
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preeclampsia , neonatal hypoglycemia,  and
hyperbilirubinemia [20].

The functional pulmonary tests revealed a
decrease in pulmonary volumes and a reduction of
the diffusion capacity. The pulmonary function should
be evaluated periodically and the corticosteroid dose
should be adjusted as needed. With the onset of
pregnancy, symptoms of sarcoidosis improve due to
the increase in circulating corticosteroids and
suppressed immune response in pregnancy, but they
get worse immediately after birth.

Women with sarcoidosis can carry out
successful pregnancies, however should be made
aware of the higher risk of adverse events. Given
the higher risk of venous thromboembolic events,
consideration should be given to thromboprophylaxis
in pregnancy [18].

CYSTIC FIBROSIS (MUCOVISCIDOSIS)
IN PREGNANCY

Cystic fibrosis (CF) is an autosomal recessive
disease. While men with illness are usually infertile,
women can conceive. It is difficult to predict the
consequences of pregnancy in terms of disease and
the impact of the disease on the growing fetus. Early
pre-existing pulmonary function, low body mass
index, diabetes mellitus associated with cystic fibrosis,
chronic microbial colonization and transplanted lungs
are the main risk factors for complications during
pregnancy in patients with cystic fibrosis. [21]

Clinical CF is associated with mutations in
the Cystic fibrosis transmembrane conductance
regulator (CFTR) gene. The most common mutation
among Caucasians, ÄF508, was identified in 1989.
Genetic testing is now  widely used in newborn
screening, diagnosis, and reproductive decisions [22].
Moreover, in affected families a particular CFTR
mutation can be detected as early as in the
preimplantation period for in vitro fertilization or in
the first or early second trimester of pregnancy.

The disease is determined by mutations in
the CFTR gene, which encodes a transmembrane
chloride ion channel. One mutation, ÄF508, causes
approximately 70% of CF cases (~50% of CF patients
are homozygous for this mutation) in Caucasian

populations. Other mutations are far rarer. Mutation
and carrier rates vary by ethnicity. CFTR mutations
lead to excessively thick and sticky mucus and, as a
result, to frequent infections in the lungs.
Approximately 90% of CF patients die from
obstructive lung disease [23,24]

Reproductive counseling is difficult due to
the diversity of disease-causing variants in the CFTR
(cystic fibrosis transmembrane conductance
regulator) gene and the complexity of correlations
between genotypes and associated phenotypes, so
that attitudes and practices toward the risks for future
offspring can vary greatly between countries [25]

The use of bronchodilators and respiratory
recovery is recommended [26]. The respiratory
infections should be treated aggressively [26]. The
pregnancy surveillance should be  performed by a
team formed can potentially be  associated with
chronic maternal hypoxemia and of fetal growth
retardation.

Patients with normal prenatal pulmonary
function and good nutritional status have a high
probability of maternal and fetal favorable response.
Life expectancy and the quality of life of patients
with cystic fibrosis have steadily increased for several
decades due to increased therapy and research.
Correspondingly, the number of pregnancies in
women with cystic fibrosis increases [26,27].

TUBERCULOSIS IN PREGNANCY

Tuberculosis (TB) has been recognized as
an important cause of morbidity and mortality in
pregnancy for nearly a century, but the implementation
of  TB screening and treatment in high risk populations
such as those with a high prevalence of HIV or other
diseases of poverty, have succeeded  to  prevent
mother-to-child transmission [28]. Tuberculosis has
been on the rise in tandem with HIV/AIDS. This is
because people with HIV/AIDS, whose immune
systems are weakened, have with a 20–37 times the
risk of developing a progressive disease compared
with HIV negative individuals [29].

The newborns born from mothers with active
TB disease will contract congenital TB. Congenital
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TB can be subclinical or associated with a number
of congenital defects.

Tuberculosis not only accounts for a
significant proportion of the global burden of disease,
it is also a significant contributor to maternal mortality,
with the disease being among the three leading causes
of death among women aged 15–45 years [30].

Researchers from the days of Hippocrates
have expressed their worries about the untoward
effects that pregnancy may have on preexisting
tuberculosis. Pulmonary cavities resulting from
tuberculosis were believed to collapse due to
increased intra-abdominal pressure associated with
pregnancy. This belief was widely held until the
beginning of the fourteenth century. Researchers like
Hedvall [31] and Schaefer [32], however,
demonstrated no net benefit or adverse effect of
pregnancy on the progression of TB. Frequent,
consecutive pregnancies may, however, have a
negative effect, as they may promote recrudescence
or reactivation of latent tuberculosis.

The effect  of TB upon pregnancy depends
on several factors such as: the severity of the clinical
form the time from diagnosis, extrapulmonary forms
, HIV coinfection and the current  treatment [33] .
The worst prognosis was recorded in women in whom
a diagnosis of advanced disease is made in the
puerperium as well as those with HIV coinfection.
Non- compliance to the treatment worsens the
prognosis [33]. Several obstetric complications have
been reported: a higher rate of spontaneous abortion,
low birth weight/intrauterine growth restriction, and
suboptimal weight gain in pregnancy [34,35], preterm
labor, and increased neonatal mortality [33].

Congenital tuberculosis is a rare complication
of in utero tuberculosis infection [36,37]. Congenital
tuberculosis may be the result of haematogenous
spread through the umbilical vein to the fetal liver or
by ingestion and aspiration of infected amniotic fluid
[38]. Congenital tuberculosis may be difficult to
distinguish from other neonatal or congenital
infections from which similar symptoms may arise in
the second to the third week of life. These symptoms
include hepato-splenomegaly, respiratory distress,
fever, and lymphadenopathy. Radiographic

abnormalities may also be present but these generally
appear later [33].

In pregnant women with suggestive
symptoms and signs of TB, a tuberculin skin test should
be carried out. Even though widely accepted as safe
in pregnancy the sensitivity of tuberculin test during
pregnancy seems to be reduced  [39,40].  Recent
studies revealed no significant differences in the
pregnant and non-pregnant populations [41].

The two types of tuberculin skin tests exist.
Tine Test utilizes an instrument with multiple needles
that are dipped in a purified form of the TB bacteria
called old tuberculin (OT). The skin is pricked with
these needles and the reaction is analyzed 48–72 hours
later. Mantoux Test.- a single-needle intradermal
injection of 0.1 mL of purified protein derivative (5
Tuberculin units) is administered, and the skin reaction
is analyzed 48–72 hours later, based on the largest
diameter of the indurations developed. It is a more
accurate and reproducible test than the Tines test
[41].

The management of tuberculosis in
pregnancy is a multidisciplinary approach, including
obstetrician, communicable disease specialty
personnel, neonatologists, counselling unit, and public
health officials.

Isoniazid (INH)  is considered to be safe
during pregnancy even in the first trimester, though it
can cross the placenta [42]. The women must,
however, be followed up because of the possibility of
INH-induced hepatotoxicity. Rifampicin is also
believed to be safe in pregnancy, though in an unknown
proportion of cases, there may be an increased risk
of hemorrhagic disorders in the newborn [42].

Ethambutol- the retrobulbar neuritis that
may complicate the use of this drug in adults generated
the fear that it may interfere with ophthalmological
development when used in pregnancy but this has
not been demonstrated when the standard dose is
used. Also an increased percentage of miscarriages
have been reported from  experimental studies[43].
The use of Pyrazinamide in pregnancy was avoided
by many physicians for a  long t ime due to
unavailability of adequate data regarding the
teratogenicity. It is particularly indicated in women
with tuberculous meningitis in pregnancy, HIV
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coinfection, and suspected INH resistance [44].
Streptomycin - the drug has been proven to be
potentially teratogenic throughout pregnancy being
link to fetal malformations and eighth-nerve paralysis,
with deficits ranging from mild hearing loss to bilateral
deafness [44].

Breastfeeding is simply the cheapest and
healthiest way to feed a baby. The American
Academy of Pediatrics recommends it for TB
women with that have been treated appropriately for
two weeks or more and who are not considered
contagious [45]. Breastfed infants may receive as
much as 20% of the therapeutic dose of INH for
infants, while other antituberculous drugs are less
excreted in maternal milk. No toxicity has been
reported from this small concentration in breast milk
[44]

For women at risk, pregnancy provides an
important opportunity to screen for latent TB
infection. However, adherence to post-partum follow-
up and treatment is much lower, making pregnancy a
missed opportunity for treatment of latent infection
[46]

OBSTRUCTIVE SLEEP APNEA IN
PREGNANCY

Pregnancy appears to predispose women to
the development of obstructive sleep apnea (OSA)
due to dynamic physiological changes [47].
Furthermore, the obesity epidemic now affects
women of childbearing age [48] is likely a major
contributor to OSA in this young population.

Obstructive sleep apnea is a common
disorder that causes patients to temporarily stop or
decrease their breathing repeatedly during sleep. This
results in fragmented, non-restful sleep that can lead
to symptoms such as morning headache and daytime
sleepiness [49]

The prevalence of obstructive sleep apnea
increases with body mass index, age and the presence
of other co-morbidities. Untreated OSA in women is
associated with a series of co-morbidit ies:
cardiovascular, pulmonary and metabolic; recent
studies suggest that women with obstructive sleep
apnea during pregnancy may have a significantly

higher risk of developing hypertensive pregnancy
disorders: gestational hypertension, preeclampsia or
eclampsia [50].

Mechanisms underlying the association of
gestational hypertensive disorders and gestational
diabetes with OSA have been speculated, but
mechanistic data remain scarce.  The intermittent
hypoxemia can affect placental gas exchanges  [51].
Moreover overweight and cardiovascular
comorbidities are associated independently with an
increased risk for developing preeclampsia and
gestational diabetes.

Pregnant women with OSA have an
increased risk of having a longer in-hospital stay for
delivery than women without OSA as well as a higher
risk of requiring an admission to the

Intensive care unit, even after adjusting for
chronic conditions [52]. This can be also determined
by a  higher  risk of developing other severe
cardiopulmonary complications such as congestive
heart failure, cardiomyopathy and pulmonary edema
[52].

OSA treatment with positive airway pressure
(CPAP) improved daytime sleepiness, mood, quality
of life, and even high blood pressure.

Conclusions

Pregnancy modifies pulmonary function and
natural history of common lung pathologies. A
pregnant woman with respiratory problems represent
a challenge for both obstetrician and pneumologist,
the fetal status should be always bear in mind. Ideally
pregnancy should occur in a compensate form of the
respiratory disorder.  Once pregnant the follow-up
should be well planned any worsening of the maternal
status requiring a prompt evaluation and intervention
by both specialist. For the particular situations of
cystic fibrosis, genetic counseling is essential.
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