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Abstract: Asthma is an inflammatory lung condition that is the most common chronic disease
affecting pregnancy. The changes in pulmonary physiology during pregnancy include increased
minute ventilation, decreased functional residual capacity, increased mucus production, and
airway mucosa hyperemia and edema. Pregnancy is also associated with a physiological
suppression of the immune system. Many studies have described the heterogeneous immune
system response in women with asthma during pregnancy, which partly explains why asthma
has been shown to worsen, improve, or remain stable in equal proportions of women during
pregnancy. Asthma may be associated with poor maternal and fetal outcomes. However,
better maternal and fetal outcomes are observed with better asthma control. Asthma
controller medications are generally thought to be safe during pregnancy, but limited data are
available for some of the medicines. Newer medications like omalizumab open avenues for
the treatment of asthma, but also pose a challenge, as there is limited experience with their
use. Therefore, a multidisciplinary approach, including obstetricians, asthma specialists, and
pediatricians should collaborate with the patient to carefully weigh the risks and benefits to
determine an optimal management plan for each individual patient. The aim of this review
article is to summarize the most recent literature about the immunological changes that occur
during pregnancy, physiological and clinical implications of asthma on pregnancy, and asthma
management and medication use in pregnant women.
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Introduction

Asthma is a chronic inflammatory disorder char-
acterized by airway hyperresponsiveness and vari-
able airflow obstruction. The airway obstruction
can be reversible either spontaneously or with
therapy. Asthma remains a common condition
affecting 300 million patients worldwide and 10%
of the population in the United States, and has a
great impact on healthcare costs [Braman, 2006;
Masoli et al. 2004].

Asthma can affect up to 8% of pregnant women
and often has a significant impact on pregnancy
[Kwon et al. 2006]. Changes in pulmonary physi-
ology, hormonal fluctuations, and immunological
aspects of the maternal-fetal interactions may
play a role in the changes in asthma symptoms
and control. It is well established that asthma
control varies for different patients during preg-
nancy; in approximately one-third of women their
asthma improves, in one-third it does not change,
and in the remaining third it clinically worsens

[Tamasi et al. 2011]. Asthma may complicate
pregnancy and is a challenging condition due to
the changes in the pulmonary physiology, altera-
tions in the immune system, possible fetal adverse
effects of the medications, and other obstetric
considerations, as we will discuss in detail in this
review.

Pulmonary changes during pregnancy

As pregnancy progresses there are several changes
in the pulmonary physiology. The minute ventila-
tion (VE) is increased due to the effects of high
progesterone levels and by the third trimester VE
may be increased by 50% [Guy et al. 2004]. The
rise in the VE is driven mainly by an increase in
the tidal volume (TV), and to a lesser extent, by
an increase in the respiratory rate. This, in turn,
causes a respiratory alkalosis that is compensated
by renal excretion of bicarbonate [typical arterial
blood gas: pH 7.40-7.45, partial pressure of car-
bon dioxide (CO,) 28-32 mmHg].
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The functional residual capacity (FRC) can be
decreased by 10-25% [Goucher er al. 1956]. This
is largely due to a progressive decrease in the
expiratory reserve volume and residual volume
caused by the enlarging uterus and diaphragmatic
elevation (3—6 cm). An adaptation of the abdomi-
nal muscles and widening of the lower rib cage
partially compensates for the diaphragmatic eleva-
tion. In addition, higher levels of estrogen during
the third trimester may cause increased mucus
production and airway mucosa hyperemia and
edema. Despite these changes, other parameters
of the pulmonary function, including forced expir-
atory volume in 1 s (FEV,), forced vital capacity
(FVC), FEV, to FVC ratio, and peak expiratory
flow rate remain unchanged during pregnancy
[Brancazio et al. 1997; Guy et al. 2004].

Immunologic influence of asthma

during pregnancy

During pregnancy there is a physiological suppres-
sion of the immune system. This occurs to pro-
tect the fetus from the mother when paternally
originated antigens are expressed (semiallograft).
This feto-maternal ‘tolerance’ is necessary for a
normal gestation to complete. There are several
cellular and humoral processes that allow this
to occur and both regulatory T cells (Tregs) and
natural killer (NK) cells appear to play impor-
tant roles [Saito ez al. 2007]. It has been shown
that regulatory NK cells and Tregs inhibit fetal
attack of maternal NK and T cells. This suppres-
sion of NK cells during pregnancy may explain
why pregnant patients might develop more aggres-
sive presentations of viral infections (e.g. hepatitis
B, HINI1 influenza, etc.) [Palmer and Claman,
2002; Denney ez al. 2010]. Interestingly, despite
this ‘temporary immunodeficiency’, in general,
most pregnant women react normally to most
infections.

During pregnancy a shift towards a T-helper cell
type 2 (Th2)-predominant inflammatory state
has been described, and simultaneously, there is a
Tregs suppression of a Thl cell-induced fetal
rejection [Saito et al. 2007]. This creates a high
Th2/Th1 cytokine response. Asthma is also cate-
gorized as a Th2-predominant inflammatory
state, but it remains unclear how the immune sys-
tem of patients with asthma is affected by preg-
nancy and its consequences. Nevertheless, there
have been observations in recent studies that have
attempted to better characterize this response. A
study by Toldi and colleagues confirmed the

presence of a high Th2/Thl cell ratio in blood
samples of healthy women without asthma dur-
ing pregnancy and in nonpregnant women with
asthma, but no further increases in this ratio were
found in pregnant women with controlled asthma
[Toldi ez al. 2011]. These observations are in line
with a study by Bohacs and colleagues showing
no additive activation of subpopulations of lym-
phocytes in pregnant women with asthma com-
pared with those without asthma [Bohdcs er al.
2010]. These investigations suggest that preg-
nancy does not further augment an inflamma-
tory response in already atopic individuals. By
contrast, a study showed that interleukin-4 (IL-
4; a Th2 cytokine) and interferon y (IFN-y; a
Thl cytokine) synthesizing T lymphocytes were
both increased in pregnant women with uncon-
trolled asthma in comparison to those without
asthma [Tamasi et al. 2005]. In fact, pregnant
women with asthma had a 20-fold increase in
IFN-y-producing T cells compared with nonpreg-
nant patients with the same severity of asthma.
These findings imply that the cellular responses
may change, especially in a disease with variation
in activity (i.e. poorly controlled asthma). These
studies also demonstrate the heterogeneous
response of the immune system in women with
asthma during pregnancy, and partly explain why
asthma worsens, improves or remains stable in
equal proportions of women during pregnancy.

Effects of asthma on pregnancy:

maternal/fetal outcomes

Asthma is the most common chronic condition to
affect pregnancy. Several studies in the past dec-
ades have identified asthma as a risk factor for
both poor maternal and fetal outcomes. It is not
clear whether these adverse consequences are an
effect directly attributable to asthma, secondary
to the medications used for asthma, socioeco-
nomic status, or other factors that share common
mechanisms with asthma.

Perhaps the most striking data come from a large
meta-analysis that included 40 studies over vari-
ous decades and over 1.5 million subjects
[Murphy et al. 2011]. This study showed that
maternal asthma was associated with increased risk
of low birth weight infants [relative risk (RR) 1.46,
95% confidence interval (CI) 1.22-1.75], intrau-
terine growth restriction TUGR) (RR 1.22, 95% CI
1.14-1.31), preterm delivery (RR 1.41, 95% CI
1.22-1.61), and preeclampsia (RR 1.54, 95%
CI 1.32-1.81). Despite the inherent problems with
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Table 1. Effect of pregnancy on asthma control.

Study Total Better Unchanged Worse Undefined
N N % N % N % N %

Turner et al. [1980] 1054 306 29 516 49 232 22 -
Stenius-Aarniala et al. [1988] 198 36 18 79 40 83 42 - -
Schatz et al. [1988a] 366 102 28 121 88 128 85 15 4
Kircher [2002] 568 193 34 148 26 204 36 23 4
Total 2186 637 29 864 39 647 30 38 2

Studies evaluating the changes in asthma symptoms during the course of pregnancy.

this type of analysis, this study provides robust evi-
dence on the negative impact of asthma during
pregnancy. Even more worrisome were data
obtained from over 4300 pregnancies in women
with asthma evaluating congenital malformations
[Blais and Forget, 2008]. Exacerbations during
the first trimester of pregnancy were associated
with an increased risk of congenital malformation
(adjusted odds ratio 1.48, 95% CI 1.04-2.09). The
reasons for these observations are complex and
likely multifactorial.

Maternal hypoxemia and changes in the placental
function during asthma have been offered as pos-
sible explanations for an increased incidence of
IUGR and preterm delivery [Clifton ez al. 2001;
Murphy er al. 2003]. A study of 2123 women
with asthma showed that lower FEV, was signifi-
cantly associated with prematurity and preec-
lampsia [Schatz ez al. 2006]. Because FEV, has
been used as a marker of asthma control, these
observations could be attributed to poor asthma
control [Juniper ez al. 1999]. In the study by
Murphy and colleagues, it was also shown that
the risk of preterm delivery was significantly
reduced after an appropriate asthma treatment
protocol was used, further reinforcing the need
for appropriate asthma therapy during pregnancy
[Murphy ez al. 2011]. Other theories include a
common pathway leading to hyperactivity of
smooth muscle in the bronchial tree and uterus
to explain an increased incidence of preterm
labor in pregnant women with asthma [Kramer
et al. 1995]. In addition, a possible association
has been explored between asthma and preec-
lampsia related to mast cell infiltration [Siddiqui
et al. 2008]. Despite the wide array of possible
associations between asthma and pregnancy, it
remains clear that better asthma control offers the
best outcomes [National Heart, LLung, and Blood
Institute ez al. 2005].

Effects of pregnancy on asthma

It is difficult to predict how asthma control will
evolve with pregnancy for any individual patient.
Historically, asthma control improves, worsens
or remains the same in equal proportions during
pregnancy. By pooling a total of 2186 patients
from four large series evaluating the effect of preg-
nancy on asthma control, we found that approxi-
mately 30% improved, 40% worsened, and 30%
had no change in their symptoms (Table 1). The
severity of baseline asthma, the frequency of exac-
erbations, and the level of control of asthma in prior
pregnancies have also been used as predictors of
how asthma will behave during pregnancy. A
study classified the severity of asthma in 1739
pregnant women as mild, moderate or severe
based on standard criteria, including FEV,, symp-
toms, and rescue inhaler use [Schatz er al. 2003].
Schatz and colleagues demonstrated that 13%,
16%, and 52%, of patients with at least one asthma
exacerbation were classified at the onset of preg-
nancy as having mild, moderate, and severe
asthma respectively, which supports a direct cor-
relation between the severity of asthma and the
frequency of exacerbations during pregnancy.
Similar results have been reported in other series
[Murphy et al. 2005]. Schatz and colleagues also
noted that 30% of patients initially classified as
having mild asthma were changed to the moderate
or severe category, while 23% of patients with
severe or moderate asthma were later categorized
as having mild asthma as the pregnancy pro-
gressed [Schatz et al. 2003]. These findings sug-
gest that, even though special attention should be
paid to patients with severe asthma, others with
milder severity of asthma must be followed closely
as well, because of a relatively unpredictable
course during pregnancy.

In addition to the severity of asthma, the occur-
rence of exacerbations has been associated with
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the stage of pregnancy. While exacerbations can
occur at any time during the course of the preg-
nancy and puerperium, studies have suggested a
higher frequency of exacerbations during the late
second and early third trimester [Stenius-Aarniala
et al. 1996; Murphy er al. 2005; Schatz er al.
1988a]. Importantly, these studies suggest a pos-
sible protective effect during labor and delivery,
as exacerbations tend to occur less frequently
during this period [Jana et al. 1995; Schatz et al.
1988a]. Other risks associated with an increased
rate of exacerbations include inadequate prenatal
care, medication noncompliance, lack of inhaled
corticosteroids when indicated, and obesity
[Murphy and Gibson, 2011].

Treatment of asthma in pregnancy

Maintenance therapy

Patients with asthma who become pregnant should
be considered as high risk and their medical man-
agement should be carried out in conjunction
with obstetricians, asthma specialists, and pedia-
tricians. The patients should be informed about
the potential complications of asthma and what
changes to expect in the respiratory system as the
pregnancy progresses. In addition, as for all
patients with asthma, emphasis should be placed
on patient education, appropriate inhaler use,
avoidance of asthma triggers, and early consulta-
tion if symptoms develop. A written asthma action
plan should be established, especially in patients
with moderate to severe asthma, describing in
detail the measures to control asthma in the long
term, how to appropriately respond to worsening
symptoms and asthma exacerbations, and when to
request emergency services [National Heart,
Lung, and Blood Institute ez al. 2005]. Well-
informed patients may voice concerns regarding
possible fetal side effects of asthma medications.
They should be reassured and encouraged to be
compliant with the regimens established by their
healthcare professionals. The different classes of
medications for asthma are generally regarded as
safe (see individual discussion below), and even
though they have potential side effects, better
maternal and fetal outcomes are observed with
better asthma control [Blais and Forget, 2008].
Patients who are current smokers should be
strongly encouraged to stop smoking due to the
well known adverse effects on the mother and
fetus, and the association with poor asthma con-
trol [Salihu and Wilson, 2007; McCoy ez al. 2006].
Moreover, second-hand smoke has been shown to

be equally detrimental and should be avoided in
all patients [Oberg ez al. 2011].

Conditions that may aggravate asthma such as
allergic rhinitis and gastroesophageal reflux disease
(GERD) should be aggressively treated [Schatz
and Dombrowski, 2009]. Intranasal corticoster-
oids are the therapy of choice for allergic rhinitis
due to their limited systemic effects [National
Heart, Lung, and Blood Institute ez al. 2005].
Leukotriene antagonists (ITAs) are also effective
and considered safe during pregnancy (see discus-
sion below). Second-generation antihistamines
(e.g. loratadine, cetirizine) can be safely used, but
combinations with pseudoephedrine are contrain-
dicated due to potential fetal side effects (e.g. gas-
troschisis, intestinal atresia) [Piette et al. 2006].
GERD may occur in 30-50% of pregnancies
[Majithia and Johnson, 2012]. Proton pump inhib-
itors are effective in treating GERD, and intrauter-
ine exposure to these has not been associated with
an increased risk for congenital malformations,
perinatal mortality, or morbidity [Pasternak and
Hyviid, 2010; Majithia and Johnson, 2012].

Regular visits to evaluate asthma control are rec-
ommended for patients who require controller
therapy during pregnancy. The evaluations
should include objective assessment of lung
function and validated assessment of symptoms
(e.g. Asthma Control Test). Respiratory symp-
toms alone are not sensitive indicators of wors-
ening asthma control, because most pregnant
women have some degree of dyspnea as preg-
nancy advances [Guy et al. 2004]. A recent study
showed that exhaled nitric oxide may be useful in
monitoring and improving asthma control, but
future studies are needed to validate these find-
ings [Powell ez al. 2011]. It is generally advocated
to have monthly visits with the healthcare profes-
sionals who are managing the patient’s asthma,
but more frequent visits might be required if
asthma remains uncontrolled. The therapy of
pregnant women with asthma should follow a
step-guided approach (Table 2), and if asthma
control is not achieved by the current prescribed
medications, then a ‘step up’ in therapy should be
carried out following the established guidelines
[National Heart LLung and Blood Institute, 2007;
Global Initiative for Asthma, 2011]. Even though
in nonpregnant patients with asthma a ‘step
down’ is recommended if asthma control is main-
tained for at least 3 months, during pregnancy a
‘step down’ in therapy is generally not recom-
mended because of the potential of losing asthma
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Table 2. Therapy of asthma during pregnancy.

Step Preferred therapy Alternative therapy

1 As needed SABA® -

2 Low-dose ICS LTRA

& Medium-dose ICS LTRA

4 Low-dose ICS + LABA Medium- or high-dose ICS
Low-dose ICS + LABA + LTRA
Low-dose ICS + LABA + theophylline®

5 Medium- or high-dose ICS + LABA LTRA + theophylline®

6 Oral glucocorticoids Omalizumab#

Step-quided therapy for the control of asthma during pregnancy. When a step-up is considered for poor asthma control, it
is recommended to confirm proper inhaler technique, compliance with the medications, and confirm that the symptoms

are due to worsening asthma control.
*As needed SABA should be used in all steps.
$Sustained-release theophylline.

It is uncertain if omalizumab should be initiated during pregnancy, it may be maintained during pregnancy if the patient
was already receiving omalizumab prior to pregnancy; however, there are no short- or long-term published data docu-

menting its safety.

ICS, inhaled corticosteroids; LABA, long-acting 3, agonist; LTRA, leukotriene-receptor antagonist; SABA, short-acting 3,

agonist.

control during this high-risk period [Dombrowski
and Schatz, 2008]. In addition, every pregnant
woman with asthma who develops worsening
dyspnea should be carefully evaluated to rule out
other conditions, including venous pulmonary
embolism, amniotic fluid embolism, pulmonary
edema, and pneumonia.

Treatment for acute exacerbations

The evaluation of pregnant women with asthma
in the emergency room setting should be similar
to that of other patients with asthma, but careful
considerations regarding the pregnancy should be
undertaken. An obstetrician experienced in high-
risk pregnancies and an asthma specialist should
be involved in the care of these patients, especially
when they have moderate to severe asthma.
Careful monitoring and prompt therapy should
be initiated once other etiologies have been rea-
sonably ruled out and it is established that a
patient is having an asthma exacerbation. Bedside
peak flow measurements should be obtained and
compared with previous measurements or usual
predicted values if possible. If the patient is taking
theophylline, a level should be measured to rule
out toxicity. Arterial blood gases should be meas-
ured, but it should be remembered that during
pregnancy there is a baseline compensated res-
piratory alkalosis, and a normal arterial CO, of
40 mmHg may indicate relative hypercapnia and
signs of fatigue.

Treatment should be started promptly. Inhaled
albuterol treatments of 2.5 mg every 20 min should
be established followed by the administration of
oral or intravenous corticosteroids. Nebulized
ipratropium bromide at 0.25-5 mg every 30 min
for three doses should also be added to this regi-
men if the patient has an FEV, less than 40% or
initially does not respond to albuterol. If the
patient has a moderate or severe exacerbation, they
should be observed to evaluate their response in a
monitored bed. Patients in the advanced stages of
pregnancy will require close maternal-fetal moni-
toring. A biophysical profile, including a nonstress
test for reactive fetal heart rate, measurement of
the amniotic fluid volume by ultrasound, obser-
vation for the presence of gross movements and of
fetal breathing movements, and fetal heart tones
should be performed in patients with a viable
fetus [Schatz and Dombrowski, 2009]. Evaluation
of the response to therapy should be done every
30-60 min, and a decision regarding admission or
discharge should be reached ideally 4 h after the
initial evaluation. If the patient responds appro-
priately to therapy and is discharged from the
hospital, a 5-10-day course of prednisone
(40-80 mg per day in a single or divided dose)
should be prescribed to prevent early recurrence
of symptoms. However, patients who have a
moderate to severe exacerbation, or do not
respond readily to therapy, should be hospital-
ized. In one study, 5.8% of pregnant women with
asthma required hospitalization for exacerbations
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during the course of the pregnancy [Murphy
et al. 2006].

Endotracheal intubation and admission to the
intensive care unit (ICU) should be considered if
the patient continues to worsen despite maximal
therapy. Potential indications for admitting a
pregnant woman with asthma to the ICU include
if her FEV is less than 25% of predicted or if her
FEV, improves less than 10% after treatment.
Maternal hypoxia should be corrected as quickly
as possible with a target oxygen saturation of 95%
to prevent any possible fetal hypoxia [Schatz and
Dombrowski, 2009]. Systemic administration of
epinephrine should be avoided during pregnancy
because of its teratogenic effects and placental
and uterine vessel vasoconstriction. Terbutaline
(a B, agonist) can be administered subcutane-
ously, 0.25 mg every 15-30 min for three doses, if
the bronchoconstriction does not improve.
Intravenous magnesium sulfate given at 1-2 g
over 30 min can be considered because of its
proven benefits in the pulmonary function of
patients with severe acute asthma exacerbations
[Silverman ez al. 2002]. A helium—-oxygen mix-
ture (70:30 or 60:40) can be considered during
the management of acute asthma to improve the
delivery of medications to the distal airways and
reduce the work of breathing [Ho ez al. 2003].
The helium-oxygen mixture has had positive
results in women with asthma during pregnancy
[McGarvey and Pollack, 2008; George er al.
2001]. Adequate volume resuscitation should be
carried out to prevent changes in the fetal-placen-
tal blood flow. In patients who are in the third
trimester who, despite maximal therapy, continue
to deteriorate, there have been reports of the
pregnancy having to be terminated or the baby
delivered prematurely via caesarian section as a
life-saving measure to achieve asthma control
[Elsayegh and Shapiro, 2008].

Invasive mechanical ventilation (IMV) may be
required if the patient does not respond to ther-
apy. IMV is indicated in patients who develop
hypoxia that is refractory to noninvasive modes of
oxygenation, severe respiratory acidosis, altered
mental status, or maternal fatigue. The endotra-
cheal intubation is preferably done through the
oral airway. Because of a decreased FRC and
increased oxygen consumption in pregnancy,
apnea at the time of intubation my cause a steep
decline in arterial oxygen content. Once an
endotracheal airway is secured, IMV can be initiated
using a target TV of 6-10 ml/kg. This relatively low

TV is recommended to prevent respiratory alka-
losis and barotrauma, but studies in patients with
asthma who required mechanical ventilation with
a TV of 12 ml/kg did not show an increased rate
of complications [Peters er al. 2012]. Longer
expiratory times and lower respiratory rates may
be required to prevent dynamic hyperinflation
and prevent volutrauma and barotrauma, and
case reports of permissive hypercapnic ventilation
have been described [Shapiro, 2002]. Invasive or
noninvasive monitoring of the volume status of
the patient is recommended while the patient is
on IMYV to prevent pulmonary edema and ensure
adequate tissue perfusion, particularly in fetal—
placental circulation. The compression of the
vena cava by the enlarging uterus while in a
supine position may cause a decrease in the car-
diac preload. This results in a decreased cardiac
output and may lead to hypotension. By elevating
the right hip (10-15 cm) the uterus can be dis-
placed, thus relieving the compression of the
vena cava [Mighty, 2010]. Sedation can be
achieved using either benzodiazepines or propo-
fol. Nutritional support should be started as soon
as possible given the higher metabolic needs of
pregnancy, but caution should be exercised
because this may cause further elevation of CO,
leading to worsening acidosis [Van den Berg and
Stam, 1988].

Labor and delivery and other obstetric
considerations

As mentioned above, it appears that during the
period close to term, the frequency of asthma
exacerbations is decreased. However, this remains
a period of high risk for women with asthma.
Women with adequate asthma control should
continue to take their medications without
changes. However, those experiencing asthma
exacerbations during labor and delivery should be
treated promptly and closely observed. During
this period it is paramount to dismiss other causes
of dyspnea because other diagnoses (i.e. pulmo-
nary edema or pulmonary embolism) might
become more common and delays in the treat-
ment of these may have serious consequences.

The medications used during labor and delivery
deserve special consideration when administered
to women with asthma. In women with preterm
labor, treatment with systemic 3, agonists (e.g.
terbutaline) should generally be avoided since
there are few data to support the benefit in patients
receiving inhaled B, agonists (e.g. albuterol) and
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this may potentiate adverse effects such as toco-
Iytic pulmonary edema, but can be considered in
extreme situations. An alternative treatment
could be intravenous magnesium sulfate because
of its potentially beneficial dual effect [Silverman
et al. 2002]. Morphine is not the preferred agent
to treat pain due to its potential release of hista-
mine that could affect asthma control and because
of potential respiratory depression. Fentanyl is
the preferred agent to treat pain because of its
safer profile. If the patient has received significant
oral corticosteroids in the months prior to deliv-
ery, then stress-dose corticosteroids should be
considered to prevent potential complications
from adrenal insufficiency [Hardy-Fairbanks and
Baker, 2010]. Indomethacin should not be used
in patients who have known reactions to aspirin
or other nonsteroidal anti-inflammatory agents
because it may cause bronchospasm. Oxytocin
and prostaglandins E, and E, can be used safely
for obstetric purposes, but prostaglandin F,, and
the ergonovine compounds are known to cause
bronchospasm and should not be used [Stenius-
Aarniala et al. 1988]. After delivery, asthma
symptoms may improve significantly, but despite
this, therapy should not be discontinued in order
to maintain asthma control.

Medications used for asthma control

during pregnancy

There are several classes of medications used to
achieve asthma control (Table 3). Most therapies
are generally considered safe, but there are some
considerations that have to be examined in detail.
The caregiver should provide the patient with
information regarding the potential risks of these
medications to the mother and fetus. In addition,
because there are several medications within each
class, the lactation safety profile of a particular
medication may influence the decision when
choosing a medication if the mother wishes to
nurse her infant. As described above, the safety
profile of the medications to treat potentially
aggravating conditions of asthma should also be
taken into account (Table 4).

B, agonists

[, agonists have a pivotal role in the treatment of
asthma and are the most effective bronchodilators.
Through activation of the 3, adrenergic receptors
these agents may prevent the development and
reverse the bronchoconstriction caused by an
asthma exacerbation. Short-acting [, agonists

(SABAs) (e.g. albuterol, salbutamol) are pre-
scribed for quick relief of symptoms. SABAs are
regarded as safe and there is no evidence of any
associations with congenital anomalies, low birth
weight, IUGR or increased rates of poor maternal
or perinatal outcomes [Schatz er al. 1988b; Guy
et al. 2004]. Long-acting B, agonists (LABAs)
(e.g. formoterol, salmeterol) are used as mainte-
nance therapy in patients with moderate to severe
asthma in combination with ICS. Long-term
safety has not been established for LABAs, there-
fore these medications should only be prescribed
as a ‘step-up’ therapy during pregnancy if asthma
control cannot be achieved using medium-dose
ICS in addition to SABAs, which is a slight varia-
tion from nonpregnant step-up therapy (Table 2).
The US Food and Drug Administration (FDA) has
classified both SABAs and LLABAs as category C.

Inhaled corticosteroids

Corticosteroids are the mainstay therapy for uncon-
trolled asthma. They possess anti-inflammatory
properties that are necessary to control and prevent
asthma exacerbations. ICS are part of the step-
guided therapy for asthma and are the initial step in
the controller therapy for patients who have symp-
toms despite the use of SABAs (Table 2). There are
several formulations of ICS approved by the FDA
(Table 3). With the exception of budesonide
(category B), all other ICS are classified as cat-
egory C.

Several studies have evaluated the effectiveness
and adverse effects of ICS during pregnancy. The
use of ICS has been shown to decrease readmis-
sions to the hospital for asthma [Wendel et al
1996]. A study of 504 prospectively followed
pregnant women with asthma demonstrated that
patients who were treated with ICS had a
decreased risk for asthma exacerbations [Stenius-
Aarniala er al. 1996]. In addition, this study
showed no increased rate of anomalies or other
adverse events after treatment with ICS. There has
been concern regarding an association between
exposure to corticosteroids during pregnancy and
IUGR. Namazy and colleagues specifically stud-
ied this association and demonstrated no relation
between ICS and IUGR or other birth defects
[Namazy er al. 2004]. Perhaps the most reassuring
data come from two large studies obtained from
the Swedish Medical Birth Register evaluating the
use of budesonide. The first study included 2014
exposures during early pregnancy and showed no
evidence of teratogenic effects of budesonide
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Table 3. Medications used for asthma.

[Kallen ez al. 1999]. The second study evaluated
2968 pregnant women with asthma and deter-
mined no clinically relevant effects on pregnancy
outcomes [Norjavaara and De Verdier, 2003]. The
results of these studies suggest that budesonide is
safe for both mother and fetus during pregnancy.
If another ICS was previously prescribed before

conception it should not be changed, but if there
is an indication to start an ICS (i.e. worsening
asthma control), then budesonide is probably the
therapy of choice. ICS are often prescribed in a
formulation combined with LABAs. Because ICS
have a relatively safer profile than LLABAs, it is
advocated to use low- or medium-dose ICS before
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Table 4. Medications used in the treatment of potentially aggravating conditions of asthma.

a LABA is added to the therapeutic regimen when
following the step-guided approach during preg-
nancy (Table 2) [Tamasi et al. 2011; Schatz and
Dombrowski, 2009].

Systemic corticosteroids

Systemic corticosteroids are typically used for
acute exacerbations or when asthma control is
not achieved using other medications. Oral corti-
costeroids are associated with more adverse
effects compared with ICS. The use of oral corti-
costeroids has been associated with higher risk for
preeclampsia, gestational diabetes, and the need
for caesarian delivery [Schatz er al 1997; Alexander
er al. 1998; Perlow et al. 1992]. In addition, there
have been conflicting reports regarding the risk
for cleft lip (with or without palate malforma-
tions) after exposure to systemic corticosteroids
[Czeizel and Rockenbauer, 1997; Rodriguez-
Pinilla and Martinez-Frias, 1998].

Despite the risks identified with the use of sys-
temic corticosteroids during pregnancy, these are

likely to be still lower than the actual risks of
uncontrolled or poorly controlled asthma.
Because the systemic corticosteroids are usually
reserved for uncontrolled or severe asthma, the
adverse effects seen in patients exposed to sys-
temic corticosteroids might be a consequence of
the uncontrolled asthma itself and not an effect of
the therapy used to treat it. Therefore, the main
focus of the clinician treating acute asthma or
severe asthma during pregnancy is to achieve
asthma control as readily as possible using all
available therapy, including systemic corticoster-
oids. All patients who receive systemic corticos-
teroids should be closely monitored for gestational
diabetes.

Ipratropium bromide

Ipratropium bromide can be used as a short-
acting bronchodilator during an asthma exacerba-
tion. It blocks muscarinic acetylcholine receptors
in the bronchial smooth muscle causing bron-
chodilation. The FDA has categorized ipratro-
pium bromide as a class B medication, but studies
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are lacking regarding its safety and efficacy during
pregnancy, and therefore it cannot be considered
as first-line therapy.

Leukotriene antagonists

Leukotrienes are important signaling molecules
in the pathways of allergic inflammation and have
a central role in the pathophysiology of asthma.
LTAs may affect these pathways by two mecha-
nisms. Inhibition of the enzyme 5-lipoxygenase
(e.g. zileuton) decreases the production of leukot-
rienes. Antagonism of the cysteinyl-leukotriene
receptor (e.g. montelukast, zafirlukast) limits the
biological activity of leukotrienes. Several studies
have shown that the use of L'TAs in patients with
asthma results in a reduction in exacerbations
and improvement in lung function and quality of
life [Knorr er al. 1998; Malmstrom ez al. 1999;
Reiss er al. 1998].

A study evaluating the safety of L TA use during
pregnancy did not find any association with a spe-
cific pattern of major structural anomalies or
adverse perinatal outcomes [Bakhireva et al
2007]. This study is limited by its sample size and
should be interpreted with caution. Therefore,
with the exception of zileuton (category C), the
FDA classifies the LTAs as category B medica-
tions during pregnancy (Table 3). If a LTA is to
be used, montelukast may be the therapy of
choice among these medications due to its safer
lactation profile.

Theophylline

Theophylline has been used for the treatment of
asthma over the past seven decades. The exact
mechanism of action has not been fully eluci-
dated, but it appears to act by improving the
function of the respiratory muscles and as weak a
bronchodilator through nonselective inhibition of
phosphodiesterases and antagonism of adenosine
receptors [Barnes, 2003]. Theophylline has been
shown to improve asthma control and can reduce
the corticosteroid requirements [Evans ez al.
1997; Markham and Faulds, 1998]. Serum drug
levels have to be monitored regularly to ensure
safety and reduce side effects. Levels of 10 pg/ml
are generally considered therapeutic, and levels
above 20 pg/ml are associated with higher inci-
dence of toxicity and side effects [Barnes, 2003].

Theophylline has been used extensively during preg-
nancy and is classified as a category C medication

with probably a safe profile for lactation (Table 3).
Drugs levels should be monitored more frequently
because of the changes in the volume of distribution
during pregnancy and because of a reduced clear-
ance of up to 35% in the third trimester [Tan and
Thomson, 2000]. The effectiveness and safety of
theophylline during pregnancy has been compared
with other agents. Dombrowski and colleagues
performed a prospective, double-blind, double
placebo-controlled randomized clinical trial of 385
pregnant women with moderate asthma compar-
ing inhaled beclomethasone with oral theophylline
[Dombrowski ez al. 2004]. This study showed that
both medications resulted in similar rates of exac-
erbations and similar obstetrical and perinatal out-
comes. Despite these results, because of its side
effects (e.g. nausea, vomiting, headache, gastric
hypersecretion, hypertension, insomnia), interac-
tion with other medications, and need for frequent
drug-level monitoring, theophylline might not be
well tolerated during pregnancy and is not a pre-
ferred agent during this period [Gardner and
Doyle, 2004].

Mast-cell stabilizers

Nedocromil sodium and cromolyn sodium are
mast-cell stabilizers that prevent the release of
histamine and other inflammatory mediators of
the allergic response [Leung ez al. 1988]. They
are effective as controller therapies for asthma
[Blumenthal ez al. 1988; Edwards and Stevens,
1993]. Only a few studies have evaluated fetal
anomalies associated with cromolyn, but because
of their small sample size and other confounding
variables, it is not clear if the adverse events
reported were due to the other medications or
poorly controlled asthma. In addition, these med-
ications have limited systemic effects due to their
poor absorption, making it less likely for adverse
fetal effects [Lim et al. 2011]. Serious adverse
effects have not been reported. Therefore, mast-
cell stabilizers are considered safe during preg-
nancy and are labeled as category B by the FDA.
Owing to the availability of newer more effective
therapies, these medications are now used less
often, but they may still have a role in patients
who do not tolerate other classes of medications
or in those who develop exercise-induced bron-
choconstriction [Spooner ez al. 2003].

Omalizumab
Omalizumab is a recombinant DNA-derived
monoclonal antibody that selectively binds to
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human immunoglobulin E (IgE). This prevents
the interaction of IgE with the high-affinity recep-
tors in basophils and mast cells, preventing their
activation. This therapy is indicated for patients
with moderate to severe asthma who have an ele-
vated level of IgE, positive testing for perennial
allergens, and whose condition cannot be con-
trolled with medium- to high-dose ICS and a
LABA. Several studies have shown the therapeu-
tic efficacy and safety of omalizumab, and dem-
onstrated a reduced rate in clinically significant
asthma exacerbations, systemic requirements of
corticosteroids, emergency visits, and overall
symptoms [Busse ez al. 2001; Holgate ez al. 2004;
Humbert ez al. 2005].

The FDA has classified omalizumab as category B,
but there is limited clinical experience with the use
of this medication during pregnancy (Table 3). The
Xolair (Genentech, Inc., South San Francisco, CA,
USA) Pregnancy Registry (EXPECT study) is an
observational study of the safety of omalizumab
during pregnancy in women with asthma. This
ongoing study was created to evaluate outcomes in
at least 250 pregnant women and their infants
exposed to omalizumab 8 weeks prior to conception
or at any time during pregnancy. Upon review of
preliminary data from 170 pregnancies with an aver-
age exposure to omalizumab of 7.7 months, an
external advisory committee continues to see no
apparent increase in prevalence of major birth
anomalies [Namazy et al. 2012]. These preliminary
findings are encouraging, but the study needs to be
completed to reach its final conclusions. In addi-
tion to safety there are other considerations regard-
ing omalizumab. Because omalizumab is dosed
depending on patient weight, it is unclear how to
adequately adjust the dosing as weight increases
during pregnancy and how this may affect the con-
trol of asthma. Furthermore, it remains unclear if
pregnant women with asthma will have the same
clinical benefit as nonpregnant women with asthma.
It is uncertain whether omalizumab should be initi-
ated during pregnancy, but if the patient was already
using it to achieve asthma control, then it should be
continued. Future studies will help clarify these
questions, but centers with experience with omali-
zumab are encouraged to enroll pregnant patients
treated with omalizumab in ongoing trials.

Conclusion

Asthma remains a common condition during
pregnancy and has a significant impact on mater-
nal and perinatal outcomes. Asthma control has

been shown to be the most effective strategy to
prevent complications during pregnancy. Pregnant
women with asthma should be considered high
risk and followed closely by their obstetricians
and asthma specialists. Asthma control should be
achieved using a step-guided therapy approach.
Clinicians should encourage pregnant women
with asthma to avoid asthma triggers, use a proper
inhaler technique, comply with controller medica-
tions, and seek early consultation when symptoms
develop. Despite relatively limited information
regarding the maternal and fetal effects of the
medications used to treat asthma, these are gener-
ally considered safe. As with all therapy, the risk
versus benefit ratio should be weighed carefully;
however, optimal asthma therapy has been corre-
lated with better fetal and maternal outcomes.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or not
for-profit sectors.

Conflict of interest statement
The authors declare that there are no conflicts of
interest.

References

Alexander, S., Dodds, L. and Armson, B. (1998)
Perinatal outcomes in women with asthma during
pregnancy. Obstet Gynecol 92: 435-440.

Bakhireva, L., Jones, K., Schatz, M., Klonoff-Cohen,
H., Johnson, D., Slymen, D. er al. (2007) Safety of
leukotriene receptor antagonists in pregnancy.

F Allergy Clin Immunol 119: 618—-625.

Barnes, P. (2003) Theophylline: new perspectives for
an old drug. Am ¥ Respir Crit Care Med 167: 813-818.

Blais, L. and Forget, A. (2008) Asthma exacerbations
during the first trimester of pregnancy and the risk of
congenital malformations among asthmatic women.
F Allergy Clin Immunol 121: 1379-1384.

Blumenthal, M., Selcow, J., Spector, S., Zeiger, R.

and Mellon, M. (1988) A multicenter evaluation of
the clinical benefits of cromolyn sodium aerosol by

metered-dose inhaler in the treatment of asthma.

F Allergy Chin Immunol 81: 681-687.

Bohacs, A., Pallinger, E., Tamasi, L., Rigé, J.,
Komlési, Z., Jr, Miiller, V. et al. (2010) Surface
markers of lymphocyte activation in pregnant
asthmatics. Inflamm Res 59: 63-70.

Braman, S. (2006) The global burden of asthma.
Chest 130: 4S—-128.

http://tar.sagepub.com

Downloaded from tar.sagepub.com at Ist De@aﬁco dellA TImmaco on November 6, 2012



http://tar.sagepub.com/

Therapeutic Advances in Respiratory Disease 0 (0)

Brancazio, L., Laifer, S. and Schwartz, T. (1997)
Peak expiratory flow rate in normal pregnancy. Obstet
Gynecol 89: 383-386.

Busse, W., Corren, J., Lanier, B., McAlary, M.,
Fowler-Taylor, A., Cioppa, G. er al. (2001)
Omalizumab, anti-IgE recombinant humanized
monoclonal antibody, for the treatment of severe
allergic asthma. ¥ Allergy Clin Immunol 108: 184-190.

Clifton, V., Giles, W., Smith, R., Bisits, A.,
Hempenstall, P., Kessell, C. ez al. (2001) Alterations
of placental vascular function in asthmatic

pregnancies. Am ¥ Respir Crit Care Med 164: 546-553.

Czeizel, A. and Rockenbauer, M. (1997) Population-
based case-control study of teratogenic potential of
corticosteroids. Teratology 56: 335-340.

Denney, L., Aitken, C., Li, C., Wilson-Davies, E.,
Kok, W., Clelland, C. et al. (2010) Reduction of
natural killer but not effector CD8 T lymphocytes
in three consecutive cases of severe/lethal HIN1/09
influenza A virus infection. PLoS One 5: e10675.

Dombrowski, M. and Schatz, M. (2008) ACOG
practice bulletin: clinical management guidelines
for obstetrician—gynecologists number 90, February
2008: asthma in pregnancy. Obstet Gynecol 111:
457-464.

Dombrowski, M., Schatz, M., Wise, R., Thom, E.,
Landon, M., Mabie, W. et al. (2004) Randomized
trial of inhaled beclomethasone dipropionate versus
theophylline for moderate asthma during pregnancy.
Am F Obstet Gynecol 190: 737-744.

Edwards, A. and Stevens, M. (1993) The clinical
efficacy of inhaled nedocromil sodium (Tilade) in the
treatment of asthma. Eur Respir ¥ 6: 35-41.

Elsayegh, D. and Shapiro, J. (2008) Management of
the obstetric patient with status asthmaticus.
F Intensive Care Med 23: 396-402.

Evans, D., Taylor, D., Zetterstrom, O., Chung, K.,
O’Connor, B. and Barnes, P. (1997) A comparison
of low-dose inhaled budesonide plus theophylline and
high-dose inhaled budesonide for moderate asthma.
N Engl ¥ Med 337: 1412-1418.

Gardner, M. and Doyle, N. (2004) Asthma in
pregnancy. Obster Gynecol Clin North Am 31:
385-413.

George, R., Berkenbosch, J., Fraser, R., 2nd and
Tobias, J. (2001) Mechanical ventilation during
pregnancy using a helium-oxygen mixture in a patient
with respiratory failure due to status asthmaticus.

F Perinatol 21: 395-398.

Global Initiative for Asthma (2011) Global Strategy
for Asthma Management and Prevention. http://www.

ginasthma.org/uploads/users/files/GINA Report2011

May4.pdf (accessed 10 May 2012).

Goucher, D., Rubin, A. and Russo, N. (1956) The
effect of pregnancy upon pulmonary function in
normal women. Am ¥ Obstet Gynecol 72: 963-969.

Guy, E., Kirumaki, A. and Hanania, N. (2004) Acute
asthma in pregnancy. Crit Care Clin 20: 731-745.

Hardy-Fairbanks, A. and Baker, E. (2010) Asthma
in pregnancy: pathophysiology, diagnosis and
management. Obstet Gynecol Clin North Am 37:
159-172.

Ho, A., Lee, A., Karmakar, M., Dion, P., Chung, D.
and Contardi, L. (2003) Heliox vs air-oxygen
mixtures for the treatment of patients with acute
asthma: a systematic overview. Chest 123:

882-890.

Holgate, S., Chuchalin, A., Hébert, J., Lotvall, J.,
Persson, G., Chung, K. ez al. (2004) Efficacy and
safety of a recombinant anti-immunoglobulin E
antibody (omalizumab) in severe allergic asthma.
Clin Exp Allergy 34: 632—638.

Humbert, M., Beasley, R., Ayres, J., Slavin, R.,
Hébert, J., Bousquet, J. er al. (2005) Benefits of
omalizumab as add-on therapy in patients with severe
persistent asthma who are inadequately controlled
despite best available therapy (GINA 2002 step 4
treatment): INNOVATE. Allergy 60: 309-316.

Jana, N., Vasishta, K., Saha, S. and Khunnu, B.
(1995) Effect of bronchial asthma on the course of
pregnancy, labour and perinatal outcome. ¥ Obstet
Gynaecol 21: 227-232.

Juniper, E., O’Byrne, P., Guyatt, G., Ferrie, P. and
King, D. (1999) Development and validation of a
questionnaire to measure asthma control.

Eur Respir ¥ 14: 902-907.

Kallen, B., Rydhstroem, H. and Aberg, A. (1999)
Congenital malformations after the use of inhaled
budesonide in early pregnancy. Obster Gynecol 93:
392-395.

Kircher, S., Schatz, M. and Long, L. (2002) Variables
affecting asthma course during pregnancy. Ann Allergy
Asthma Immunol 89: 463—466.

Knorr, B., Matz, J., Bernstein, J., Nguyen, H.,
Seidenberg, B., Reiss, T. er al. (1998) Montelukast
for chronic asthma in 6- to 14-year-old children:

a randomized, double-blind trial. ¥AMA 279:
1181-1186.

Kramer, M., Coates, A., Michoud, M., Dagenais, S.,
Moshonas, D., Davis, G. et al. (1995) Maternal
asthma and idiopathic preterm labor. Am ¥ Epidemiol
142: 1078-1088.

Kwon, H., Triche, E., Belanger, K. and Bracken, M.
(2006) The epidemiology of asthma during
pregnancy: prevalence, diagnosis, and symptoms.
Immunol Allergy Clin North Am 26: 29—-62.

http://tar.sagepub.com

Downloaded from tar.sagepub.com at Ist De@aﬁco dellA TImmaco on November 6, 2012


http://tar.sagepub.com/

DJ Maselli, SG Adams et al.

Leung, K., Flint, K., Brostoff, J., Hudspith, B.,
Johnson, N., Lau, H. ez al. (1988) Effects of sodium
cromoglycate and nedocromil sodium on histamine
secretion from human lung mast cells. Thorax 43:
756-761.

Lim, A., Stewart, K., Konig, K. and George, J.

(2011) Systematic review of the safety of regular
preventive asthma medications during pregnancy. Ann
Pharmacother 45: 931-945.

Majithia, R. and Johnson, D. (2012) Are proton
pump inhibitors safe during pregnancy and lactation?
Evidence to date. Drugs 72: 171-179.

Malmstrom, K., Rodriguez-Gomez, G., Guerra, J.,
Villaran, C., Pineiro, A., Wei, L. ez al. (1999) Oral
montelukast, inhaled beclomethasone, and placebo for
chronic asthma. A randomized, controlled trial. Ann
Intern Med 130: 487-495.

Markham, A. and Faulds, D. (1998) Theophylline.
A review of its potential steroid sparing effects in
asthma. Drugs 56: 1081-1091.

Masoli, M., Fabian, D., Holt, S. and Beasley, R.
(2004) The global burden of asthma: executive
summary of the GINA Dissemination Committee
report. Allergy 59: 469-478.

McCoy, K., Shade, D., Irvin, C., Mastronarde, ]J.,
Hanania, N., Castro, M. ez al. (2006) Predicting
episodes of poor asthma control in treated patients
with asthma. ¥ Allergy Clin Immunol 118:
1226-1233.

McGarvey, J. and Pollack, C. (2008) Heliox in airway
management. Emerg Med Clin North Am 26: 905-920.

Mighty, H. (2010) Acute respiratory failure in
pregnancy. Clin Obstet Gynecol 53: 360-368.

Murphy, V., Clifton, V. and Gibson, P. (2006)
Asthma exacerbations during pregnancy: incidence
and association with adverse pregnancy outcomes.
Thorax 61: 169-176.

Murphy, V. and Gibson, P. (2011) Asthma in
pregnancy. Clin Chest Med 32: 93-110.

Murphy, V., Gibson, P., Giles, W., Zakar, T.,
Smith, R., Bisits, A. ez al. (2003) Maternal asthma
is associated with reduced female fetal growth. Am ¥
Respir Crit Care Med 168: 1317-1323.

Murphy, V., Gibson, P., Talbot, P. and Clifton, V.
(2005) Severe asthma exacerbations during
pregnancy. Obster Gynecol 106: 1046-1054.

Murphy, V., Namazy, J., Powell, H., Schatz, M.,
Chambers, C., Attia, J. er al. (2011) A meta-analysis
of adverse perinatal outcomes in women with asthma.
BYOG 118: 1314-1323.

Namazy, J., Cabana, M., Sheuerle, A., Thorp, J.,
Chen, H., Miller, M. er al.(2012) The Xolair®

Pregnancy Registry (EXPECT): an observational
study of the safety of omalizumab during pregnancy
in women with asthma. In: American Thoracic
Society International Conference. San Francisco, CA,
USA, 18-23 May 2012, p. A4240, Session C34,
poster E24.

Namazy, J., Schatz, M., Long, L., Lipkowitz, M.,
Lillie, M., Voss, M. ez al. (2004) Use of inhaled
steroids by pregnant asthmatic women does not
reduce intrauterine growth. ¥ Allergy Clin Immunol
113: 427-432.

National Heart Lung and Blood Institute (2007)
Expert Panel Report 3: Guidelines for the Diagnosis and
Management of Asthma. http://www.nhlbi.nih.gov/
guidelines/asthma/asthgdln.htm (accessed 10 May
2012).

National Heart, Lung, and Blood Institute, National
Asthma Education and Prevention Program Asthma
and Pregnancy Working Group (2005) NAEPP expert
panel report. Managing asthma during pregnancy:
recommendations for pharmacologic treatment-2004
update. ¥ Allergy Clin Immunol 115: 34—46.

Norjavaara, E. and De Verdier, M. (2003) Normal
pregnancy outcomes in a population-based study
including 2,968 pregnant women exposed to
budesonide. ¥ Allergy Clin Immunol 111: 736-742.

Oberg, M., Jaakkola, M., Woodward, A., Peruga,
A. and Priss-Ustiin, A. (2011) Worldwide burden
of disease from exposure to second-hand smoke: a
retrospective analysis of data from 192 countries.
Lancer 377: 139-146.

Palmer, G. and Claman, H. (2002) Pregnancy and
immunology: selected aspects. Ann Allergy Asthma
Immunol 89: 350-359.

Pasternak, B. and Hviid, A. (2010) Use of proton-
pump inhibitors in early pregnancy and the risk of
birth defects. N Engl ¥ Med 363: 2114-2123.

Perlow, J., Montgomery, D., Morgan, M., Towers, C.
and Porto, M. (1992) Severity of asthma and perinatal
outcome. Am F Obstet Gynecol 167: 963-967.

Peters, J., Stupka, J., Singh, H., Rossrucker, J.,
Angel, L., Melo, J. et al. (2012) Status asthmaticus in
the medical intensive care unit: a 30-year experience.
Respir Med 106: 344—-348.

Piette, V., Daures, ]J.P. and Demoly, P. (2006)
Treating allergic rhinitis in pregnancy. Curr Allergy
Asthma Rep 6: 232-238.

Powell, H., Murphy, V., Taylor, D., Hensley,
M., McCaffery, K., Giles, W. et al. (2011)
Management of asthma in pregnancy guided by
measurement of fraction of exhaled nitric oxide: a
double-blind, randomised controlled trial. Lancet
378: 983-990.

http://tar.sagepub.com

Downloaded from tar.sagepub.com at Ist De@aﬁco dellA TImmaco on November 6, 2012



http://tar.sagepub.com/

Therapeutic Advances in Respiratory Disease 0 (0)

Visit SAGE journals online
http://tar.sagepub.com

®SAGE journals

Reiss, T'., Chervinsky, P., Dockhorn, R., Shingo, S.,
Seidenberg, B. and Edwards, T. (1998) Montelukast,

a once-daily leukotriene receptor antagonist, in the
treatment of chronic asthma: a multicenter, randomized,
double-blind trial. Arch Intern Med 158: 1213-1220.

Rodriguez-Pinilla, E. and Martinez-Frias, M. (1998)
Corticosteroids during pregnancy and oral clefts: a
case-control study. Teratology 58: 2—-5.

Saito, S., Shiozaki, A., Sasaki, Y., Nakashima, A.,
Shima, T. and Ito, M. (2007) Regulatory T cells and
regulatory natural killer (NK) cells play important
roles in feto-maternal tolerance. Semin Immunopathol
29: 115-122.

Salihu, H. and Wilson, R. (2007) Epidemiology of
prenatal smoking and perinatal outcomes. Early Hum
Dev 83: 713-720.

Schatz, M. and Dombrowski, M. (2009) Clinical
practice. Asthma in pregnancy. N Engl ¥ Med 360:
1862-1869.

Schatz, M., Dombrowski, M., Wise, R., Momirova, V.,
Landon, M., Mabie, W. et al. (2006) Spirometry is
related to perinatal outcomes in pregnant women with
asthma. Am F Obstet Gynecol 94: 120-126.

Schatz, M., Dombrowski, M., Wise, R., Thom, E.,
Landon, M., Mabie, W. ez al. (2003) Asthma
morbidity during pregnancy can be predicted by
severity classification. ¥ Allergy Clin Immunol 112:
283-288.

Schatz, M., Harden, K., Forsythe, A., Chilingar, L.,
Hoffman, C., Sperling, W. ez al. (1988a) The course
of asthma during pregnancy, post partum, and with

successive pregnancies: a prospective analysis.

F Allergy Clin Immunol 81: 509-517.

Schatz, M., Zeiger, R., Harden, K., Hoffman, C.,
Chilingar, L. and Petitti, D. (1997) The safety of
asthma and allergy medications during pregnancy.
F Allergy Clin Immunol 100: 301-306.

Schatz, M., Zeiger, R., Harden, K., Hoffman,
C., Forsythe, A., Chilingar, L. ez al. (1988b) The
safety of inhaled beta-agonist bronchodilators
during pregnancy. ¥ Allergy Clin Immunol 82:
686—695.

Shapiro, J.M. (2002) Management of respiratory
failure in status asthmaticus. Am ¥ Respir Med 1:
409-416.

Siddiqui, S., Goodman, N., McKenna, S.,
Goldie, M., Waugh, J. and Brightling, C.
(2008) Pre-eclampsia is associated with airway
hyperresponsiveness. BfOG 115: 520-522.

Silverman, R., Osborn, H., Runge, J., Gallagher, E.,
Chiang, W., Feldman, J. ez al. (2002) IV magnesium
sulfate in the treatment of acute severe asthma: a
multicenter randomized controlled trial. Chest 122:
489-497.

Spooner, C., Spooner, G. and Rowe, B. (2003) Mast-
cell stabilizing agents to prevent exercise-induced
bronchoconstriction. Cochrane Database Syst Rev
CD002307.

Stenius-Aarniala, B., Hedman, J. and Teramo, K.
(1996) Acute asthma during pregnancy. Thorax 51:
411-414.

Stenius-Aarniala, B., Piirila, P. and Teramo, K.
(1988) Asthma and pregnancy: a prospective study of
198 pregnancies. Thorax 43: 12—-18.

Tamasi, L., Bohacs, A., Pallinger, E., Falus, A.,
Rigé, J., Jr, Miller, V. ez al. (2005) Increased
interferon-gamma- and interleukin-4-synthesizing
subsets of circulating T lymphocytes in pregnant
asthmatics. Clin Exp Allergy 35: 1197-1203.

Tamasi, L., Horvath, I., Bohacs, A., Miiller, V.,
Losonczy, G. and Schatz, M. (2011) Asthma in
pregnancy — immunological changes and clinical
management. Respir Med 105: 159-164.

Tan, K. and Thomson, N. (2000) Asthma in
pregnancy. Am § Med 109: 727-733.

Toldi, G., Molvarec, A., Stenczer, B., Miiller, V.,
Eszes, N., Bohiacs, A. er al. (2011) Peripheral T'(h)1/
T (h)2/T(h)17/regulatory T-cell balance in asthmatic
pregnancy. Int Immunol 23: 669-677.

Turner, E., Greenberger, P. and Patterson, R. (1980)
Management of the pregnant asthmatic patient. Ann
Intern Med 93: 905-918.

Van den Berg, B. and Stam, H. (1988) Metabolic and
respiratory effects of enteral nutrition in patients during
mechanical ventilation. Intensive Care Med 14: 206-211.

Wendel, P., Ramin, S., Barnett-Hamm, C., Rowe, T.
and Cunningham, F. (1996) Asthma treatment in
pregnancy: a randomized controlled study. Am ¥
Obstet Gynecol 175: 150-154.

http://tar.sagepub.com

Downloaded from tar.sagepub.com at Ist De@aﬁco dellA TImmaco on November 6, 2012


http://tar.sagepub.com/



