
Is maternal asthma a life or death
issue for the baby?
Michael Schatz

Asthma is probably the most common
potentially serious medical problem to
complicate pregnancy. In recent national
surveys in the USA, 8.4–8.8% of pregnant
women reported current asthma.1 Since
1970, many published articles have sug-
gested that women with asthma experience
more complications of pregnancy than
women who do not have asthma. The
most commonly reported increased risks
have been for pre-eclampsia,2–12 preterm
birth2 5 6 8 9 13–15 and infants with low birth
weight or intrauterine growth restric-
tion.2 5 6 8–10 12 15 16 The most severe compli-
cation of pregnancy from the infant
standpoint is fetal or neonatal death.
Although one study from the USA in 1970
reported a significant 80% increased risk of
perinatal mortality in infants of women
with asthma compared with those without
asthma,17 and another study from Sweden
in 1972 reported a more than doubling of
neonatal mortality in infants of mothers
with asthma,2 11 studies published between
1988 and 2007 did not demonstrate a
significant increased risk of fetal mortality,
neonatal mortality, or both (perinatal
mortality) in the infants of women with
asthma compared with women without
asthma.3 7 10 15 16 18–23 Since the prevalence of
perinatal mortality is fortunately low, a
type 2 error due to low statistical power
could explain many of these negative
results. Indeed, sample sizes for women
with asthma in 7 of the 11 negative studies
were less than 2000.3 10 16 18–20 22 Moreover, a
significant 21% increased risk of perinatal
mortality was reported in the second largest
cohort of women with asthma studied to
date (n = 36 965).6

Against this background, the study by
Breton et al24 in the current issue of Thorax
(see page 101) of a database cohort of
13 100 pregnant women with asthma is
important in shedding light on the impor-
tant question: does maternal asthma confer
an increased risk of the most severe fetal or
infant adverse outcome of death? This
large well-designed population-based study
reported a 35% increased risk of perinatal
mortality in the pregnancies of women

with asthma. Moreover, this study is the
first to demonstrate that this increased risk
is probably mediated by an increased risk of
low birthweight and preterm infants in the
pregnancies of women with asthma. The
study raises three major issues: (1) Is the
association valid? (2) If the association is
valid, what is the mechanism? (3) In light
of this information, how should pregnant
patients with asthma be managed so as to
minimise the risk?

Regarding the validity of the associa-
tion, there appear to be two issues. The
first is the validity of the information
captured in the database. The accuracy of
exposures and outcomes is always an
issue in studies using administrative com-
puterised data. However, the compu-
terised data used in this study have been
validated with regard to both a diagnosis
of asthma and birth weight and gesta-
tional age outcomes, and several data-
bases were used to capture perinatal
mortality. The second issue is whether
the association identified in this study
could be explained by unmeasured con-
founders. The main unmeasured factor
that could definitely confound this rela-
tionship is maternal smoking, which has
been reported to be increased in pregnant
women with asthma compared with non-
asthmatic women,6 10 25 26 and which has
been clearly associated with increased
perinatal mortality as well as with
increased prematurity and intrauterine
growth restriction.27–32 Several previous
negative studies have adjusted for smok-
ing,15 18 21–23 but the positive study from
the Swedish Medical Birth Registry6 also
adjusted for smoking. Thus, although
adjustment for smoking in future studies
would be highly desirable, smoking may
not fully explain the current association.
Another unmeasured potential confoun-
der is maternal obesity, since obesity has
been reported to be increased in pregnant
women with asthma33 and obesity has
been reported to increase the risk of
intrauterine fetal death.34–37 However, an
association between maternal obesity and
preterm birth or low birthweight infants
has not been established.37

Although confounding could contribute
to the results of the study by Breton and

coworkers,24 a biological association still
seems likely. There are three possible
types of mechanisms that could explain
the increased risk of perinatal mortality in
the pregnancies of women with asthma:
(1) common pathogenesis factors; (2)
medications used to treat asthma; and
(3) uncontrolled asthma. Since prematur-
ity and/or low birth weight seemed to
mediate the relationship between asthma
and perinatal mortality in the study by
Breton et al, factors that could predispose to
both asthma and these outcomes may be
relevant. b2 Adrenergic receptors are present
in both airway and uterine smooth muscle,
and b2 adrenergic dysfunction could explain
both bronchial hyper-reactivity and preterm
labour. Consistent with this hypothesis, b2

agonists are used to treat both asthma and
preterm labour. Most relevant is that two
studies demonstrated bronchial hyper-reac-
tivity in women without asthma who
developed preterm labour.38 39 Common
pathogenesis factors between asthma and
pre-eclampsia may also be relevant since (1)
pre-eclampsia has been reported to be more
likely to occur in pregnant women with
asthma than in those without asthma in
many studies (see above), including the one
by Breton et al; and (2) pre-eclampsia
predisposes to preterm birth, low birth
weight and fetal mortality.40 Certain media-
tors potentially important in pre-eclampsia
such as angiotensin and endothelin are also
potent bronchoconstrictors.41 42 Again, more
compelling in this regard is the report of
increased bronchial hyper-reactivity in
women without asthma with pre-eclampsia
compared with women without asthma
who did not develop pre-eclampsia.43 Thus,
there are data to suggest that asthma and
conditions that predispose to perinatal mor-
tality may be caused by similar pathogenesis
factors, but more data are certainly required
to confirm this mechanism. Moreover, this
mechanism has less clearcut therapeutic
implications than either a medication or
uncontrolled asthma-mediated process.

Medications are frequently required to
treat asthma, and thus an asthma medica-
tion effect must be considered. A recent
study of women receiving asthma drugs
during pregnancy did report a relationship
between perinatal mortality and the use of
three or more asthma medications com-
pared with two or less asthma
medications.15 However, this may have
been an asthma severity effect, although
associations between specific asthma med-
ication groups or individual medications
and perinatal mortality were not reported
in that study. No associations have been
demonstrated between maternal use of
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inhaled b agonists or inhaled corticosteroids
and pre-eclampsia, preterm birth or low
birthweight infants,44–49 although only one
of these studies reported results for a
component of perinatal mortality (still-
birth).45 In contrast,oral corticosteroids have
been independently associated with lower
birth weight,48 pre-eclampsia44 and prema-
turity.46 The study by Breton et al24 did not
address a potential role for oral corticoster-
oids in mediating the observed relationship
between maternal asthma and prematurity
or perinatal mortality. However, residual
confounding by asthma that is more diffi-
cult to control cannot be excluded in the
above studies of oral corticosteroids.

An appealing mechanism for the asso-
ciation reported in the study by Breton et
al is uncontrolled asthma, since asthma
control is the goal of therapy in all
patients with asthma. Although no
studies have reported the relationships
between parameters of asthma control
and perinatal mortality, several studies
have reported relationships between mar-
kers of asthma control and preterm birth,
low birth weight or intrauterine growth
retardation, which the data from the
study by Breton et al suggest may mediate
the increased risk of perinatal mortality in
the pregnancies of women with asthma.
In one study, daily asthma symptoms
were significantly associated with intra-
uterine growth restriction while symp-
toms less than daily were not.50

Inadequate asthma symptom control
and exacerbations requiring hospitalisa-
tions were associated with an increased
risk of preterm birth in infants of mothers
with asthma in another study.51 Lower
maternal pulmonary function in women
with asthma during pregnancy has been
associated with increased risks of preterm
birth, low birthweight infants or intra-
uterine growth restriction in two stu-
dies.52 53 Finally, a meta-analysis has sug-
gested that the increased risk of low
birthweight infants of mothers with
asthma is limited to those women who
suffer asthma exacerbations during preg-
nancy.54 These observational data do not,
of course, prove a cause and effect relation-
ship between inadequate asthma control
and these adverse perinatal outcomes or
assure us that improved control will reduce
the risk. However, since a randomised
controlled intervention trial to identify
the effect of controlled versus uncontrolled
asthma on perinatal outcomes is not
ethical, these observational data may be
the best we can get to direct therapy.

Indeed, the most important question
raised by the study of Breton et al is:
What are the clinical and therapeutic

implications, since it does appear that
maternal asthma can be a life or death
issue for the baby? The two main ‘‘take
away’’ clinical points are: (1) appropriate
surveillance and (2) optimal asthma con-
trol. Pregnancies in women with asthma
need to be considered as high-risk pregnan-
cies, with increased obstetrical surveillance
for pre-eclampsia, preterm labour or deliv-
ery, intrauterine growth restriction and
fetal mortality. Moreover, infants of
women with asthma need to be followed
for an increased risk of neonatal mortality,
especially if preterm or of low birth weight.
Regarding asthma control, as noted above
although not proven, one would hope that
optimal control of asthma during preg-
nancy would reduce the risk of perinatal
complications including perinatal mortality.
Supporting this hypothesis is the observa-
tion that the incidence of perinatal mortal-
ity, preterm birth and low birthweight
infants was not increased in three relatively
large prospective studies performed during
the same time period as the study by Breton
et al in which the asthma was actively
managed by asthma specialists18 20 or peri-
natologists.22 Recent guidelines have been
published for the management of asthma
during pregnancy that should aid clinicians
in providing optimal asthma control for
their pregnant patients.55

In conclusion, although more data are
clearly desirable, the study by Breton et
al24 is an important addition to the body
of literature published to date indicating
that we need to manage our pregnant
patients with asthma with the careful
surveillance and control required of a life
and death clinical situation.
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The pulmonary protein C system:
preventive or therapeutic target
in acute lung injury?
Marcus J Schultz,1,2,3 Barry Dixon,4 Marcel Levi5

Acute lung injury or its more severe
form—acute respiratory distress syn-
drome (ARDS)—are common and impor-
tant intensive care syndromes affecting
many patients. Acute lung injury is
characterised by damage to the alveolar-
capillary membrane resulting in alveolar
flooding, pulmonary inflammation and
alveolar coagulopathy, and changes in
surfactant properties with severe impair-
ment of oxygenation and respiratory fail-
ure mandating mechanical ventilation. It
is rarely present at the time of hospital
admission but develops over a period of
hours to days in subsets of patients with
predisposing conditions such as trauma,

shock or sepsis, and accompanying inter-
ventions including mechanical ventilation
and transfusion.1 Acute lung injury may
therefore be viewed as a potentially
preventable complication. Indeed, imple-
mentation of acute lung injury prevention
strategies such as lung-protective mechan-
ical ventilation using normal-sized tidal
volumes and restrictive blood transfusion
leads to a significant decrease in acute
lung injury and mortality of mechanically
ventilated patients.2 Pharmacotherapies
targeting progression to acute lung injury
may also benefit patients at risk of this
complication. One such preventive strat-
egy might be attenuation of pulmonary
coagulopathy.

COAGULOPATHY IN ACUTE LUNG INJURY
Recent studies have shown that promi-
nent changes in alveolar fibrin turnover
are intrinsic to acute lung injury.3 The
profile and extent of these changes vary
with the severity of the injury.4 The
mechanisms that contribute to pulmon-
ary coagulopathy in acute lung injury are
supposed to be similar to those found in
the intravascular spaces in severe systemic
inflammation (eg, sepsis or septic shock).5–7

Indeed, in acute lung injury, alveolar

thrombin generation seems to be
mediated, at least in part, by the tissue
factor (TF)–factor VIIa (FVIIa) pathway,
as the alveolar epithelium has been
found to initiate TF-dependent intra-
alveolar coagulation in response to
inflammation.8 Patients with ARDS show
an increase in soluble TF, FVIIa and TF-
dependent factor X activation in bronch-
oalveolar lavage (BAL) fluid.5 6 Similarly,
patients who develop ventilator-asso-
ciated pneumonia have a rise in soluble
TF and FVII in BAL fluid over time.7

Furthermore, in ARDS, inhibition of the
TF–FVIIa pathway completely abrogates
intrapulmonary fibrin deposition.9 In
association with enhanced fibrin produc-
tion, fibrinolytic activity is depressed in
BAL fluid of patients with acute lung
injury or ARDS,4 related to raised levels of
plasminogen activator inhibitor 1 (PAI-1),
the main inhibitor of fibrinolysis. PAI-1 is
increased in acute lung injury and is
probably secreted by lung epithelial cells,
fibroblasts and endothelial cells.10 11

Patients at risk of ventilator-associated
pneumonia show similar changes in
pulmonary fibrin breakdown.7 Although
the lung has only a limited capacity to
produce protein C, activated protein C
(APC) is present in BAL fluid.12 The
protein C system is suppressed in patients
with ventilator-associated pneumonia13

and acute lung injury or ARDS.14

ANTICOAGULANT TREATMENT IN
CRITICAL CARE PRACTICE

Recombinant human activated protein C
for severe sepsis and septic shock
Intravascular fibrin formation with
sepsis is thought to perpetuate diffuse
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