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Abstract: Accumulating data indicate that obstructive sleep apnea is an independent risk factor for gestational
hypertension and preeclampsia, contributing to adverse maternal and fetal outcomes. Preliminary studies have
demonstrated the benefits of early nasal continuous positive airway pressure (CPAP) treatment in pregnant women who
are at high risk for preeclampsiato prevent pre-eclampsia and adverse maternal and fetal outcomes. High-risk pregnant
women - such as those with obesity, chronic hypertension, and a prior history of preeclampsia- should be evaluated for
diagnosis and treatment of sleep-disordered breathing given the possible benefit of early CPAP application. The
pathophysiological evidence linking preeclampsia and sleep-disordered breathing was also reviewed to support the
rationale for CPAP application in addition to conventional preeclampsia treatment. Improved knowledge among
healthcare providers about sleep disorders during pregnancy is needed, and large scale studies should be performed to
investigate the role of early CPAP intervention during pregnancy.
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INTRODUCTION

Hypertensive disorders in pregnancy are the most
common medical complications of pregnancy. These can be
divided into three categories: chronic hypertension,
gestational  hypertension (GH), and preeclampsia.
Preeclampsia is the major cause of maternal and fetal
morbidity and mortality worldwide, affecting 3-5% of all
pregnancies [1]. It is associated with a perinatal and neonatal
mortality rate of 10% [2]. It is characterized by the new
onset of hypertension with a resting blood pressure at least
140/90 mmHg, proteinuria (24-hour urine protein> 0.3 g),
and edema occurring after 20 weeks of gestation [3]. The key
pathogenesis of preeclampsia occurs with abnormal
placentation, followed by secretion of toxic placental factors
that induce widespread injury to the maternal vascular
endothelium, leading to dysfunction of the kidneys, liver,
brain, and blood coagulation system [4]. Risk factors for
preeclampsia include: primiparity, multifetal gestation,
extremes of maternal age, and a previous history of
preeclampsia, obesity, hypercoagulable state, chronic
hypertension, and diabetes [2, 5-7]. Moreover, there is
growing evidence demonstrating an association between
sleep-disordered breathing (SDB) and preeclampsia with
adverse feto-maternal outcomes.
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Pregnancy and sleep have a complex interaction. Sleep
quality and duration are commonly affected during
pregnancy. Changes in sleep patterns are due to several
hormonal, physiological, physical, and behavioral factors
which exist during pregnancy. The physiologic and
biochemical changes of pregnancy may place women at risk
for developing specific sleep disorders such as obstructive
sleep apnea and restless legs syndrome. The pregnancy
related changes might also exacerbate or unmask pre-
existing sleep disorders, in particular SDB.

In this review, we discuss sleep changes and SDB during
pregnancy, especially in relation to preeclampsia. This
review also describes the reported association between SDB
and adverse pregnancy outcomes. We also suggest treatment
for preeclampsia that exceeds the standard convention, in
light of the effects on medical status and fetal outcome.

SLEEP CHANGES
PREECLAMPSIA

DURING PREGNANCY AND

As pregnancy progresses, hormonal and physical changes
cause alterations in sleep duration and architecture. While
total sleep time increases during the first trimester compared
to the non-pregnant period, thereafter it progressively
decreases and is significantly reduced during the third
trimester. Deep sleep (NREM stage 3 and 4) and REM sleep
are reduced after the first trimester [7-9].

In contrast to data obtained during normal pregnancy,
Edwards et al. reported marked alterations in sleep
architecture in 25 pre-eclamptic women compared to 17
normal pregnant women with a substantial increase in the
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percentage of slow wave sleep (43 £3 versus 21 + 2%, p<
0.001). The authors postulated that cerebral edema and
cytokine release might be the possible explanations for the
increase in slow-wave sleep [10]. Tumor necrosis factor-
alpha (TNF-alpha), interleukin-6 (IL-6), and IL-8 have all
been identified in preeclampsia [11, 12]. Some of the
cytokines including IL-1, TNF-alpha, and prostaglandins
have been suggested as factors that increase slow-wave sleep
[13]. The report also mentions a decrease in the percentage
of REM sleep and an increase in REM latency, although
these changes were most likely due to the clonidine that a
majority of the preeclamptic subjects had been taking in this
study [10].

SLEEP-DISORDERED
PREGNANCY

BREATHING DURING

Pregnancy causes anatomic, physiologic, and hormonal
changes and a narrowing of the size of the upper airway
which may increase the risk for developing obstructive sleep
apnea (OSA) or worsen pre-existing sleep apnea. Respiratory
mechanics alter during pregnancy with a 20% decrease in the
function residual capacity (FRC), which further decreases in
the supine position and during sleep. Reduction in FRC
results in decreased oxygenation in the mother from an
increase in the alveolar-arterial gradient and an increase in
ventilation-perfusion mismatch, whereas the increase in
progesterone during pregnancy markedly up-regulates
ventilatory drive [14, 15]. Furthermore, during normal
pregnancy there is a progressive rightward shift of the
oxyhemoglobin dissociation curve which facilitates the off-
loading of oxygen to peripheral tissues, most importantly to
the placenta. In contrast, in preeclampsia there is a leftward
shift of the oxyhemoglobin dissociation curve which impairs
oxygen off-loading and thereby renders the fetus vulnerable
to even subtle obstructive respiratory events in the
preeclamptic mother [16].

Snoring in pregnancy has been shown to occur most
commonly in the third trimester. Loube ef al. reported the
prevalence of snoring in pregnancy using a questionnaire,
comparing the results to non-pregnant women. The study
showed 14% of pregnant women report snoring, which is
about three times higher than non-pregnant women [17].
Franklin ef al. suggested a relationship between habitual
snoring and  pregnancy-induced hypertension and
preeclampsia [18]. Seven percent of pregnant women stated
that they started to snore or markedly increased their snoring
frequency during the first trimester, 6% during the second
trimester, and 24% of during the third trimester.

Izci et al. reported a frequency of habitual snoring in
healthy pregnant women during the third trimester of 59%,
compared to a frequency of 12% pre-pregnancy and a
postpartum frequency of 18% [19]. However, the actual
prevalence of OSA among pregnant women is unknown.
Edwards et al. conducted a case-controlled, longitudinal
study of SDB during late pregnancy (mean 32+ 4 weeks of
gestation) and postpartum ( mean 4 + 2 months) in 10
women referred for suspected SDB during the third trimester
of pregnancy [20]. They found that postnatal sleep apnea
severity improved compared to late pregnancy in both apnea-
hypopnea index (AHI) and minimum oxygen saturation in
NREM (63 £15 versus 18+ 4 events per hour, p= 0.03) and
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in REM sleep (64 = 11 versus 22+ 4 events per hour, p=
0.002). There was no relationship between the change in
weight or BMI and the change in AHI from antenatal to
postnatal sleep. Blood pressure response to sleep apnea
peaked at 170-180 mmHg antenatally, while it only reached
a maximum of 130-140 mmHg postnatally. This study
indicates that late pregnancy may be associated with an
increase in the severity of SDB and blood pressure response.

These findings convey an important message for
antenatal care: If SDB is diagnosed prior to pregnancy, the
condition needs to be reassessed (particularly at the third
trimester of pregnancy), with treatment options discussed
given the potential impact on the growing fetus. Moreover,
even if SDB is not present prior to pregnancy, with risk
factors such as obesity or craniofacial deficiency it is crucial
to assess the patient during pregnancy to detect exacerbation
of SDB. The severity of SDB should also be reassessed
during the postpartum period.

UPPER AIRWAY NARROWING

During pregnancy, there are several potential
physiological changes that predispose to an increase in upper
airway resistance and reduce the cross-sectional area of the
upper airway. These changes include: weight gain, a
decrease in functional residual capacity (FRC) due to
displacement of the diaphragm, pharyngeal edema of
pregnancy, and the effects of sleep deprivation and
fragmentation on pharyngeal dilator muscle activity and
upper airway collapsibility [14, 15]. Studies of upper airway
dimension using acoustic reflection techniques in healthy
pregnant women show that the upper airway is significantly
narrower during the third trimester of pregnancy compared
to non-pregnant women and during repeat measures during
the postpartum period [19].

There are significant differences when comparing the
reports of snoring in non-pregnant women (14%), pregnant
women (28%), and in pregnant preeclamptic women (75%)
(p< 0.02). Preeclamptic women also have narrower upper
airway dimensions in both upright and supine position
compared to non-pregnant women and women with an
uncomplicated pregnancy. These changes in upper airway
resistance may contribute to respiratory episodes during
sleep in preeclamptic women, which could further increase
their blood pressure [21].

Nasal patency is also reduced during pregnancy, [22-26]
with 42% of women at 36 weeks gestation reporting nasal
congestion and rhinitis [22]. Elevation in circulating estrogen
concentrations and an increase in circulatory blood volume
during pregnancy have been linked with nasal congestion.

SLEEP DISORDERED BREATHING AND ADVERSE
MATERNAL AND FETAL OUTCOMES.

Sahin et al. studied the fetal outcomes in 4 pregnant
women with OSA compared to 31 pregnant women without
OSA and found that neonates of women with OSA had lower
mean APGAR scores and lower birth weights than neonates
of women without OSA [27]. Recent data from a large
Taiwanese pregnancy cohort of 791 women with OSA
versus 3955 women without OSA showed that having OSA
increases the risk of low-birth weight (OR 1.76, 95% CI
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1.28-2.4), preterm birth (OR 2.31, 95% CI 1.77-3.01), small
size for gestational age (1.34, 95% CI 1.09-1.66), cesarean
section (OR 1.74, 95% CI 1.48-2.04), and preeclampsia (OR
1.6, 95% CI 2.16-11.26) [28]. This study is consistent with
the prior results from Bourjeily et al. that evaluated 1000
pregnant subjects with a self-reported snoring rate of 35%.
This study shows that snoring increases the risk of having
pregnancy-induced hypertension and preeclampsia (OR 2.3,
95% CI 1.4-4.0), gestational diabetes (OR 2.1, 95% CI 1.3-
3.4), and unplanned Cesarean delivery (OR 2.1, 95% CI 1.4-
3.2) [29]. Screening for sleep-disordered breathing with the
Berlin questionnaire (a questionnaire designed to recognize
subjects at risk of OSA) was done in 4074 pregnant women
presenting at delivery compared to 490 non-pregnant women
presenting for outpatient surgery. Positive Berlin
questionnaire were higher in the pregnant women compared
to the non-pregnant women (33% versus 20%, p < 0.001).
The incidence of preeclampsia was greater (OR 3.9) in the
pregnant women with a positive Berlin Questionnaire as
compared to those with a negative Berlin questionnaire.
However, the survey was performed during the third
trimester at the time of delivery- and not in early pregnancy -
and therefore these results cannot be used for early
prediction and intervention during the course of pregnancy
[30]. Olivarez et al. [31] performed a prospective study
screening for OSA in 100 pregnant women at 26-39 weeks
of gestation using the Berlin questionnaire compared to
polysomnography combined with fetal monitoring for>3
hours. In this study, the Berlin questionnaire showed poor
predictive value for OSA (AHI > 5 events/hour) in
pregnancy with a sensitivity of 35% and a specificity of
63.8% Only the snoring component of the Berlin
questionnaire correlated with oxygen desaturation (<95%)
(p=0.003) and the sleepiness component failed to correlate
with polysomnographic parameters [31]. Another report was
consistent with prior studies, indicating that snoring and
sleepiness increase during pregnancy both in normal
pregnant and preeclamptic women. However, there was no
correlation between sleepiness and snoring, potentially
suggesting the presence of another cause of the sleepiness
[32].

Worsening symptoms associated with SDB in pregnancy
have been reported by Pien et al. These authors indicate that
SDB symptoms (based on the apnea symptom score from the
Multivariate Apnea Prediction Index) and Epworth
Sleepiness Scale increase significantlyfrom the first trimester
to the month of delivery. This was not limited to snoring, but
included gasping, choking, difficulty breathing, and apneic
events. The increase in SDB symptoms compared to the first
trimester was detectable by 28-29 weeks of gestation [33].
Despite these numerous reports, there are no specific
guidelines to screen for SDB in pregnant women to date.
Further research is needed to optimize the measures and
strategy needed to screen for SDB in pregnancy.

IMPACT OF SLEEP AND SLEEP-DISORDERED
BREATHING ON PREECLAMPSIA

During normal sleep, many hemodynamic changes occur,
including reductions in cardiac output (CO) and total
peripheral resistance (TPR) from wakefulness to NREM
sleep and variability in these measures during REM sleep.
Blyton et al. [34] studied hemodynamic changes during
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sleep in 24 women with severe preeclampsia compared to 15
controls with normal pregnancy. They found that during
wakefulness hemodynamic parameters including stroke
volume, heart rate, and CO were similar in controls and
patients with preeclampsia but TPR was significantly
elevated in the preeclampsia group. During sleep, heart rate,
stroke volume, and cardiac output decreased in preeclamptic
subjects with a substantial increase in TPR and blood
pressure. Relative changes in hemodynamics during normal
pregnancy were similar to those seen in non-pregnant
subjects, while women with preeclampsia had markedly
altered responses during sleep. Most importantly, these
women had reductions in CO associated with increases in
TPR and blood pressure. These authors also found that CO
during sleep was associated with fetal birth weight (r2=0.64,
p<0.001). Randomization to nasal CPAP, an intervention
provided to half of the preeclamptic subjects, was also
performed in this study. The results indicate that after CPAP
treatment, these hemodynamic changes were minimized with
a reduction in blood pressure during sleep. Interestingly,
blood pressure and TPR were maximal during SWS sleepin
preeclamptic subjects. This may result from increased upper
airway resistance in the absence of arousal often found in
these sleep stages leading to hypercapnia and an increase in
sympathetic nervous system activity. Moreover, CO was at
its nadir during stage3 and 4 NREM sleep, demonstrating
that slow-wave sleep is the time of greatest cardiovascular
vulnerability in preeclampsia [34].

Various hypotheses have been proposed regarding the
relationship between snoring and partial airway obstruction
and an increase in nocturnal blood pressure. Previous studies
have shown that snoring and OSA are associated with
specifically nocturnal hypertension and “flattening” of the
diurnal blood pressure rhythm (i.e. an absence of normal
“dipping” of the blood pressure curve during the nocturnal
period). Hypertension associated with preeclampsia usually
demonstrates diurnal flattening or even a reversal of the
nocturnal blood pressure, becoming increased relative to
daytime blood pressure [35-37]. It has been shown that
pregnancies complicated by preeclampsia are characterized
by an increase in systolic blood pressure (BP) by 95% and
diastolic BP by 13% between mid-gestation and delivery.
Additionally, systolic (but not diastolic) BP may be slightly
elevated during the first half of pregnancy in women who
develop preeclampsia compared to those with gestational
hypertension [38]. The circadian pattern of BP may also be a
valuable disease predictor as significant changes in the mean
of both systolic and diastolic BP, as adjusted for circadian
rhythm, and elevation in the 24-hour mean pulse pressure
have been reported in women who develop preeclampsia [39,
40].

Edwards et al. studied 11 preeclamptic women on 2
consecutive polygraphic sleep studies with simultaneous
beat-to-beat blood pressure monitoring. Sleep-induced
partial airflow limitations were present in all subjects during
the first night of study and these flow limitations were
subsequently eliminated with an autoset nasal CPAP with a
maximum pressure of 61 cmH20 during the second
night. Blood pressure was markedly reduced on the
treatment night (128+ 3 /73+ 3) as compared to the first
study night (146+ 6 /92 + 4). These authors concluded that
partial airway obstruction in preeclampsia is associated with
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an increase in blood pressure, which can be eliminated with
nocturnal CPAP wuse [41]. Preeclamptic patients with
coexisting obstructive sleep apnea (OSA) show more
augmented hemodynamic responses than normal pregnant
women with OSA. Blood pressure responses to obstructive
respiratory events during sleep were markedly augmented in
preeclamptic patients compared with normotensive patients
both in NREM (38/24mmHg vs.20/12mmHg) and REM
sleep (46/28mmHg vs.24/13mmHg), despite similarities in
the severity of upper airway obstruction during sleep. [42]
This finding has important implications for the monitoring
and treatment of preeclampsia. Fluctuations in BP resulting
from coexisting OSA or an increase in upper airway
resistance during sleep in preeclamptics may alter blood
pressure control and further increase the risk of fetal
complication. This is detrimental to preeclamptic women
since data demonstrate a higher frequency of snoring and a
more narrow upper airway dimension compared to normal
pregnant women.

Connolly et al. reported a study of airflow limitation
during sleep studies in 15 preeclamptic women compared to
15 pregnant women in each trimester and 15 non-pregnant
women [43]. Although all subject groups had no significant
OSA (AHI <5 events/hour), preeclamptic women spent more
time with airflow limitation (314 8.4% of sleep period time)
compared to normal pregnant subjects in their third trimester
of pregnancy (15.5% 2.3% of sleep period time) and < 5% in
the other three groups (p=0.001). The pattern of flow
limitation in preeclamptic women consisted predominately
of prolonged episodes lasting several minutes without
associated oxygen desaturation. These episodes were in
contrast to shorter transient episodes of flow limitation or
sequences of breaths with increased respiratory effort
terminated by arousal, which is currently scored as
respiratory effort related arousal (RERA), a feature of upper
airway resistance syndrome (UARS) [44, 45]. This type of
prolonged breathing pattern has been reported to occur
during slow-wave sleep, which increases in preeclampsia. In
sum, this study emphasized that inspiratory flow limitation is
common during sleep in preeclampsia despite the absence of
overt OSA with the conventional classification of severity of
sleep apnea.

Using overnight polysomnography, Reid et al recently
reported a high prevalence of sleep-disordered breathing in
34 pregnant women with gestational hypertension compared
to 26 healthy pregnant controls [46]. There were
significantly higher frequencies of SDB (respiratory
disturbance index, RDI > 5 per hour) in women with
gestational hypertension than in uncomplicated pregnant
women (53% versus 12%, p<0.001), although women with
gestational hypertension were more obese. Interestingly, the
selected cut-off point for SDB was very sensitive, with the
rationale that even mild SDB had been shown to impact
hemodynamics in a non-pregnant population. Also noted in
this study, REM sleep was associated with both higher RDI
(28.1+ 394 wversus 5.9+ 9.8, p = 0.006) and oxygen
desaturation index > 3% (9.4+ 15.7 versus 1.1 £ 45, P =
0.02) in women with gestational hypertension, raising the
concern of profound cardiovascular consequences of
obstructive respiratory events given the higher sympathetic
nervous activity in REM sleep.In a prior case-control
polysomnographic study by Champagne et al. involving 17
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pregnant women with gestational hypertension versus 33
pregnant women without hypertension, the finding of OSA
(with AHI greater than 15 events per hour) was positive in
14 out of 17 (82%) and in 15 out of 33 (45%), respectively.
The mean AHI was 38.6+ 36.7 versus 18.2 +12.2
events/hour [47]. The adjusted odd ratio of OSA given the
presence of gestational hypertension was 7.5 (95%
confidence interval 3.5-16.2). Based on these two studies,
the prevalence of SDB and OSA is high among women with
gestational hypertension despite using different cut-off
points.

Data suggest the possible relationship between
disordered breathing during sleep and preeclampsia, whether
this is due to an increase in upper airway resistance or
inspiratory airflow limitation during sleep. However, the
question of whether sleep-disordered breathing is a causative
factor or a consequence of preeclampsia due to generalized
edema remains unaddressed. The above findings have
important implications for the pathophysiology and the
treatment of preeclampsia with CPAP. This is particularly
true in light of the knowledge that in an earlier study in non-
pregnant subjects Guilleminault ef al indicated that, even in
the absence of classic apnea or hypopnea or significant drops
in oxygen saturation(<90%), repetitive increases in blood
pressure can occur as a result of upper airway resistance
during sleep. These authors emphasized that in some patients
with UARS and borderline hypertension, blood pressure can
be controlled with treatment with CPAP [48].

POTENTIAL PATHOPHYSIOLOGIC MECHANISM
FOR PREECLAMPSIA IN RELATION TO SDB

Despite growing evidence indicating an association
between snoring and sleep apnea as potential risk factors for
gestational hypertension and preeclampsia, direct evidence to
support the potential pathophysiological mechanism linking
these two conditions remains sparse [49].

Pathologic studies in preeclampsia show the abnormal
development of an ischemic placenta, producing toxic
placental factors which induce widespread endothelial
dysfunction resulting in an imbalance of vasoactive
mediators leading to vasoconstriction. An imbalance in
circulating angiogenic factors is emerging as a prominent
mechanism that mediates endothelial dysfunction. However,
the initial triggering etiologic agents are currently unknown
[50, 51]. It is noteworthy that the general risk factors
associated with severe preeclampsia significantly overlap
with those reported to increase the risk of sleep-disordered
breathing syndromes.

Sleep apnea is also associated with increased sympathetic
activity with  vasospasm, endothelial  dysfunction,
inflammation, and increased angiotensin II levels, findings
that are also implicated in the pathogenesis of preeclampsia
[50]. A study by Bachour et al. indicates that preeclamptic
women have significantly more nasal flow limitation during
sleep, higher interleukin-6 and tumor necrotic factor alpha
plasma levels, more edema, and worse pregnancy outcomes
than healthy pregnant women [52]. Another study supporting
the association of preeclampsia with sleep-disordered
breathing and endothelial dysfunction was performed using
ambulatory sleep monitoring (Watch-PAT100) and
noninvasive evaluation of endothelial function with a
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reactive hyperemia test (Endo PAT 2000). A higher ratio of
post-to pre-occlusion pulse wave amplitude (endothelial
function index, EFI) indicated better endothelial
function. The results reveal that preeclamptic women have a
significantly higher respiratory disturbance index (RDI) and
a lower EFI compared to controls. Blood pressure correlates
with RDI and EFI. The authors speculated that respiratory
disturbances might contribute to the functional abnormality
of blood vessels in preeclampsia [53].

CPAP AS A POTENTIAL TREATMENT IN
PREECLAMPSIA

Nasal continuous positive airway pressure (CPAP) has
been proposed as therapy for preeclampsia. A pilot
prospective, longitudinal study in 12 pregnant women with
preeclampsia risk factors was performed by Guilleminault et
al to characterize SDB patterns and describe the effects of
early nasal CPAP therapy [54]. The study included 2
subjects with a history of prior preeclampsia, 7 subjects had
chronic hypertension without prior preeclampsia, and 3 were
obese subjects. At initial evaluation, during the first trimester
(mean 7.5 weeks of gestation), all women had mild sleep-
disordered breathing with a mean respiratory disturbance
index of 8.5 + 2.6 events/hour. All subjects were compliant
to nightly CPAP treatment throughout pregnancy with the
use of heated humidification and the pressure set to 5-6
c¢cmH2O0 at initial titration, but subsequently requiring higher
pressures of 8-9 cmH20O when reaching the sixth month of
pregnancy. All 7 women with chronic hypertension were
able to maintain their blood pressure < 140/90 mmHg during
pregnancy without the need of medication adjustment and
exhibited a normal nocturnal blood pressure with normal
“dipping” related to the circadian rhythm. All women with
pre-existing hypertension had normal deliveries of full-term
infants with normal birth weights and APGAR scores [54].
However, pregnancy outcomes were worse in the 3 obese
subjects. One subject had a miscarriage, 1 had a premature
delivery at 34 weeks of gestation with the infant admitted to
the neonatal intensive care unit (NICU), and 1 developed
preeclampsia at 30 weeks of gestation with caesarean
delivery and NICU admission. Of those 2 subjects with a
history of prior preeclampsia, 1 developed preeclampsia at
30 weeks and delivered a premature infant while the other
delivered a normal, full-term infant. These results show that
early CPAP application were insufficient to prevent the
occurrence of preeclampsia, spontaneous abortion, or
premature birth in subjects with obesity and prior
preeclampsia. However, none of the chronic hypertension
subjects  ultimately  developed preeclampsia  [54].
Subsequently, based on the findings of their first study,
Poyares et al reported a second small randomized trial of
CPAP versus no CPAP in 16 pregnant women with chronic
hypertension and snoring recognized during the first 6 weeks
of pregnancy. In this study, 7 pregnant women receiving
CPAP experienced a drop in blood pressure as compared to
an increase in blood pressure in 9 pregnant women in the
control group [55]. Marked increases in blood pressure
within the control group led to escalation of alpha
methyldopa dosage, whereas in the CPAP treatment group
blood pressure remained controlled without medication
changes. None of the women in the CPAP group developed
preeclampsia, while one of the control subjects did with
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resulting termination of the pregnancy at 33 weeks of
gestation.  All  CPAP-treated  patients  experienced
uncomplicated pregnancies and delivered infants with higher
APGAR scores and significantly fewer infant visits during
the postpartum period than controls. The apnea-hypopnea
index documented by polysomnography in the CPAP-treated
group was less than 5 events/hour in all subjects (mean3.1 +
1 events per hour) with an average minimum oxygen
saturation of 92 + 1 %with treatment [55]. Although limited
by small sample size, these two studies present an impetus to
further investigate the role of early CPAP intervention to
prevent, lessen the severity, or delay the onset of
preeclampsia in high-risk pregnant women. The potential
benefits of prolonging gestation in utero are valuable in
relation to infant growth and development, maternal safety,
and hospital costs [54, 55]. Larger-scale studies should be
performed to demonstrate the potential benefit of CPAP
intervention, considering the minimal side effects of CPAP
largely consisting of nasal dryness and mask discomfort.

TREATMENT OF OSA DURING PREGNANCY

Guilleminault et al also reported successful CPAP
treatment in pregnant women with diagnoses of SDB. Nasal
CPAP was well-tolerated with full compliance, no hazard to
infant outcome, and improvement in complaints of excessive
daytime sleepiness and fatigue. From this study, some
women complained of nasal congestion and had inferior
turbinate engorgement related to pregnancy, but this was
alleviated with humidification and mask adjustment. At 6
months, the CPAP pressures were increased in some subjects
[56]. In addition, there have been case reports of CPAP
treatment in women with obstructive sleep apnea during
pregnancy. Lewis et al described a case of an obese pregnant
women with OSA who subsequently developed pulmonary
hypertension and severe anasarca at 29 weeks of gestation.
She was treated with nasal CPAP during sleep and
responded well, as evidenced by the massive diuresis that
quickly followed, and she ultimately delivered at term via
cesarean section due to transverse lie of the infant [57].
Another case report of a twin pregnancy involving severe
obstructive sleep apnea was described by Langner et al In
this instance, a 36-year-old woman carrying twins presented
with complaints of snoring and nocturnal oxygen
desaturations at 28 weeks of gestation. Polysomnography
confirmed severe obstructive sleep apnea (AHI= 104
events/hour, oxygen saturation nadir of 75%). Treatment of
OSA with nasal CPAP and supplemental oxygen followed
by bilevel positive airway pressure set to “spontaneous mode
was inadequate. When the bilevel was set on timed mode
(i.e., with the bilevel functioning as a ventilator), there was a
partial improvement of the sleep-disordered breathing (AHI=
32 events/hour, oxygen saturation nadir of 85%). Because of
the persistence of symptoms of preeclampsia despite therapy,
a cesarean section was performed at 31 weeks of gestation
with the birth of 2 healthy neonates. In this case
preeclampsia was observed and a premature delivery could
not be prevented. There were two unique elements that differ
from the other cases: the onset of treatment was late (at 29
weeks of gestation) and it was a twin pregnancy [58].
Finally, Noseda reported on a morbidly obese, excessively
sleepy woman with prior preeclampsia who was treated with
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nasal CPAP at 30 years of age. With nasal CPAP treatment,
the patient had 3 completely normal pregnancies [59].

As nasal CPAP has been shown to be a safe and effective
treatment of SDB during pregnancy, with only the need for
regular follow-up to adjust the pressure during late
pregnancy, this treatment approach should be discussed with
pregnant women diagnosed with SDB. This is especially
important given the exacerbation of SDB during pregnancy
and the potential for adverse effects on pregnancy and fetal
growth [56]. During the postpartum period, a re-evaluation
of the severity of the syndrome with adjustment of CPAP
pressure should occur considering the reports of
improvement in SDB post-delivery [20].

SUMMARY

There are now accumulating data suggesting that not
only OSA but SDB in general are independent risk factors
for gestational hypertension and possibly preeclampsia,
contributing to poor maternal and fetal outcomes such as low
birth weight, small size for gestational age, and pre-term
delivery. The interactions between preeclampsia and SDB
are complex and bidirectional. While SDB can occur in
association with the many physiological and hormonal
changes of pregnancy, it also has a key role in blood control
in preeclampsia, with obstructive respiratory events
worsening the condition. The prevalence of SDB in
gestational hypertension and preeclampsia is high.
Interestingly, repetitive flow limitation as seen in upper
airway resistance syndrome may be as detrimental as frank
OSA. In any of these conditions, nasal CPAP treatment, at
least if initiated early in pregnancy, has shown to be of
benefit.

There are to date promising data indicating that early
treatment with CPAP might be beneficial in high-risk
pregnant women, especially among those with chronic
hypertension and snoring. Treatment can control blood
pressure and prevent the occurrence of preeclampsia with the
associated poor fetal outcomes. Unfortunately, large studies
are lacking. Currently there is no standard guideline for
screening pregnant women for SDB. It is clear that women
with pre-existing obesity, chronic or recently developed
gestational hypertension, and a prior history of preeclampsia
— all of whom are usually considered as having a “high-risk
pregnancy” — should be evaluated for the presence of SDB
(and not only OSA). This evaluation must include
polysomnography with a nasal cannula signal to evaluate for
flow limitation during sleep. If the investigation is positive,
early treatment with nasal CPAP should be strongly
considered. Further research should include large-scale
studies to investigate the impact of early nasal CPAP
application in pregnant women with preeclampsia risk
factors and sleep-disordered breathing.
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