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SYNOPSIS

The spectrum of sleep disordered breathing (SDB) ranges from mild snoring to obstructive sleep
apnea (OSA), the most severe form of SDB. Current recommendations are to treat these women
with continuous positive airway pressure (CPAP) despite limited data. SDB in early and mid-
pregnhancy were associated with preeclampsia and gestational diabetes. Pregnant women with a
diagnosis of OSA at delivery were at significantly increased risk of having cardiomyopathy,
congestive heart failure, pulmonary embolism and in-hospital death. These effects were
exacerbated in the presence of obesity. Postpartum, these women are at risk for respiratory
suppression and should be monitored.
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Obstetric patients have been under-recognized as a population at risk for sleep-disordered
breathing (SDB). SDB is likely underappreciated in pregnancy due to a number of factors
including: limited provider education; a lack of reliable screening tools; and a need for
additional studies characterizing the dynamic effects of pregnancy on SDB and perinatal
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outcomes. In addition, several of the most common risk factors for SDB recognized by
clinicians were established from studies that excluded women of reproductive age.? It is now
recognized that SDB may present differently in women of reproductive age, which can
further complicate screening and diagnosis.3

Studies of SDB in recent years indicate there are significant implications for pregnancy.
Women affected by SDB are more likely to experience pregnancy complications and adverse
pregnancy outcomes.*-10 In this article we will review SDB, the implications for pregnancy
and ways that a practicing physician can improve clinical outcomes.

What is SDB?

SDB is a group of disorders characterized by ventilation abnormalities during sleep. The
spectrum of SDB ranges from mild snoring to obstructive sleep apnea (OSA), the most
severe form of SDB.11 OSA involves multiple episodes of apnea or hypopnea during sleep
that result from diminished airflow through the upper airway during respiratory effort, due to
partial or complete upper airway tissue collapse. This phenomenon leads to sleep
fragmentation, sympathetic stimulation, hypercarbia, and intermittent cycles of hypoxemia
and reoxygenation.12 These pathophysiologic perturbations in turn contribute to
inflammation, endothelial dysfunction, insulin resistance, and cardiovascular disease.12
Repeated nocturnal arousals can result in excessive daytime sleepiness, and can be at
increased risk when driving or operating machinery.12-14 The terms SDB and sleep apnea
have been used interchangeably in the obstetric literature.

Gestational OSA

Women diagnosed with OSA during pregnancy likely represent one of two distinct clinical
phenotypes: women with pre-existing OSA that become pregnant (chronic OSA); and
pregnant women who develop OSA (gestational OSA). Women with gestational OSA may
enter pregnancy with snoring, and develop worsening airway obstruction due to physiologic
and hormonal changes of pregnancy or in association with other comorbidities developed in
pregnhancy (multiple gestations, hypertensive disorders of pregnancy, or gestational
diabetes). Some physiologic changes of pregnancy that may predispose women to OSA
include upper airway edema and respiratory-driven changes leading to larger negative upper
airway pressures due to elevated estrogen and progesterone.1® There is some evidence that
gestational OSA may improve or resolve entirely after pregnancy.16-18 However, the term
“gestational sleep apnea” has not been formally defined. To date, the progression and impact
of these two phenotypes has not been well described in either the perinatal period or beyond.

Epidemiology and Risk Factors

The risk factors for OSA are well established in the general population and include: male
gender, older age, obesity, African-American race, craniofacial abnormalities, and smoking.
19,20 OsA is also associated with other co-morbid conditions including: type 11 diabetes,
hypertension, cardiac arrhythmias and cardiovascular disease.12 Women who have those risk
factors prior to pregnancy may be at increased risk for OSA. The existing studies in
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pregnancy also recognize increasing gestation, increasing maternal age, obesity, chronic
hypertension, and frequent snoring (=3x/week) as risk factors.8 10: 21 |n the largest
prospective study to date, women with OSA were older, had higher body mass index, larger
neck circumference, and were more likely to have chronic hypertension, which is consistent
with prior studies.®

Longitudinal studies of OSA indicate an increased prevalence across gestation.® 22 In the
largest prospective study currently published, the prevalence of OSA was estimated to be
3.6% in early pregnhancy and increased across gestation with rates as high as 26% in the third
trimester among the 3,132 nulliparous women who completed objective testing for OSA.6
These data are congruent with the findings of Pien et a/. which also found an increase from
10.5% women with OSA in the first trimester to 26.7% in the third trimester among a group
of women who underwent overnight polysomnography at the two time points in pregnancy.
22 \While the first trimester prevalence likely represents women with preexisting chronic
OSA, the increase throughout gestation is evidence of impact of pregnancy on the
prevalence of the disease. With increased obesity rates, OSA is expected to affect a greater
proportion. Approximately 15%-20% of obese pregnant women are estimated to have
OSA7:10.21 \wjith delayed childbearing, women are older at the time of their first pregnancy,
further increasing the risk for OSA.

Screening and Diaghosis

The screening questionnaires developed and validated in the non-pregnant population
(Berlin questionnaire, Epworth Sleepiness Scale, and STOP-BANG questionnaires) have not
been demonstrated to be useful in the obstetric population with reported sensitivities and
specificities that are 36-39% and 68-77% respectively in current literature.”- 23-27 While
they are limited, in the absence of a better screening tool, some clinicians choose to use
them. As an alternative, Facco et a/. proposed that most cases of OSA can be identified using
3 factors: age, BMI and presence of chronic hypertension.? Larger scale studies are needed
to identify the best approach for screening pregnant women.

The gold standard for the diagnosis of OSA is overnight, attended, in-lab polysomnography
(in-lab PSG).14 However, in many medical centers, the availability of in-lab
polysomnography requires significant wait times that may not allow for treatment to occur
during pregnancy. Further, in-lab PSG is costly, and requires an overnight, inpatient stay,
which may not be practical for many patients that are unable to spend a night away from
children in the home. Due to these challenges, many sleep physicians and insurers are
turning to home sleep testing using portable devices as a practical alternative for select
populations. Home sleep apnea testing devices have been used in several studies with
pregnant women and some have been validated in pregnant populations.19: 21. 28 However,
although home sleep testing is widely accepted, there are some limitations. Home sleep tests
are unattended and do not measure sleep time with EEG, so they are prone to underestimate
sleep apnea severity or provide false negative results.1* 29 They are particularly confounded
by frequent waking during sleep such as occurs for many pregnant women who may have a
more frequent need to urinate. Routine EEG offers direct clinical observation along with
electrophysiologic and cardiorespiratory monitoring to measure actual sleep time; most
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home tests are missing that component.30 Despite these limitations, home sleep testing is
likely to detect moderate to severe OSA, especially when utilizing mild range apnea-
hypopnea index (AHI) scores (>5/hour) as the threshold for treatment or further testing.3!
Sleep apnea severity is scored based on the AHI, a measure of how many apneas (cessation
of airflow for = 10 seconds accompanied by an arousal or oxyhemoglobin desaturation) and
hypopneas (reduction of airflow for = 10 seconds accompanied by an arousal or
oxyhemoglobin desaturation) are present per hour of sleep. Mild OSA is defined as 5 < AHI
< 15/hour, moderate is considered 15 < AHI < 30, and severe OSA is 30 or greater/hour.32

Some insurers prefer that their insured customers receive home sleep tests instead of in-lab
PSG due to the cost savings as proof of diagnosis of OSA for coverage of continuous
positive airway pressure (CPAP) therapy; the Centers for Medicare and Medicaid Services
began covering home sleep testing in 2016.33 At this point, due to barriers of in-lab studies,
home sleep testing is a viable alternative in select patients. However, the results should be
interpreted with caution, and if significant clinical suspicion for OSA remains, it is
recommended that the patient undergo overnight, in-lab PSG.14

Treatment

In the general population, CPAP is the preferred treatment for mild, moderate, and severe
OSA..34 More than 15 randomized clinical trials in the general population have suggested
that treatment reduces hypertension, cardiovascular morbidities, and motor vehicle crashes.
35-38 \While the data on improvement of symptoms, quality of life and automobile crashes
have been consistent, recent data have failed to demonstrate a benefit in the reduction of
cardiovascular disease.3° However, some of the difficulty in finding a difference may be due
to diminished efficacy of CPAP secondary to poor patient adherence. Customized oral
mandibular repositioning devices are an alternative that keep the airway open by pulling the
lower jaw forward. While these oral devices can be an effective treatment for mild to
moderate OSA for individuals with good dentition, they are considered second line
treatment and only recommended if the patient cannot tolerate CPAP or desire alternative
therapy.40

There are few data to direct the treatment of OSA in pregnancy. Small studies examined
CPAP treatment using short-term intermediary outcomes such as maternal blood pressure.
41-43 However, with such small sample sizes, they were insufficiently powered to detect
treatment impact or safety. Therefore, despite a consistent body of evidence showing an
increased risk of adverse pregnancy outcomes associated with OSA in pregnancy, we do not
have evidence that treatment in the short term of pregnancy improves maternal or neonatal
outcome. Rather, the benefits demonstrated in the general populations and the existing
treatment guidelines are extrapolated to pregnancy.34

Maternal morbidity

The Sleep Disordered Breathing Sub-study of the Nulliparous Pregnancy Outcomes Study
was a multicenter, prospective cohort study seeking to investigate whether sleep-disordered
breathing during pregnancy is a risk factor for the development of hypertensive disorders of
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pregnancy and gestational diabetes.5 18 The vast majority of these subjects who tested
positive for OSA in their pregnancies had mild-moderate OSA (AHI 5-14.9/hour). SDB in
early and mid-pregnancy were associated with preeclampsia [adjusted Odds Ratio (aOR)
1.94 (95% CI 1.07-3.51) and 1.95 (95% CI 1.18-3.23)], and gestational diabetes (GDM)
[aOR 3.47 (95% CI 1.95-6.19) and 2.79 (95% CI 1.63-4.77)]. There was a demonstrated
dose response for women with severe OSA in mid-pregnancy (AHI > 15/h) showing an even
greater risk of hypertensive diseases of preghancy [aOR = 4.27 (95% ClI, 1.74 — 10.45]. The
findings of that study confirmed the findings of other smaller retrospective and prospective
cohort studies that consistently found a 2-fold increased adjusted odds of preeclampsia and a
nearly 2-fold increased adjusted odds of gestational diabetes in association with SDB or
OSA, in two meta-analyses of the existing studies.® 44

Another study that included a military-treatment facility cohort indicated that the association
persisted even in a “healthier cohort.” Women with an OSA diagnosis were more likely to
have a cesarean delivery (aOR, 1.60; 95% CI, 1.06-2.40), gestational hypertension, (aOR,
2.46; 95% CI, 1.30-4.68), preeclampsia (aOR, 2.42; 95% CI, 1.43-4.09), and preterm
delivery (aOR, 1.90; 95% Cl, 1.09-3.30).4°

Severe maternal morbidity

Severe maternal morbidities are those clinical events that can proximally lead to maternal
death. Evidence from a large, national inpatient database study showed that pregnant women
with a diagnosis of OSA during their hospital admission (by diagnosis code) at delivery
were at significantly increased risk of having cardiomyopathy [aOR = 9.0 (95% Cl, 7.47-
10.87)], congestive heart failure [aOR = 8.94 (95% ClI, 7.45-10.73)], and pulmonary
embolism [aOR = 4.5 (95% Cl, 2.3-8.9)]. This study also showed a 5-fold increase of in-
hospital mortality during a pregnancy or delivery in women with OSA.” These effects were
exacerbated in the presence of obesity. The findings appear to indicate an effect of OSA that
is independent of obesity. This study has yet to be replicated with other data sets with large
enough numbers to confirm these uncommon findings but suggest serious complications for
pregnant women with OSA.

Neonatal morbidity

The adverse fetal and neonatal consequences of sleep apnea in pregnancy are delineated to a
lesser extent than that of maternal consequences. Maternal OSA is associated with 1.5 to 2-
fold increased frequency of low birth weight and small for gestational age infants.8: 46: 47
These findings persist after controlling for comorbid maternal conditions that predispose to
growth restriction such as hypertension.8: 46: 47 However, associations with large for
gestational age infants born to women with SDB have also been reported.#8 This association
may be partially explained by the high rates of maternal obesity and diabetes, two risk
factors for large for gestational age infants.

Infants born to women with OSA are more likely to be born preterm and admitted to the
NICU despite similar gestational age at delivery.10 Definitive studies examining the
relationship do not exist. However, the findings are not completely unexpected given the
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high rates of cesarean delivery among women with OSA (up to 50%).10 There are no studies
that indicate an increased risk of fetal death or miscarriage in association with sleep apnea.’

In addition to the studies on immediate infant outcomes, smaller studies indicate that there
may be longer term consequences for these infants.4% 59 Seventy-four mom-baby pairs of
which 24% had OSA were followed in one study. While there was no difference in general
motor scores, there was an increased frequency of low social development scores in neonates
of moms with OSA (64% vs. 25%, p=.036) at 12 months of age.*® Another recent study
showed that the infants of women at risk for SDB determined by sleep questionnaires
administered at hospital admission for delivery had shorter telomere lengths in the DNA
collected from their cord blood.?9 Shorter telomere length has been observed in the DNA of
adults with OSA, and is associated with age-related disease.5%: 51 It is difficult to draw
conclusions from these small, preliminary studies, but they may inform future directions for
research.

Mechanisms of Disease

To date, the mechanisms that link OSA to adverse outcomes of pregnancy have not been
well defined. Sleep apnea is a state in which there is overlap of pro-inflammatory states,
oxidative stress, and sympathetic activation.>2 This cascade of events are thought to lead to
endothelial dysfunction, although the role of oxidative stress in these pathways has been
questioned by the findings of recent studies in non-pregnant and pregnant cohorts. 12 53. 54
Endothelial dysfunction has been implicated in non-pregnant adults to link OSA and
cardiovascular disease.>® Some of these same mechanisms have been implicated in the
development of preeclampsia and adverse pregnancy outcome.®® (Figure 1)

The pathophysiologic mechanisms that connect OSA with the associated cardiovascular and
metabolic disease shares significant overlap with known pathways involved in preeclampsia.
57,58 OSA and preeclampsia both seem to be pro-inflammatory states, and studies in both
populations demonstrate sympathetic nervous system activation.>%-62 To our knowledge, no
studies have been done investigating these pathways in women with OSA and preeclampsia.
In OSA, as in preeclampsia, up-regulation of antiangiogenic proteins seems to lead to
endothelial dysfunction.®3: 64 This endothelial dysfunction is implicated in vasoconstriction,
hypertension, and proteinuria associated with preeclampsia, and the hypertension and
cardiovascular disease associated with OSA.%%: 66 Preliminary evidence that imbalances of
pro-/anti-angiogenic proteins are associated with a diagnosis of OSA were found in a small
retrospective study of pregnant women with OSA.57

The explanations for the fetal growth abnormalities may differ. Pregnant women that live at
high altitude have chronically low arterial oxygen partial pressures and studies have shown
that they have an increased risk of hypertensive disorders of pregnancy and fetal growth
restriction.87: 68 Both animal model and human studies suggest that the placenta and fetus
adapt via compensatory mechanisms to the low oxygen tension.5%: 70

However, there are currently no studies in pregnant women with OSA that have specifically
investigated the effects of repetitive, nocturnal exposure to hypoxemia in this disease state.
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69,70 1 vitro and animal studies suggest that oxygen tension plays a very specific role in the
early development of the placenta, and that alterations may predispose to the pathologic
placental development that is subsequently seen in hypertensive disorders of pregnancy and
fetal growth restriction (FGR).”1-74 Hypoxia-inducible factors-1 & 2 (HIF-1 & 2) are
transcription factors that play a vital role in the cellular response to low oxygen tension.”®
HIF-1 & 2 are overexpressed in the placentas of women living at high altitude, women with
hypertensive disorders of pregnancy, and rats with growth restricted fetuses.”6-78 HIFs have
also been studied for their role in OSA with hypertension in non-pregnant adults, as
mediators of hypoxemia, sympathetic nervous system activators, oxidative stress and
endothelial dysfunction.”® These different mechanisms can serve as targets for future
interventional studies.

Long-term Implications of Sleep Apnea

Untreated OSA has a bidirectional association with type Il diabetes, cardiovascular disease
and hypertension.8%-82 \We also know that pregnancy is a time that most patients seek
medical help, often for the first time, that gives us an opportunity to impact future health
outcomes. Developing complications such as preeclampsia and gestational diabetes
increases the future risk of cardiovascular disease and type Il diabetes among the affected
women.83-86 Dye to this relationship, it is hypothesized that SDB and OSA may further
predispose these women to future cardiovascular disease. The extent to which SDB impacts
the already observed relationship between preeclampsia and cardiovascular disease is
unknown.18. 87 (Fig 2) It is also unknown if postpartum resolution of OSA has a lasting
impact, or if treating OSA during pregnancy would modify these outcomes.

Future studies are needed to ascertain if treatment of OSA can impact the course of these co-
morbid diseases in pregnant women as their consequences are far reaching and extend
beyond completion of pregnancy. Preeclampsia has been linked to a 3-12 fold increased risk
of cardiovascular events later in life and a 2-8 fold increased risk of death from a
cardiovascular event88: 89 Up to 62% of women diagnosed with gestational diabetes go on
to develop type 11 diabetes later in lifeC. This does not even begin to take into account the
potential for gestational OSA to persist after pregnancy. Rates of long-term postpartum
persistence of OSA or development of OSA later in life are not well defined at this time, but
it is reasonable to presume that in some women gestational OSA is a precursor for life-long
risks discussed above.

Clinical Care

Antepartum care

A multidisciplinary approach should be taken when managing pregnant women with OSA
that should continue to the postpartum period.®1 Women with known OSA who become
pregnant should be evaluated by a sleep medicine specialist to optimize CPAP settings. The
goal is to achieve and maintain a normalized AHI and oxygenation throughout gestation
through the consistent use of CPAP therapy. Follow up visits or an automatically titrating
CPAP machine are useful as CPAP requirements may increase with advancing gestation and
worsening obstruction.b: 92: 93 The patient should be counseled about the known perinatal
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consequences of sleep apnea and a multidisciplinary plan must be formulated. Patients with
moderate to severe OSA may have co-morbid cardiovascular disease or pulmonary
hypertension, and echocardiography should be considered. Obstetric providers should be
mindful of the risk of hypertensive disorders and diabetes and should focus on early
detection or prevention of these conditions. Women who are suspected of having OSA but
have not been diagnosed should be referred to a sleep medicine specialist for evaluation.
Situations where a suspicion of sleep apnea may arise include but are not limited to,
maternal symptoms of excessive daytime sleepiness or generalized fatigue, witnessed
apneas, loud and frequent snoring, headaches and/or observed maternal hypoxia in the
absence of cardiorespiratory pathology.92 After referral, the sleep medicine provider can
evaluate the patient and make recommendations regarding diagnosis and management during
the pregnancy and in the postpartum period. In the absence of pregnancy-specific data to
direct treatment, we currently suggest treatment for all women with OSA. Studies have not
been conducted to evaluate the safety of CPAP in pregnancy, but it widely accepted as safe
in pregnancy. An individualized plan can be developed with the sleep medicine provider.

Intrapartum and Immediate Postpartum Management

Women with OSA are also more likely to have co-morbid conditions that also predispose
them to cesarean deliveries.1? The American Society of Anesthesiologists guidelines advise
preoperative evaluation and treatment of OSA is optimal in surgical patients.®* There are no
guidelines specifically regarding pregnant women with OSA, however they represent a high-
risk cohort and should be treated like other pre-surgical patients.®

Perioperative risks to gravid women with sleep apnea include a greater risk of difficult
intubation and ventilation. When OSA is comorbid with severe obesity, neuraxial anesthesia
which is the gold-standard anesthetic for cesarean delivery can be technically difficult. This
can increase the need for conversion to general anesthesia.9® A pre-operative anesthesia
consultation for airway assessment and evaluation for placement of neuraxial anesthesia
should occur.

These women are at risk for postoperative respiratory suppression and should have
continuous pulse oximetry monitoring after discharge from the recovery room; continuous
oximetry should be maintained as long as patients remain at increased risk.2 While some
institutions have implemented protocols which include monitoring for a 12 to 24 hour period
of time, there are no studies to guide the effectiveness of these protocols and to determine
the optimal duration of that monitoring.®? If frequent or severe airway obstruction or
hypoxemia are noted, CPAP or noninvasive positive pressure ventilation in an ICU setting
should be strongly considered.% In a case series of anesthesia-related maternal deaths in
Michigan, half of the anesthesia related deaths were determined to be due to lapses in
postoperative monitoring, either in the post-anesthesia care unit (PACU) or the hospital
room®’. Patients should be encouraged to maintain a 45-degree head elevation and avoid
supine position as this was associated with a decrease in the number of apnea and hypopnea
events in a study of post-partum women.% Multi-modal post-operative analgesia with non-
steroidal anti-inflammatory agents and acetaminophen are recommended when possible to
decrease the risk of sedation and hypoventilation associated with opioids. The use of
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neuraxial morphine in this population due to the theoretical risk of delayed respiratory
depression is controversial.®® Some centers avoid the use of neuraxial morphine for post-
cesarean delivery analgesia in women with morbid obesity and OSA. Others have argued
that the parenteral opioid sparing effect of a small dose of neuraxial morphine outweighs the
small risk of respiratory depression.1%0 Transversus abdominis plane block, local anesthetic
wound catheters and neuraxial techniques are options to consider for post-operative
analgesia when appropriate.101 Sedating medications such as anti-emetics, anti-histamines,
anxiolytics, and sleep aids should be avoided or used sparingly with extreme caution in
monitored settings, particularly when used along with opioids. Standing order for narcotics
and basal dosing should be avoided, while patient-controlled systemic opioids should be
used very cautiously.

During the postpartum period, all women with a diagnosis or suspicion of OSA during
pregnancy should be evaluated by a sleep medicine provider to allow for re-assessment of
OSA severity and overall management/treatment strategy.

Conclusion

OSA in pregnancy is a common and under-recognized disorder that carries implications for
both the mother and the fetus. These women are at a higher risk of pregnancy and
anesthesia-related complications. A lack of effective screening tools and limited
understanding of the dynamic effects of pregnancy on OSA throughout gestation continue to
make diagnosis and management challenging. Increased awareness with appropriate
diagnosis, treatment, and perioperative management could improve outcomes in these
pregnancies although data on the impact of OSA treatment on adverse pregnancy outcomes
are still needed. Additionally, identifying OSA early in a woman’s life may positively
impact her long-term health. As pregnancy is often the only time many young women seek
health care, this may be the best opportunity for early detection in some at risk women.
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KEY POINTS

. All women with known or suspected sleep apnea should undergo treatment
with a goal to normalize oxygenation during sleep.

. Sleep apnea is associated with hypertensive disorders of pregnancy,
gestational diabetes and severe maternal morbidities including
cardiomyopathy, venous thromboembolism and in hospital death.

. Management of women with sleep apnea should be multidisciplinary and
include specialists in Sleep Medicine and Anesthesiology.

. After delivery, women with sleep apnea are at risk for severe respiratory
suppression and medications which suppress respiration should be limited in
use.
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The mechanisms that connect obstructive sleep apnea (OSA) in pregnant women with
gestational diabetes and preeclampsia are not well-elucidated, but may share common
pathways with cardiovascular and metabolic diseases associated with OSA in non-pregnant
adults. OSA is associated with pro-inflammatory states, oxidative stress, and sympathetic
activation. This cascade of events is thought to lead to endothelial dysfunction. Some of
these same mechanisms have been implicated in the development of gestational diabetes and
preeclampsia, but few studies have investigated these pathophysiologic mechanisms in
women with OSA in pregnancy.
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Figure 2.
Untreated sleep disordered breathing (SDB) has a bidirectional association with type Il

diabetes and cardiovascular disease in non-pregnant adults. SDB has also been associated
with gestational diabetes and hypertensive diseases of pregnancy in recent studies.
Developing complications such as preeclampsia and gestational diabetes have been shown to
increase the future risk of cardiovascular disease and type 11 diabetes among the affected
women.
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