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Abstract

Objective: To investigate the tolerance, compliance and problems associated with usage of nasal continuous positive airway pressure
(CPAP) by pregnant women with sleep disordered breathing (SDB).

Patients and method: Twelve pregnant women diagnosed with SDB received polysomnography (PSG) at entry, CPAP titration, repeat
PSG at 6 months gestation (GA) and home monitoring of cardio-respiratory variables at 8 months GA. Compliance was verified by the
pressure at the mask. Results from the Epworth sleepiness scale, fatigue scale and visual analogue scales (VAS) for sleepiness, fatigue, and
snoring were compared over time.

Results: All of the subjects had full term pregnancies and healthy infants. Nightly compliance was at least 4 h initially and 6.5 h at 6
months GA. Nasal CPAP significantly improved all scales compared to entry. VAS scores remained lower at 6 months GA compared to

entry. Re-adjustment of CPAP pressure was needed in six subjects at 6 months GA.
Conclusion: Nasal CPAP is a safe and effective treatment of SDB during pregnancy.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

We previously reported on 267 pregnant women who
were polygraphically monitored during sleep [1]. Snoring
was observed at least intermittently in 52% of the women in
their sixth month of pregnancy. Airflow limitation and
increased respiratory effort were documented in a subgroup
of these women. Bourne et al. [2] have also noted small
drops in oxygen saturation (Sa0,) during otherwise normal
pregnancies. Although none of the women required
treatment, our studies demonstrate that pregnancy affects
breathing patterns during sleep.

We now report on a small group of women who
presented with clinical complaints prior to or during early
pregnancy and were diagnosed with either obstructive
sleep apnea syndrome (OSAS) or upper airway resistance
syndrome (UARS) [3]. We will consider both of these
conditions as ‘sleep disordered breathing’ (SDB). The
selected treatment—nasal continuous positive airway
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pressure (CPAP) during sleep—was initiated based on
symptomatology and the clinical evaluation. This report
details patient course, indicated intervention, and preg-
nancy outcome with nasal CPAP as the treatment
modality during pregnancy.

2. Methodology
2.1. Subjects

Of the 12 women (mean age 28.4 years) included in the
report, seven were diagnosed with SDB prior to pregnancy
and the others were diagnosed early in their first trimester.
Two were pregnant for the second time. The mean body
mass index (BMI) of the total group just prior to or close to
conception was 24.03 kg/m? (range 22.4-26.2) (Table 1).
None of the women was taking prescription medications at
initial visit.

On gynecologic history, menarche was reported between
age 10.5 and 12.5 years. All of the subjects had used oral
contraceptives. None had undergone an abortion or had any


http://www.elsevier.com/locate/sleep

Table 1
Medical history, subjective scores of upper airway anatomy and scale scores at entry

S.no. Age at first  No. of preg. BMI Med. hist. T/A  Ortho-dontic Wisdom teeth Tonsils Enlarged Oro-pharynx Hard Kushida ESS Fascale SN VAS Fa VAS SI VAS
preg. (years) (kg/mz) braces extraction inf turb palate index

1 27 1 23.5 Resp all. + + 0 0 + 2+ 2+ 78 11 19 70 50 40
2 26 1 22.6 Asthma + + + 0 + 34 3+ 98 12 20 60 50 30
3% 31 2 24.2 N/A 0 0 0 2+ + 2+ 2+ 83 11 21 55 60 40
4 24 1 23.1 Resp all. + + + 0 + 3+ 3+ 99 11 19 65 70 50
5 33 1 26.2 N/A + 0 0 2+ 0 2+ 2+ 87 10 18 50 50 30
6" 25 1 224 Resp all. asthma 0 + + 1+ + 34 34 101 12 20 70 65 35
7 29 1 23.8 Resp all. 0 0 0 1+ + 2+ 3+ 85 11 21 40 60 30
8 32 1 24.7 N/A + 0 0 0+ 0 2+ 34 92 11 17 55 50 30
9% 28 1 24.3 N/A 0 0 0 34+ 0 2+ 1+ 81 11 16 70 50 25
10* 27 1 23.6 Resp all. 0 + + 1+ + 2+ 34 93 12 17 70 55 35
11 29 1 24.1 N/A + 0 0 1+ 0 34+ 1+ 85 11 20 40 50 30
128 30 2 25.9 N/A + 0 0 2+ 0 2+ 1+ 89 10 22 60 60 40
Mean (28.4) (24.0) 89.25 11.1 19.2 58.75 55.8 34.6

S. no., subject number; preg., pregnancy; BMI, body mass index at initial visit; resp. all., respiratory allergy; med. hist., medical history; T/A, tonsillectomy and/or adenoidectomy; N/A, not applicable.
Tonsils: 0, atrophic/non-visible; 3 + , kissing tonsils; inf turb, inferior turbinates. Oro-pharynx: 0, very large; 3 + , very narrow with little visible passage. Hard palate: 1 4 , normal height, 3 4- , abnormally high
and narrow. ESS, Epworth sleepiness scale; Fa scale, fatigue scale; Sn VAS, snoring on visual analogue scale by bed partner in mm: 0, none; 100, very severe; Fa VAS, fatigue on visual analogue scale by subject
in mm: 0, none; 100, very severe; SI VAS, sleepiness on visual analogue scale by subject in mm, 0, none, 100, very severe.

* Diagnosed after pregnancy onset.
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known history of gynecological or obstetrical disorder,
except for one who required treatment for a chlamydia
infection in the past.

2.2. Clinical evaluation at entry

All subjects had private obstetricians providing care
throughout pregnancy. The specialized SDB evaluations
included a medical, oto-laryngological, and orthodontic
history. Each subject completed a 190-item validated
questionnaire with a 5-point Likert scale, the sleep disorders
questionnaire (SDQ) [4], and the Epworth sleepiness scale
(ESS) [5] (a scale evaluating the overall daytime sleepiness
based on eight situations, each with a score from 0 to 3, with
a maximum score of 24 and normal score up to 10). Each
subject also completed the Chervin et al. ‘fatigue scale’ [6]
and a visual analogue scale (VAS) to indicate the quality of
nocturnal sleep and daytime fatigue (0 mm, great/absent;
100 mm, very poor/very important). A snoring VAS score
was obtained from the bed partner (0, completely absent;
100 mm, continuous and very loud, leading to separate
bedrooms) (Table 1). The bed partners were also inter-
viewed for the presence/absence of any abnormal behavior
exhibited by the women during sleep (e.g. restless sleep,
abnormal movements or leg kicking).

The physical examination included a cardiovascular,
respiratory, and neurological evaluation. Subjects also
received an oto-laryngological and a clinical cranio-facial
morphometric evaluation [7]. All subjects were seen by the
same specialists. Scales were used to subjectively evaluate
the tonsils (0, non-visible; 3 + , ‘kissing tonsils’), orophar-
ynx (0, wide with small uvula, above base of tongue at rest;
3 +, very narrow oro-pharynx with uvula occluded by the
base of tongue), and hard palate (0, wide mid-portion; 3 + ,
high arched and narrow). The validated clinical index
reported by Kushida et al. [7] and based on overjet
measurement (upper and lower inter-canine distance),
height of the hard palate, lateral inter-molar distance,
BMI, and neck circumference, was obtained. The nose was
evaluated for the presence/absence of inferior turbinate
enlargement and nasal septal deviation (Table 1).

2.3. Polysomnography

Each subject underwent all night PSG. The following
variables were continuously monitored on a Sandman™
sleep system: EEG (C3/A2, C4/A1, Ol/Al, Fz/Al1-A2)
based on the 10-20 international electrode placement
system, right and left electro-oculogram, chin and leg
EMG, ECG (modified V2 lead), and respiration. Respiration
was monitored with thoracic and abdominal uncalibrated
inductive respiratory plethysmography bands, nasal cannu-
la/pressure transducer system (Protec™ , Winstonville, OR),
mouth thermistor, neck microphone, esophageal manometry
(Pes) (Medex pressure transducer system), and pulse
oximetry (Nellcor™, Alameda, CA). The esophageal

pressure was calibrated in cmH,O at the beginning and
end of recording. A minimum of 8 h of recording was
obtained.

Based on initial results, subjects were placed on nasal
CPAP. The size of the nasal mask and use of Adam Circuit™
(i.e. nasal pillows, supple hollow tubes placed just inside the
nostril) were based on the subject’s preference and comfort.
A second night of PSG was recorded (as indicated above,
with Pes but without nasal cannula/pressure transducer due
to CPAP mask) to determine the appropriate level of CPAP
pressure. If a subject had been previously diagnosed and
placed on nasal CPAP, a new recording was performed at
the onset of pregnancys; it involved systematic re-calibration
of CPAP. Subjects had clinical follow-up 3—4 weeks after
nasal CPAP calibration and between 6 and 8 weeks
thereafter.

A new polysomnographic recording with monitoring of
the same variables as during the initial CPAP calibration
was scheduled around the beginning of the sixth month of
gestation (GA). A follow-up evaluation was performed
around the eighth month using ambulatory monitoring
(Edentrace™, Eden-Prairie, MN). This equipment records
pulse-oximetry, thoraco-abdominal impedance, oro-nasal
airflow (thermistors), neck microphone, heart rate and body
position.

From the beginning, subjects were instructed to come to
the CPAP clinic or to contact the on-call sleep specialist if
they experienced problems. At each visit, a physical
examination was performed. Sleep quality, fatigue, and
snoring reported by the bed partners were evaluated using
VAS at the initial visit, 4 weeks after CPAP titration and
around the sixth and eighth months of GA. Difficulties with
nasal CPAP were systematically documented. If questions
concerning the appropriateness of the CPAP pressure were
raised, an additional CPAP titration polysomnogram was
scheduled.

2.4. Data analysis

All data were analyzed after each session for clinical
decision-making, and they were re-analyzed for this review
by one scorer blind to the order of CPAP titration. The
longitudinal data were analyzed after the completion of
scoring for group tabulation and statistical analysis.
Sleep/wakefulness was tabulated using the Rechtschaffen
and Kales international criteria [8]. Short arousals were
scored using the American Sleep Disorders Association
(ASDA) criteria [9]. Respiratory events [10] were scored
using the American Academy of Sleep Medicine
recommendations.

2.5. Definitions of abnormal breathing patterns
Apneas and hypopneas were scored and divided into

central, obstructive, and mixed types. Apnea is an absence
of air exchange at the nose and mouth. Hypopnea was
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defined, based on nasal cannula/pressure transducer record-
ing, as a 50% or more decrease in nasal flow, followed by
either an EEG arousal of at least 3 s or a drop in SaO, of at
least 2%.

Nasal flow limitation, indicated by a flattening of the
nasal cannula/pressure transducer recording with a decrease
in flow of less than 50%, was also scored. This breathing
pattern is typically associated with either an abnormal Pes
pattern called a Pes Crescendo [11] or a continuous
sustained effort [12]. A Pes crescendo is caused by flow
limitation in the upper airway, and appears as a sequence of
breaths with successively more negative peak end inspira-
tory pressure. Continuous sustained effort is a sequence of
breaths with a more negative peak end inspiratory pressure
compared to the most recent prior recording without a
crescendo pattern; persistence of the same abnormal effort
with each breath may last for several minutes. Both patterns
end with a Pes reversal [12,13], an end-inspiratory
esophageal pressure abruptly less negative and indicative
of less respiratory effort. These patterns are typically
associated with flattening of the nasal cannula/pressure
transducer recording and a limited decrease in nasal flow
which may be difficult to see. Abnormal breathing was
better detected with Pes monitoring. These last polysomno-
graphic patterns were commonly observed without con-
current changes in SaO,, in contrast to apneas and
hypopneas.

Tachypnea, the last pattern noted, was defined in
comparison to prior breathing frequencies in the same
sleep stage as a mean increase in respiratory rate of three
breaths in NREM sleep and four breaths in REM sleep in a
30-s epoch of recording [14]. It was not associated with
more negative peak end inspiratory Pes or with a SaO,
change. (Tachypnea was previously reported [14] as an
abnormal breathing pattern.)

The EEG showed variable patterns in association with
Pes reversals or termination of tachypnea: either an arousal,
defined as the presence of a or o and 3 waves for at least 3 s
in the central EEG leads but also the presence of & waves
(mostly high frequency 8 EEG: 2—4 Hz) [13], or no visually
seen change.

2.6. Respiratory event tabulation

The apnea—hypopnea index (AHI) is the number of
apneas and hypopneas per hour of sleep; the respiratory
disturbance index (RDI) represents the number of abnormal
breathing events per hour of sleep. The RDI included Pes
crescendos, continuous sustained effort and tachypnea, in
addition to apneas and hypopneas. Use of Edentrace™
monitoring at 8 months GA allowed us to score only apnea,
hypopnea and tachypnea based on oro-nasal thermocouple,
chest impedance system and pulse oximetry. Periodic limb
movements (PLM) were analyzed following the ASDA
recommendations [9]. They were divided into PLM with
and without arousal. The presence of restless leg syndrome

was based on the subject’s report of leg paresthesias
combined with the polygraphic pattern of PLM, but the
latter was not mandatory. Bruxism was determined based on
masseteric muscle activity during sleep in addition to dental
findings.

Appropriate nasal CPAP pressure was determined based
on resolution of abnormal respiratory polygraphic features
(i.e. an RDI < 3) while the subject was sleeping supine.

2.7. Statistical analysis

Univariate repeated measures analysis was used to
compare VAS scores at baseline and after onset of
pregnancy. Wilcoxon Signed Rank test was used to compare
VAS scores before and after nasal CPAP treatment.

3. Results

Data concerning the 12 women included in the report are
presented in Table 1.

3.1. Reason for referral

Patient #3 was diagnosed with OSAS and treated with
nasal CPAP during her first pregnancy, but the data were not
collected systematically at that time and were unavailable.
She stopped using nasal CPAP post-partum. She returned 14
months after her first delivery due to clinical complaints. Of
the other 11 women, six were diagnosed with SDB prior to
pregnancy.

Of the seven previously diagnosed women, three had
opted for weight loss only (#5, 8) (despite absence of
obesity) or use of a dental appliance (#11). These three
women returned to the clinic when considering pregnancy,
with concerns of additional risks with pregnancy and
worsening of OSAS symptoms with limited treatment of
OSAS. The other four women had selected nasal CPAP
treatment at the time of diagnosis, and it had been used for a
mean of 8.4 months (range 4-16 months) prior to
pregnancy.

The remaining five women were evaluated after
conception, early in the first trimester; CPAP was initiated
at a mean of 10 weeks GA (between the 8th and 13th week
of GA) due to a significant increase in snoring (n = 4),
observation of apneas by the bed partners (n = 5), and
daytime fatigue (n=4). Subject #12 was noted to
have an increase in blood pressure, with measurements of
138—142/90-91 at her obstetrical visits. All other women
had normal blood pressure readings. In summary, all women
were known chronic snorers before pregnancy, seven had
already been diagnosed prior to onset of pregnancy, and five
were diagnosed using PSG during the first 8 weeks of GA.
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3.2. Clinical history and presentation

None of the women was obese. Only two subjects had
BMI slightly above 25 kg/m? (#5, 12) (Table 1).

Patients #6, 12 had a positive history of childhood
allergic rhinitis and/or asthma. Patients #7, 12 had under-
gone tonsillectomy and adenoidectomy in the past. Patients
#5, 12 had orthodontia during their teenage years, and #4, 5
had had extractions of all four impacted wisdom teeth.
(Impacted wisdom teeth and overlapping teeth are sugges-
tive of a lack of space for normal dental growth and may be
associated with a small mandible or maxilla.) (Table 1)

Physical examination revealed abnormal oro-pharyngeal
anatomy with a small oropharynx in all subjects. All patients
were scored with either 2+ or 3 + for both narrow
oropharynx (n = 12) and high arched and narrow hard
palate (n = 9/12), as well as an abnormal mean Kushida
et al. index, based on a neck index of 89.25 [7]. ESS scores
were mildly elevated at entry with a mean score of 11/24,
but fatigue scale score (mean = 19/25) and fatigue VAS
scores (66.25/100 mm) were high. Snoring VAS scores
completed by bed partners were also high, indicative of
loud, chronic snoring.

3.3. Polysomnography

Results of nocturnal PSG at the time of diagnosis are
presented in Table 2. Wake after sleep onset (WASO) times
are presented. This measure includes arousals of 3 s and
longer. All of the apneas and hypopneas were mixed or
obstructive. The lowest SaO, was seen with apneic events.
The mean AHI was 21 events/h of sleep (range 9—-31) with a
mean lowest Sa0O, of 84.4% (range 81—-88%). The RDI was
elevated to a greater extent than the AHI, with a mean of 33
events/h of sleep. Three subjects (#4, 6, 9) had a low AHI but
exhibited SDB with repetitive continuous sustained effort
and constant heavy snoring. (Fig. 1). Two women (#4, 9)

Table 2
Polysomnographic data at diagnosis

displayed numerous PLM, mostly unassociated with
arousals.

3.4. Nasal CPAP pressure

Final CPAP pressures determined by titration are
presented in Table 3. The mean initial CPAP pressure was
8 cmH,0 (range 6—10). All women were simultaneously
prescribed cold humidification via the CPAP mask. The
CPAP equipment monitored compliance.

3.5. One-month follow-up

The follow-up recording was performed about 6-7
weeks after conception in the seven women previously
diagnosed and 1 month after the initial titration for the five
women referred after conception. Overall, the 1-month
follow-up was performed between weeks 6 and 17 of GA.
Subjects #4, 6 switched to a heated humidifier due to nasal
complaints. Compliance, verified by pressure measurement
at the mask, indicated a mean nightly use of 6 h 35 min. A
repeat PSG verified the appropriateness of the nasal CPAP
setting.

None of the bed partners reported snoring and the VAS
showed a variable degree of improvement with a decrease in
the scores compared to scores without CPAP (Table 3). The
changes were significant for VAS (P = 0.0001), and VAS
sleepiness (P = 0.0001). The ESS decreased (P = 0.0001),
and the fatigue scale decreased (P = 0.002).

3.6. Six-month follow-up

All of the women were scheduled to undergo a
systematic clinical evaluation and polysomnogram with
evaluation of the nasal CPAP settings near the beginning of
the sixth month of GA. No emergencies or equipment
complaints arose during the interim. Clinical and obstetrical
evaluations were normal with normal BP.

Subject no. RT TST WASO AHI RDI Lowest SaO, Total no. PLM PLM arousal index
1 478 381 33 19 29 84 0 0
2 482 370 24 24 33 86 0 0
3 465 391 19 27 39 82 12 0
4 472 386 27 10 26 86 98 5
5 468 378 17 29 38 81 0 0
6 485 363 22 11 23 88 0 0
7 470 395 16 28 40 86 0 0
8 485 369 37 31 38 83 26 1
9 470 365 28 9 25 83 118 6
10 476 377 22 12 30 86 0 0
11 483 384 17 26 39 85 0 0
12 477 366 31 26 37 83 0 0
(Mean) 452.5 377 24.4 21 33 84.4 - -

RT, recording time; TST, total sleep time (min); WASO, wake after sleep onset (min); AHI, apnea—hypopnea index; RDI, respiratory disturbance index;
Sa0,, oxygen saturation; PLM, periodic leg movement; PLM arousal index, no. arousals/h due to PLM.



48

C. Guilleminault et al. / Sleep Medicine 5 (2004) 43-51

EMG

ROC-A1

LOC-A2

L/RAT

WJW /W N/ M

WMMNWMW

V

WW W ‘

S

WMWWWMWW MNW*&VWWWWWMWW ZWM

erw

WA

WMMMWvaWwW
‘ h? WWW

EKG

RIC

MIC
+100.

+90.C

~ +80.0)
SpO2 +70.
+60.0)

Cannula

Airflow

Chest

o
TERYERY
1

03: 54 48

03:55:03

03:55:18

Lt
03:56:03

1
' IH
1

03: <6 18

Fig. 1. Abnormal recording at 4 weeks pregnancy during stage 2 NREM sleep. Presence of snoring (MIC), continuous sustained effort with end inspiratory Pes
at 16 cm H,O (PES), flow limitation (Cannula), and periodic limb movement (L/R AT). Oxygen saturation (SaO,) (scale: 100—60%) is normal at 98%.

Duration of segment: 120 s.

Upon evaluation, four women reported ‘morning nasal
congestion,” and five bed partners gave snoring VAS
scores between 10 and 20. Snoring suggested mask leaks,
mouth breathing or inadequate nasal CPAP pressure.
During interviews, five bed partners reported intermittent
low intensity noise despite nasal CPAP treatment. Mean

fatigue VAS score was 35.4 (still lower than at entry,
P =0.01). Mean ‘fatigue scale’ score was 12.8 compared
to 19.2 at entry (P = 0.05). Mean sleepiness VAS was
47.1 mm (P = 0.001 from entry) but increased from the
initial CPAP titration (P = 0.01). ENT examination
revealed nasal mucosal engorgement in all subjects.

Table 3
Follow-up after 1 month of CPAP

Subject no. No. months used Initial Hours used % Time of ESS Sleepiness Fatigue Snoring GA week
prior pregnancy pressure per night CPAP usage VAS VAS VAS
1 6 8 6 80 4 0 30 0 4
2 8 7 5.5 73 5 5 25 0 5
3 14 8 6 80 5 0 30 0 4
4 [8 weeks] 6 5 72.5 5 10 35 0 12
5 5 9 6.5 90 4 0 25 0 5
6 [13 weeks] 7 4 71 6 20 35 0 17
7 16 9 7 93 6 0 25 0 4
8 4 9 7.5 98 5 0 25 0 5
9 [10 weeks] 7 7.2 94 6 15 30 0 14
10 [9 weeks] 7 7 90 5 10 25 0 13
11 6 8 7.5 100 6 0 25 0 4
12 [12 weeks] 10 7 92 7 20 35 0 16

[x weeks], no. weeks after calculated beginning of pregnancy; pressure, cmH,O. Sn VAS, snoring on visual analogue scale by bed partner in mm: 0, none;
100, very severe; Fa VAS, fatigue on visual analogue scale by subject in mm: 0, none; 100, very severe; SI VAS, sleepiness on visual analogue scale by subject
in mm: 0, none; 100, very severe; GA week, gestational week at time of indicated CPAP pressure.



Table 4

Follow-up at 6 and 8 months gestation

At 8 months gestation

At 6 months gestation

Sn VAS Fa VAS S1 VAS

CPAP level Ga wk

Hum. Fa Scale Sn VAS Fa VAS SI VAS % Use No. PLM PLM index

Pill.

Mask

GA wk

S. no.

45

60
65

32
33
32
32
33
33
34
32
32
32
32
32

>90
>90
>90
>80
>90
>80
>90
>90
>90
>90
>90
>90

45

35
30
35
35
40

11

24
25
25

45

45

14
13
14
12
12
13
11

45

55

45

10
20

50
50
55
40
45

60
65

15

18
10

150

50
50
55

26
26
26
27
25
26
25
27
26

10

60
65

10

40

15

40
45

35
35
35
30
35
40

60
60
60
60
60

16
18

112
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50
45

24

50
45

10

12
14
16
12

10

11

40
55

40
55

15

12

20

12

S. no., subject number; GA wk, gestational week; pill., use of nasal pillows; hum., usage of humidifier; Fa scale, fatigue scale; Sn VAS, snoring on visual analogue scale; Fa VAS, fatigue on visual analogue

scale; S1 VAS, sleepiness on visual analogue scale; no. PLM, number of periodic leg movements.

Inferior turbinates were considered abnormally enlarged
in subjects #3, 6, 9, and 11.

All of the subjects used nasal CPAP over 7.5 h every
night during the 4 weeks prior to testing (except for subjects
#4, 6 who used nasal CPAP at least 6.5 h per night). PSG
showed moderate worsening of PLM scores and snoring in
subjects #4, 8, 9. CPAP pressure was increased in subjects
#2, 3,4, 6,9, 12 with the largest increase in pressure (2 cm
H,0O) in #12. One subject (#9) was switched to heated
humidification (Table 4).

3.7. Home monitoring at 8 months

The mean GA at this time was 33.4 weeks (range 32-35)
(Table 4). All subjects used nasal CPAP more than 7 h per
night, as determined by compliance data recorded by the
CPAP machine. Bed partners reported that all of the subjects
slept on their sides at least part of the night. No complaints
were reported other than tiredness and fatigue. VAS scores
were higher than at 25 weeks. The mean fatigue VAS score
was 60.8 mm, and the mean sleepiness VAS score was
47.1 mm. Both scores were significantly higher than after
nasal CPAP titration and 6-month re-titration (univariate
repeated measure analysis, P = 0.0001). These changes
were likely related to the pregnancy itself. Five bed partners
reported snoring, although mild (between 5 and 15 mm on
the VAS), which was confirmed orally. Home monitoring
did not reveal oxygen desaturation, apnea, hypopnea or
tachypnea. (As mentioned above, Edentrace™ records are
unable to evaluate presence of upper airway resistance, but
were otherwise non-pathological.) CPAP pressures
remained unchanged until delivery.

3.8. Delivery

Deliveries occurred between 38 and 40.5 weeks GA. All
infants were healthy. Apgar scores were all above 8. All
mothers returned home within 72 h following delivery.

4. Comments

Nasal CPAP is a well-documented treatment of SDB.
Placebo controlled studies have demonstrated the efficacy of
CPAP in improving various measures of sleepiness,
including the multiple sleep latency test (MSLT) and
cognitive functioning [15]. Treatment of OSA with
tracheostomy has had a benefit on hypertension [16,17].
Studies with nasal CPAP have demonstrated similar blood
pressure improvements [18]. When women with SDB
become pregnant, the question of nasal CPAP tolerance
during pregnancy and its effect on the mother’s sleep is
frequently raised. Furthermore, in the more recent past,
significant interest has emerged in treating gravid women
with SDB, as SDB may affect the occurrence of pre-
eclampsia [19].
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We have previously reported on the common finding
of snoring in healthy, pregnant women [1]. Snoring can
be associated with abnormal breathing and an increase in
respiratory effort during sleep. Polysomnograms with
nasal cannula/pressure transducer and esophageal mano-
metry performed between the 5th and 6th month of
pregnancy on 26 women randomly selected from a group
of 267 shows the frequent occurrence of nasal flow
limitation, Pes crescendos, continuous sustained respirat-
ory effort and respiratory event related arousals (RERASs)
[1]. Mild oxygen desaturations during sleep in otherwise
normal pregnancies have also been reported [2]. It was
hypothesized that hormonal changes during pregnancy
may be responsible for mucosal changes in the upper
respiratory tract and resultant respiratory flow limitation
[1]. Risk factors for breathing impairment during
pregnancy include a small upper airway due to a large
soft palate, enlargement of the inferior turbinates
associated with upper airway allergies, incomplete
maxillary or mandibular growth during childhood (some-
times indicated by a history of wisdom teeth extraction)
and obesity. Our subjects had all of these risk factors,
except obesity.

PLM have anecdotally been reported to be exacerbated
by pregnancy. Our data do not show any significant
relationship (P = 0.8), but our sample of pregnant women
with PLM is too small to provide valid information.

All our subjects treated their SDB with nasal CPAP. One
subject had borderline hypertension when referred; her
blood pressure, as that of the 11 other subjects, remained
normal using nasal CPAP during the pregnancy.

Compliance, as measured by an internal program within
the CPAP machine that measured pressure at the nasal
mask, was excellent. Problems reported by the women were
comparable to those seen in any nasal CPAP user and were
handled by appropriate support, use of nasal pillows and
humidification.

It is important to note that during the normal evolution of
their pregnancies, six of these women required increases in
their nasal CPAP pressure at about 24 weeks of GA. This
adjustment was important for the subjects’ comfort and
continuing complete resolution of upper airway occlusion
during sleep. This adjustment was modest (1 cmH,0) in
subjects #5, 6. The subject who required a greater increase
of 2 cmH,0 experienced the greatest weight gain. Investi-
gations show that nasal congestion increases with GA.
However, as fetal size increases, abdominal enlargement
and possible slight diaphragmatic repositioning when
sleeping recumbent may also impact breathing. These
factors may explain the need for increases in CPAP pressure
in our pregnant SDB women.

Home monitoring during the eighth month of GA
indicated normal SaO, during sleep and absence of apnea,
hypopnea and tachypnea, confirming that CPAP was at the
correct pressure setting to control at least these manifes-
tations of SDB.

The subjective VAS scores were helpful in monitoring
snoring. They are easy to obtain by asking subjects and
bed partners to put a perpendicular mark on a horizontal
100 mm line, from O (none) to 100 (very severe). A
nurse can also obtain these measurements while taking
vital signs.

‘Fatigue’ measurements (VAS and independent scale)
suggest an increase in fatigue during pregnancy; measures
of fatigue and sleepiness were much worse in the last 3—4
weeks of pregnancy. We recently published a study on a
large group of women with normal pregnancies, recruited
during the same period as our 12 subjects and undergoing
the same polygraphic investigation at the beginning and
Edentrace™ recording at the sixth month of pregnancy. The
same VAS scales for snoring and sleepiness were used.
Women with normal pregnancies had higher scores on VAS
sleepiness at 6 months than at the beginning of pregnancy. A
range of results was seen at 6 months GA. Of 267 women,
52% (n = 139) had VAS sleepiness scores between 30 and
50 mm (mean 39 mm), 37.5% (n = 100) had scores
between 50 and 65 mm (mean 56 mm), and the last 10.5%
(n = 28) had scores <30 mm [1]. Our women with nasal
CPAP would be within the range of what has been seen in
normal pregnancy at 6 months: the mean VAS sleepiness
score was 47 mm.

We recognize that our patients represent only a
segment of our social and cultural population. None of
our pregnant women had challenging living conditions or
were single mothers, and all had adequate health
insurance. Moreover, all of those who knew about their
OSA before gravidity (about 50%) were concerned about
the potential impact of this syndrome on the fetus and
sought medical attention when pregnancy was being
considered. These conditions are probably optimal for
successful treatment with nasal CPAP.

We made certain that our patients could have easy
follow-up and did not rely on durable medical equipment or
CPAP providers to resolve mask-related difficulties. The
subjects could make arrangements with our clinic to deal
with any CPAP problem. The nasal congestion seen during
pregnancy, perhaps related to the hormonal changes, is a
factor to keep in mind, and re-calibration of the CPAP
pressure may be needed around 24-26 weeks of GA.

In summary, nasal CPAP is a safe and effective treatment
of SDB during pregnancy but regular follow-up during
pregnancy is needed.
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