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Ficure 1. Flow chart of polygraphic recordings performed on subjects with “upper airway resistance
syndrome.” Nights 1 to 4 in the top row are the baseline nights. Continuous positive airway pressure
(CPAP) nights 1 and 2 on the left side of the bottom row are the two CPAP titration nights. Titration was
performed based on esophageal pressure (Pes) monitoring. CPAP follow-up (bottom row, right side) was
performed with nasal CPAP and with monitoring similar to that on baseline night 1, without measurement

of Pes. PSG = polysomnography.

the facial mask with pneumotachograph disturbs nocturnal sleep.
This recording was performed to evaluate the relationship between
the abnormal breathing pattern and the repetitive transient alpha
EEGQG arousals. It was never used for evaluation of sleepiness. Five
periods with well-consolidated sleep, ending with a transient alpha
EEG arousal, were randomly selected from each night 4 recording
for breath-by-breath analysis of Pes, airflow, and tidal volume.

In night 4 recordings, a short alpha EEG arousal was related to
the breathing behavior preceding it (1) if the immediately preceding
Pes nadirs were more negative than 1 SD below the mean Pes nadir
monitored during quiet supine wakefulness, (2) if the most negative
Pes nadirs in a long sequence of breaths were seen just prior to the
arousal, (3) if a simultaneous decrease in flow occurred with the
peak negative Pes nadir, (4) if no other polygraphic events had
occurred that could cause arousal, and (5) if just after the short
arousal a less negative Pes nadir was observed with increase in flow.

For comparison, transient alpha EEG arousals were also identified
in the recording performed 1 month after initiation of nasal CPAP
treatment. This alpha EEG arousal index was compared with that
obtained prior to any treatment.

Statistical Analysis

Descriptive statistics (paired ¢ tests, repeated measures analysis
of variance) were used to evaluate significance.

RESULTS

Initial Population

Forty-eight subjects, 20 men and 28 women, mean
age 33 +9 years, were diagnosed as having “idiopathic
hypersomnia” (ICSD code 780-54-7),% ie, did not fit
the criteria for a well-defined syndrome at the end of
the screening evaluation. The mean multiple sleep
latency test score for the group was 6.1+ 1.6 min.

Snoring
Eighteen of 48 subjects (8 women and 10 men)
snored intermittently or continuously at home, in the

laboratory, or both. Thirty subjects did not snore.
When all polygraphic data had been analyzed, only
13 of these intermittent or continuous snorers fit the
criteria for “upper airway resistance syndrome.” We
defined upper airway resistance syndrome as the
combination of a clinical complaint (daytime sleepi-
ness, presence of abnormal MSLT) with demonstration
of flow limitation (Pes monitoring) and demonstration
of increased respiratory efforts with arousal just follow-
ing peak negative inspiratory Pes.

Nocturnal Polygraphy

None of the 48 subjects had obstructive sleep apnea
syndrome as currently defined. Thirty-three subjects
(13 women, 20 men) had very few or no transient
alpha EEG arousals; their mean alpha arousal index
was 7+ 2 on the first monitoring night. No significant
change in Pes nadir was seen during sleep compared
with quiet supine wakefulness in these subjects. They
had a mean Pes nadir during sleep of —6.6+2.5 cm
H,O and a mean Pes nadir of —5.5+2.1 cm H,O
during 30 min of quiet supine wakeful breathing. Five
men in this group had light, intermittent snoring.
Their mean lowest SaO, was 94.5 + 1.6 percent. Their
mean sleep latency was 5.3+2.8 min. These 33
subjects were believed to have “idiopathic hypersom-
nia.

Positive Subgroup

Fifteen subjects (8 women and 7 men) of the 48
presented with frequent (ie, =10/h) transient alpha
EEG arousals. These 15 individuals were slim, with a
mean body mass index of 23+ 3.2 kg/m? and a mean
age of 37.5+ 7 years. The seven men had a mean body
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Table 1— Population With Upper Airway Resistance Syndrome*

Night 1

Night 1 Baseline Night 1 Baseline

Night 3

Night3  Baseline
Night 3 Baseline
(w/Pes)

(w/Pes)
Maxi-

CPAP  Follow-up
Titration CPAP Night Follow-up Follow-up

Subject No./ Baseline Alpha EEG Baseline (w/Pes) Alpha EEG mum Maximum Alpha EEG CPAP Night CPAP Night
Age, yr/ BMI, TST, Arousal MSLT, TST, Arousal Pes Nadir, Pes Nadir, Arousal TST, MSLT,
Sex Snoring kg/m* min Index min min Index cm HO cm H,O Index min min
130/F + 32 481 33 2.3 492 35 -27 -8 9 398 9
2/42/F + 28 473 31 2.8 460 30 -34 -6 10 393 10
Y40/F 0 20 492 19 5 478 23 -29 -4 8 406 12.8
4/39%F 0 24 468 36 6.1 490 34 —-43 -5 6.1 389 14.5
S/24/F + 22 501 17 6 452 23 -37 -4 6 411 14.6
6/36/F + 21 497 52 8.1 450 46 —41 -5 0.8 381 17
T/46/F Int 24 479 35 6.4 495 38 -36 —-4.5 7 398 154
8/35F + 23 486 24 7 479 26 -33 -6 10 428 15.2
Y50/M + 23 469 14 6.3 453 19 -23 -4 8 395 14.7
10/47M + 23 485 20 4 511 22 -25 -5 8 387 11.8
11/30M Int 23 499 42 4.7 442 38 -43 -5.5 9 401 13.5
12/19M + 19 471 16 5 473 18 =31 -5 6 389 14.8
1¥/44/M + 23 465 40 5.1 434 4 -28 -6 9 386 12.5
14/41M Int 22 456 42 6.0 472 31 —-24 -6 9 419 13.8
1539%M + 26 484 49 5.1 509 37 —42 -5 6 413 12.6
Mean 37.5 23.6 480.4 31.3 5.3 472.7 30.9 -33.1 -5.3 79 399.6 13.5
SD7.0 3.2 12.93 12.4 1.5 24.7 9.2 7.1 1.1 2.3 15 2.1

*BMI=body mass index; RDI=respiratory disturbance index; TST=total sleep time; Pes=esophageal pressure; Nights 1, 2, 3=first,
second, third nocturnal polysomnographic nights; MSLT = multiple sleep latency test (on day following a recording); CPAP = nasal continuous
positive airway pressure; Follow-up CPAP=monitoring with CPAP after nightly use of CPAP for 1 month; + =continuous snoring;

Int = intermittent snoring; 0 = no snoring.

mass index of 22.7+2.1 kg/m? and a mean age of
38.6+ 10.8 years. The eight women had a mean body
mass index of 24.3+4.0 kg/m® and a mean age of
36.5+7.0 years. (Individual data are presented in
Table 1.)

Snoring in This Subgroup
Two women never snored, two men and one woman

had intermittent, light snoring, and ten subjects (five
and five women) were regular snorers.

Night 1 Polygraphic Monitoring in the 15-Subject
(Without Pes and Pneumotachograph Monitoring)

Mean total sleep time was 480.4 + 13 min, and the
mean sleep latency in the MSLT was 5.3+ 1 min. The
mean lowest SaO, was 94+1.4 percent. The mean
respiratory disturbance index was 2.1+1.7. The mean
alpha EEG arousal index (calculated from transient
alpha EEG arousals that could not be related to other
well-defined sleep disturbances) was 31.3+12.4
arousals per hour of sleep (Table 1). Investigation of
nocturnal sleep state and stage distribution indicated
an abnormally low amount of stages 3 to 4 NREM
sleep (mean percentage: 1.2+ 2 percent). Percentage
of REM sleep was 17.7 +1.6 percent.

Polygraphic Monitoring With Pes Measurement
(Night 3) in the 15-Subject Subgroup

Mean total sleep time was 473 +25 min. The mean
peak Pes nadir related to transient alpha EEG arousals
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was —33%7 cm H,O. The mean alpha EEG arousal
index was 31+9. No increase in CO, within the
reliability range of the tcPco, electrode was noted in
the seven patients monitored with this equipment.

In ten subjects (regular snorers), the behavior of the
Pes curve changed from snoring to nonsnoring. When
snoring occurred, the nadir of the Pes curve (at the
end of inspiration of each respiratory cycle) became
more negative. Changes varied with the individual;
the mean peak Pes nadir increase from the period just
prior to snoring to the snoring period was 108 +47
percent.

In the two nonsnoring subjects and the three
intermittent snorers, the mean supine quiet wakeful-
ness Pes nadir was —5.1+1 cm H,O. Peak Pes nadir
during sleep just prior to EEG oscillated between
—20 and —29 cm H,0 cm H,0 in these five subjects,
regardless of whether snoring was present.

Polygraphic Monitoring With Pneumotachograph
(Night 4) in the 15-Subject Subgroup

In the randomly selected segments on which we
performed tidal volume calculations, the mean tidal
volume 100 breaths before an alpha EEG arousal was
499+ 96 ml. The breath just prior to the alpha EEG
arousal presented a mean tidal volume decrease of
22+6 percent compared with breathing measured
during quiet sleep without increase in Pes nadir.

These changes were not progressive throughout the
studied periods; they mainly involved the one to three
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FIGURE 2. Monitoring of an alpha EEG arousal with quantitative evaluation of airflow. Flow is measured
with a tightly fitting mask and a heated pneumotachograph (channel 7 from top). Esophageal pressure
(channel 8) is at its nadir in the two breaths just preceding the arousal (indicated by arrows). The arousal
begins with the second Pes nadir. Immediately following the onset of the transient arousal, inspiratory Pes
nadir is less negative (breath just following black arrow). The “sum” signal of inductive respiratory
plethysmography presents some change in shape. However, this change would be difficult to interpret if

flow and Pes were not simultaneously measured. No desaturation is noted in the pulse oximetry recording.
The flow (channel 7) decreased the most in the breath just preceding the arousal (black arrow) but is
already decreasing in the breath marked by the white arrow.

breaths preceding an arousal. Figure 2 presents a
polygraphic recording obtained just prior to the tran-
sient alpha EEG arousal: the inspiratory Pes nadir is
at its maximum during the two breaths just prior to
the arousal, and peak flow decreases with an associated
drop in tidal volume for these two breaths. This drop
did not affect the oxygen saturation curve (pulse
oximetry) in any of our patients.

Therapeutic Trial

Nasal CPAP was set at a mean of 7+1 cm H,0 in
this group of 15 subjects. The transient alpha EEG
arousal index decreased to 8+2 per hour of sleep
during CPAP therapy. Nocturnal sleep monitoring
indicated a nonsignificant change in the percentage of

REM sleep (18.2+1.6 percent), but a significant
increase in the percentage of stages 3 and 4 NREM
sleep (9.7+1.9 percent, p<0.0001). Scores in the
follow-up MSLT after 1 month of nasal CPAP treat-
ment had a mean of 13.5+2.1 min. This was signifi-
cantly different from the initial test scores (analysis of
variance, p<0.0001). The MSLTs were performed
following a nocturnal recording with a mean total sleep
time of 399.6 + 15 min. This polygraphic improvement
was associated with the subjective report of disap-
pearance of daytime sleepiness.

Cephalometric X-ray Results

All 15 subjects presented a narrow posterior airway
space (space behind the base of the tongue). The mean
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posterior airway space was 5.3+1.8 mm, compared
with a normal mean of 11 mm.® One of the two
women without snoring presented cervical malfor-
mations, including fusion of C3-C4 and C5-C6.

DiscussION

Our study demonstrates that in some cases, isolated
daytime sleepiness may be related to an abnormal
breathing pattern during sleep, which we have named
the “upper airway resistance syndrome.”

This syndrome consists of transient, repetitive alpha
EEG arousals that may be as short as 3 s.® These
transient arousals lead to sleep fragmentation. While
preliminary data®’ have indicated that some snorers
exhibit marked sleepiness, our results indicate that
snoring does not define patients with the upper airway
resistance syndrome. The lowest number of arousals
needed to induce a complaint has not yet been
determined. Based on a previous study in normal
subjects,’® we chose ten such arousals per hour of
sleep as a cutoff point. We chose this rather conser-
vative number as we did not want to submit our
patients to 3 weeks of nasal CPAP without a solid
rationale. Interestingly, 10 arousals per hour was also
the upper limit observed after 4 weeks of nasal CPAP
treatment in the patients who received this treatment.
This groups baseline scores were much higher (lowest
score: 17 per hour of sleep). There was a fair amount
of within-subject variation in number of arousals per
hour from night to night (maximum variation: five
transient alpha arousals per hour of sleep).

These transient arousals have an impact on noctur-
nal sleep structure. When REM sleep is well defended
and maintained at an adequate level, the arousals have
a very significant impact on slow-wave sleep (stages 3
to 4 NREM sleep). Although our subjects had a mean
age of 37.5 years, their mean percentage of stages 3 to
4 NREM sleep was only 1.2 percent, an abnormal
finding probably related to the transient arousals.

These arousals are linked to increased respiratory
effort. The 15-subject affected group expended in-
creased inspiratory effort during sleep, indicated by
increase in negative esophageal pressure. In most
breaths, tidal volume was maintained. However, pneu-
motachometer/face mask measurements indicated
that in the breaths just preceding an arousal, a brief
period of reduced airway patency occurred, causing a
reduction in tidal volume. An alpha EEG arousal
always occurred within three breaths of such a de-
crease in tidal volume. The arousal interrupted ob-
structed breathing long before it had the opportunity
to affect oxygen saturation. Each short arousal was
immediately followed by a decrease in inspiratory
efforts (Fig 2).

To confirm that the abnormal upper airway resis-
tance was responsible for the transient arousals, and

to try to reverse the problem, we used a well-known
device: nasal CPAP. Nasal CPAP is known to create an
“airsplint” in patients diagnosed as having obstructive
apneas and to eliminate upper airway obstruction
during sleep. The use of this equipment brought about
a significant decrease in transient alpha EEG arousals,
elimination of the clinical complaint, improvement in
the nocturnal sleep structure with significant increase
in stages 3 to 4 NREM sleep, and improvement in
MSLT scores (p<0.001). The changes in MSLT scores
following nasal CPAP were similar to those already
reported in nonapneic snorers.®

In a recent investigation, we used auditory simula-
tion to reproduce in normal young subjects repetitive,
short transient arousals (mean duration: 11 s). Sleep
time was extended in the morning to maintain baseline
total sleep time. In one night of repetitive transient
arousals, stages 3 to 4 NREM sleep during nocturnal
sleep were significantly reduced. The MSLT scores
the following day were reduced from a mean of 14
min to a mean of 8.5 min. This experimental sleep
fragmentation in normal subjects confirmed that tran-
sient arousals without sleep deprivation can lead to
daytime sleepiness.'®

We do not advocate nasal CPAP as a long-term
treatment of this syndrome. That our population was
shown to have mildly abnormal upper airway anatomy
in cephalometric radiographs suggests that other
means of treatment, such as surgery, may be consid-
ered. Two subjects requested surgery after improve-
ment had been demonstrated with nasal CPAP, but
long-term follow-up (12 months postsurgery) has not
yet been obtained in either subject. Thus, subjects
may receive different treatments for this syndrome.
Finally, we would like to emphasize that in our affected
population, there were nearly as many women as men,
a finding different from that of the obstructive sleep
apnea and hypopnea syndromes. 3.4

Considering the frequency and impact of unex-
plained sleepiness, it is important to recognize cases
of abnormal upper airway resistance during sleep and
to make use of the treatments available. As isolated
sleepiness is most often treated by stimulants, it is
imperative that this syndrome be singled out. Moni-
toring of increased respiratory efforts indicated by
analysis of the integration of thoracic EMG signals or
by monitoring of Pes nadir may help in recognizing
this condition. In snorers, identification of increased
intensity of snoring before alpha EEG arousals may
suggest the syndrome. However, this more “patient
friendly” technique is not sufficient, as it produces a
significant number of false negatives.2!
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