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Abstract

Obstructive sleep apnea syndrome has been recognized as
a major public health problem. Both its cardiovascular and
metabolic comorbidities and symptoms motivate for an ac-
curate diagnosis and appropriate treatment. The main stim-
ulus associated with obstructive sleep apnea (OSA) and ex-
plaining deleterious consequences is intermittent hypoxia.
The upper airway resistance syndrome (UARS) has been de-
scribed based on the hypothesis that snoring and repetitive
occurrence of respiratory effort-related arousals (RERAs) but
not oxygen desaturation might produce a significant dis-
ease with symptoms, altered quality of life and cardiovascu-
lar morbidity. Diurnal sleepiness remains the main diagnos-
tic criteria, which is often confounded with tiredness in
women. UARS patients may also report insomnia and symp-
toms that closely resemble those of the functional somatic
syndromes. Currently, the International Classification of
Sleep Disorders does not individualize UARS as a specific en-
tity and reports UARS patients as a subgroup of OSA. How-
ever, RERAs are described as unambiguous abnormal respi-

ratory events occurring during sleep and requiring a specific
scoring. In this review, the authors attempt to describe the
specific characteristics of UARS that are relevant for both cli-

nicians and researchers. Copyright © 2012 S. Karger AG, Basel

Introduction

Since the obstructive sleep apnea syndrome (OSAS)
has been recognized as a major public health problem [1,
2], many efforts have been made to define and under-
stand this syndrome [3]. Breathing abnormalities during
sleep are not limited to patients exhibiting typical ob-
structive apnea but include a continuum of events from
simple snoring to OSAS that constitute a group of dis-
eases named sleep breathing disorders. The upper airway
resistance syndrome (UARS) was initially reported by
Guilleminault etal. [4] in 1993. This particular syndrome
has been described based on the hypothesis that repeti-
tive increases in respiratory efforts that are inducing

J.L. Pépin and M. Guillot contributed equally to this work.
This paper has been presented at the Swiss Respiratory Society
meeting, Interlaken, May 4-6, 2011.

KARGER ©2012 S. Karger AG, Basel
0025-7931/12/0836-0559$38.00/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch

www.karger.com

Accessible online at:
www.karger.com/res

Prof. Jean-Louis Pépin

EFCR, Unité Sommeil et Respiration

CHU de Grenoble, BP 217 X

FR-38043 Grenoble (France)

Tel. +33 4 7676 5516, E-Mail jpepin @ chu-grenoble.fr



arousals might produce a significant disease leading to
daytime sleepiness and functional symptoms and is as-
sociated with cardiovascular and cognitive morbidities.
The definitions of sleep breathing disorders published by
the American Academy of Sleep Medicine (AASM) Task
Force [3] in 1999 did not include UARS as a syndrome but
precisely described respiratory effort-related arousals
(RERA5). There is still a debate about the true existence
of UARS as a specific disease and regarding cardiovascu-
lar consequences that might be attributed to RERAs [5].
The International Classification of Sleep Disorders (ICSD
IT), published in 2005, is overall in accordance with the
AASM Task Force [6] report published in 1999. Events
associating an absence of oxygen desaturation despite a
clear drop in inspiratory flow, increased respiratory ef-
fortand a brief change in sleep state or arousal are defined
as RERAs. The UARS is a proposed diagnostic classifica-
tion for patients who exhibit RERAs but do not also have
events that would meet definitions for apneas and hypop-
neas. RERAs are presumed to have a similar pathophysi-
ology to obstructive apneas and hypopneas (upper airway
obstruction) and are believed to be as much of a risk fac-
tor for symptoms of unrefreshing sleep, daytime somno-
lence, and fatigue as frank apnea or hypopnea. Therefore,
ICSD II recommends that UARS should be included as
part of OSA and not considered as a separate entity [6].

Definition

UARS is defined by the occurrence of excessive day-
time sleepiness unexplained by another cause and associ-
ated with more than 50% of respiratory events that are
nonapneic and nonhypopneic (i.e. RERAs). RERAs are
characterized by a progressive increase in respiratory ef-
fort. This may be assessed by direct measurement of
esophageal pressure or by another marker of respiratory
effort such as the changes in pulse transit time (fig. 2).
RERAs may induce both cortical and autonomic arousals
[7] and potentially lead to cardiovascular activation. Re-
spiratory flow, when using nasal cannula or a pneumo-
tachograph, exhibits only qualitative change named in-
spiratory flow limitation. This is of interest since inspira-
tory flow limitation results from the progressive increase
in upper airway (UA) resistance [8]. Flow limitation is a
physiologic phenomenon that can be identified from the
nasal pressure signal thus allowing noninvasive detection
of RERAs [9]. The time sequence of these obstructive re-
spiratory events is close to what occurs with apneas and
hypopneas, but the duration may be longer. This should
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be distinguished from episodes of sustained stable flow
limitation occurring during slow wave sleep. This late
flow-limited aspect does not lead to repeated arousals
and thus differs from RERAs.
To qualify as an individual disease, UARS should meet
the following criteria:
o first, to exhibit specific clinical and polysomnograph-
ic diagnostic criteria;
« second, these specific criteria should not be found in
the general population;
o third, a direct relationship should be found between
this syndrome and a specific morbidity.

UARS Prevalence and Specific Clinical
Characteristics

Snoring is reported to be present in 41% of the general
population aged between 26 and 50 years. In this cluster
of the population, 15% exhibit an apnea-hypopnea index
of more than 15 events per hours of sleep [2]. Snoring is
reported in 71% of men and 11% of women exhibiting
UARS [10]. In a retrospective review of all polysomnog-
raphies performed in an academic military sleep disorder
center during the year 2000, the prevalence of UARS was
8.4% [11]. The true prevalence of UARS in the general
population is unknown and pure UARS is rather rare in
clinical practice. UARS patients were significantly young-
er, less overweight and had lower weight gain during the
past 5 years compared to OSA patients [12]. The female-
to-male ratio seems to be highest in the UARS group.

Diurnal sleepiness remains the main diagnostic crite-
ria, which is often confounded with tiredness in women.
Twenty percent of UARS patients may report insomnia.
All other OSAS clinical criteria may apply to UARS such
as nocturia, nocturnal awakening, sleep inefficiency, and
cognitive impairment. Headaches, vasomotor rhinitis,
and irritable bowel syndrome have also been described as
more frequently associated with UARS [12, 13]. The
symptoms of UARS, then, closely resemble those of the
functional somatic syndromes. Several authors argue
about the fact that these symptoms are not specific
enough compared to OSAS and are quite similar to those
reported during chronic asthenia [14]. Psychological
complaints are also reported, such as difficulty in con-
centrating and depressive mood [12]. Patients with UARS
are most impaired in terms of their daily functioning and
perception of sleep quality. Accordingly, these patients
seem to consume more hypnotics, antidepressants or
stimulants if they are not treated. Owing to the lack of
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Fig. 1. Typical craniofacial features in
UARS patients. Representative patients
suffering from UARS with classical cra-
niofacial abnormalities, i.e. long face syn-
drome with a short and narrow chin and
with the mandible in the back position (a,
b). ¢ During clinical examination, dental
overjet and ogival hard palate are typical
features of UARS [modified from 51].

specificity of the reported symptoms, the question is to
know whether these complaints are corroborated by ob-
jective measures. When measuring the tendency to fall
asleep by multiple sleep latency tests in 137 UARS, Gold
et al. [15] reported that UARS patients frequently com-
plained about sleepiness but were objectively less sleepy
compared to mild-to-moderate and severe OSAS pa-
tients. Powers and Frey [16] measured maintenance wake-
fulness tests in 19 UARS patients and found that 33% of
them exhibited a mean sleep latency below 19.4 min (i.e.
<2 SD below normal values). Psychomotor performances
assessed by measurements of reaction time have been
compared in 47 UARS matched by gender and age with
47 OSAS patients [17]. Patients with UARS presented
worse psychomotor performance on most test metrics
than patients with OSAS. These results may suggest that
patients with UARS may also present an increased risk of
motor vehicle crashes as previously demonstrated in
OSAS patients [17].

Regarding clinical examination, some craniofacial
characteristics were reported as being specific to UARS
[10]. These patients exhibit the classical long face syn-
drome with a short and narrow chin and reduced mouth
opening (fig. 1). There is classically a ‘click’ and a sublux-
ation when opening the temporo-mandibular articula-
tion, which may be evidenced by palpation. The mandible
is in the back position and the palate is high and narrow.
Finally, Guilleminault et al. [18] have described a low-
resting arterial blood pressure or orthostatic intolerance
as occurring in one fifth of subjects with UARS.

UARS may also need to be considered in severely obese
young patients [19]. These authors reported a high preva-
lence of UARS (about 15 to 20% based on polysomno-
graphic criteria). We found similar results in a population
of severely obese patients who were referred for consulta-
tion without sleep complaints [Tamisier, unpubl. data].
The physiopathology of UARS in these patients may de-
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serve some discussion as the repetitive RER As they expe-
rienced might not only be a consequence of UA collapse
but may reflect the increase in respiratory work due to
reduced thoracoabdominal compliance. However, poly-
somnographic criteria are close to those used in young
lean UARS patients.

Regarding the evolution of the disease, the severity of
UARS remains stable over time [20]. The progression
from UARS to OSAS seems to be related to an increase in
the body mass index [21].

Particularities of Polysomnographic Patterns and
Diagnosis

RERAs and arousal detection are the key elements
during sleep monitoring (fig. 2). RERAs correspond to a
sequence of breaths characterized by increasing respira-
tory effort leading to an arousal from sleep, but which
does not meet criteria for an apnea or hypopnea in terms
of flow reduction. These events must fulfill both of the
following criteria: (1) a pattern of progressively more neg-
ative esophageal pressure, terminated by a sudden change
in pressure to a less negative level and an arousal, and (2)
the event lasts 10 s or longer. The number of events may
be underestimated when tools used during this moni-
toring are not appropriate. By definition, detection of
RERAs is based on accurate flow measurement using the
nasal cannula or a pneumotachograph [9] and respira-
tory effort measurement using either oesophageal pres-
sure or pulse transit time [3, 22, 23]. By using a nasal ther-
mocouple to detect flow a shift between hypopnea to
RERA will occur and an authentic OSAS will be misdi-
agnosed to a UARS. This has been described by Montser-
rat and Badia [24] as the ‘thermistance syndrome’. We
investigated subjects presenting with sleep-disordered
breathing and very little oxygen desaturations, thus being

Respiration 2012;83:559-566 561

Color version available online



Sa0,

Thorax

Fig. 2. Representative pattern of RERAs
duringa sleep study. The figure depicts the
recurrence of RERAs with a progressive
flow limitation aspect on nasal cannula
which corresponds to an increase in respi-
ratory effort (both esophageal pressure
and pulse transit time). The consequences
of these events are both sleep fragmenta-
tion (frank autonomic arousal on the first
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either mild OSAS or UARS, using the reference tools
(pneumothachograph and esophageal pressure). They
exhibited mainly hypopneas but we found only about 5%
of true RERAs [7]. RERAs must be considered as specific
respiratory events expressed by patients depending on
their UA collapsibility. To this extent, it is logical to in-
clude RERAs in the respiratory disturbance index.

The detection of RERAs requires a reliable measure
for respiratory efforts. In adults, pharyngeal and/or
esophageal pressure [25] and variation of pulse transit
time are usually reliable enough to be used in this way
[22, 23, 26]. An optimal evaluation of inspiratory flow
limitation may be used to detect RERAs [9]. However,
two limitations need to be mentioned. First, inspiratory
flow limitation is an indirect consequence of respiratory
effort and may be less accurate in REM sleep. Second, re-
liability of analysis requires a good flow signal quality
which may depend upon both hardware and software.
Inspiratory flattening of time derivatives of respiratory-
inductive plethysmography volume signals and marked
ribcage/abdominal asynchrony may also allow differen-
tiating UA resistance episodes from simple snoring [27,
28]. A computer-assisted analysis of respiratory-induc-
tive plethysmography has been proposed to improve the
detection of such events [29].
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Sleep fragmentation may be quantified by direct
arousal detection using electroencephalographic mea-
sures following the specific American Sleep Disorders
Association (ASDA) criteria [30] or using autonomic
tools like pulse transit time [31].

UARS Pathophysiology

The pharyngeal collapse depends on the balance be-
tween collapsible factors like UA narrowing [32], pharyn-
geal collapsibility and protective factors like UA-dilating
muscle activity and the protective pharyngeal reflexes
[33]. Patients with UARS are less obese than OSA patients
and exhibit typical craniofacial abnormalities (see above)
leading to a size reduction of the pharynx. Obstructive
respiratory-event severity is not related to differences in
respiratory effort magnitude as assessed by esophageal
pressure crescendo, but rather to a different UA collaps-
ibility [7]. Depending upon UA collapsibility and UA pro-
tective mechanisms, a given patient exhibits a variable
combination of abnormalities among the full spectrum
of obstructive respiratory events. Collapsibility can be
anticipated by measuring critical pressure during sleep.
Critical pressures in UARS are in intermediate values be-
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Fig. 3. Specific pathophysiology of UARS [modified from 8].
a When measuring UA resistance, UARS is able to maintain high-
er levels of UA resistances in any sleep stage compared to OSAS.
OSH = Obstructive sleep hypopnea; SS = simple snorers. b Rela-
tive proportion of apnea-hypopnoea (AHI) and high-resistance
episodes (RERA index: HRI) indices in 3 groups of patients with
UARS, and moderate and severe OSAS. In these subgroups of pa-

tween OSAS and normals: -4.0 * 2.1, -1.6 * 2.6 and
-15.4 * 6.1 cm H,O, respectively [34, 35]. Using negative
expiratory pressure, we also confirmed a reduced UA col-
lapsibility in UARS when compared to OSAS [36]. As a
consequence, when measuring UA resistances, UARS pa-
tients are able to maintain higher levels of UA resistance
in any sleep stage compared to OSAS patients [8] (fig. 3).
This intermediate UA collapsibility is associated with
flow limitation or UA resistance events instead of apneas
for the same level of respiratory effort in OSAS exhibiting
severe UA collapsibility (fig. 3) [7, 37]. The ability of UARS
patients to maintain UA opening at high levels of UA re-
sistance is partly explained by more preserved protective
reflexes of the pharynx. Two studies have demonstrated
that UARS subjects exhibit UA sensitivity close to nor-
mals [38, 39]. As UA sensitivity is not impaired in UARS,
these patients are able to activate the protective reflexes
with the consequence of very high levels of dilating mus-
cle activity explaining the facility to counteract high lev-
els of UA resistances.

UARS-Associated Cardiovascular Comorbidities

Obesity and intermittent hypoxia play a major role in
explaining cardiovascular and metabolic consequences
associated with sleep apnea [40]. UARS patients are less
obese than OSAS patients and by definition do not reveal
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tients, the absolute number of respiratory events did not differ
significantly. However, the amount of high collapsibility events
(i.e. apneaand hypopnea) and low collapsibility events (i.e. RERA)
depend upon the sleep disorder exhibited by the patient. Patients
with UARS exhibit predominantly RERA and hypopnea, while
severe OSAS patients exhibit mostly apneas in relation to their UA
collapsibility status. W = Wake.

severe oxygen desaturation during sleep. The remaining
mechanisms that might link UARS to cardiovascular and
metabolic consequences are snoring, increased respira-
tory efforts throughout the night and sleep fragmenta-
tion.

Recent studies have underlined the potential role of
snoring per se in the development of carotid atheroscle-
rosis. Lee et al. [41] reported data in an observational co-
hort of 101 snorers and non-snorers with mild nonhyp-
oxic obstructive sleep apnea hypopnea syndrome. Heavy
snoring (>50% night snoring), diagnosed on PSG, was
an independent factor for carotid atherosclerosis. This
factor was a stronger predictor for carotid atherosclerosis
than age, sex, smoking history, or hypertension. Con-
vincingly, the prevalence of carotid atherosclerosis in-
creased progressively according to the severity of snor-
ing. The mechanism for the association is supposed to be
purely mechanical, i.e. snoring vibrations may be trans-
mitted through the surrounding tissues to the carotid
artery wall, inducing endothelial damage and finally
leading to carotid atherosclerosis. Carotid bifurcation is
effectively the major site of carotid artery atherosclerotic
plaques and is in close proximity to the hypopharyngeal
wall. In the same population, femoral atherosclerosis was
not observed whatever the snoring severity, which sug-
gests that snoring is acting only mechanically at the ca-
rotid level. Even more recently, the role of pericarotid
tissue vibration as able to induce carotid artery endothe-
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lial dysfunction and structural changes has been con-
tirmed by the same group of authors in an animal mod-
el [42].

In UARS, the second key mechanism underlying car-
diovascular consequences is the occurrence of repetitive
micro-arousalsendingthe RERA episodes. Guilleminault
et al. [43] firstly described repetitive increases in blood
pressure as a result of airway resistance episodes during
sleep. As depicted in figure 2, every micro-arousal is ac-
companied by an abrupt surge in blood pressure. UA re-
sistance episodes without desaturation are easy to repro-
duce using suboptimal continuous positive airway pres-
sure (CPAP) in CPAP-treated OSAS patients. Using this
experimental setting, it has been demonstrated that long-
lasting flow limitation episodes induce not only acute
changes in blood pressure but also a small increase in
PetCO, [44] (fig. 4). It is well established that any increase
in CO, also stimulates the activity of the sympathetic
nervous system. Sleep fragmentation by arousing normal
healthy humans from sleep over 2 nights (30-40 times/h)
was also able to cause a 20% decrease in the insulin sen-
sitivity [45]. Consequently, UARS-induced sleep frag-
mentation and prolonged episodes of inspiratory flow
limitation might lead to a chronic increase in sympathet-
ic outflow that could explain the secondary occurrence
of hypertension, and cardiovascular and metabolic con-
sequences. However, few data actually exist to relate
UARS to cardiovascular consequences [43, 46, 47]. Lofaso
et al. [48] reported that nonapneic-nonhypopneic ob-
structive events are followed by arterial systemic pressure
increases whose magnitude varies with the grade of the
arousal. Accordingly, Lofaso et al. [49] studied 105 mid-
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dle-aged nonapneic snorers and found that systemic hy-
pertension was significantly higher in the sleep-frag-
mented group (i.e. UARS). Orthostatic hypotension has
also been associated with UARS [18] but large epidemio-
logical studies focusing on the cardiovascular conse-
quences of UARS are lacking. Overall, even though there
are some mechanistic hypotheses, the degree of evidence
to support a significant cardiovascular morbidity in
UARS is very limited.

UARS Treatment Strategy

Therapeutic data are few and no UARS cohorts with
long-term treatment and follow-up are available. CPAP
has been used to evaluate the potential improvements
that can be obtained regarding functional outcomes [4].
Compliance to treatment is limited in the subgroup of
UARS. However, since several studies have demonstrated
CPAP efficacy in mild OSAS, CPAP should also be con-
sidered as an appropriate treatment for UARS.

As many patients exhibit maxillofacial abnormality,
surgery appears a logical indication. To our knowledge,
no surgical study has specifically targeted UARS patients.
Furthermore, no evaluation exists for laser-assisted or ra-
diofrequency surgery in this specific indication.

As these patients are lean and frequently present with
retrognathia, the use of mandibular advancement devic-
es is a commonsense decision, with the advantage of be-
ing reversible where surgery is not [50]. However, a large
study in the specific indication of UARS with appropriate
outcome evaluation is required.
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Conclusion

UARS is a relatively rare condition. Patients are pre-
senting with excessive daytime sleepiness and functional
somatic syndromes. The pathophysiology is specific with
a relatively low collapsibility of the UA and preserved
pharyngeal reflexes. Diagnosis during sleep studies re-
quires the use of appropriate tools for measuring respira-
tory effort (i.e. esophageal pressure or pulse transit time).
There is a need for more clinical and translational re-
search to determine whether sleep fragmentation alone
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