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ABSTRACT: Upper airway (UA) inflammation (oedema and hyperaemia) is freque-
ntly observed in snorers and patients with sleep apnoea/hypopnoea patients.

The temperature of different UA regions measured in 11 male nonsnorers, 13 non-
apnoeic snorers and 10 untreated sleep apnoea/hypopnoea syndrome (SAHS) patients
using infra-red video recording. Measurements were taken with the mouth open dur-
ing tidal volume mouth breathing, and at the beginning and end of a 10 s end-in-
spiratory voluntary apnoea which followed either mouth or nasal breathing. Three
measurements were obtained from the uvula and from each side of the posterior pha-
ryngeal wall and two from each side of the soft palate. The different UA regions were
characterized by their inspiratory temperature, the expiratory rewarming and the
changes in UA temperature during apnoea.

The temperature of the uvula was significantly lower than that of the other UA
regions. For each anatomical region, there were no differences in inspiratory temper-
ature between normals, snorers and SAHS. In normals, the expiratory rewarming
was significantly higher in the uvula than in the velum and the posterior pharyngeal
wall, whereas these regional differences were not observed in snorers and SAHS. The
velum and posterior pharyngeal rewarming was significantly less in normals than in
snorers and SAHS. During apnoea, the UA rewarming was similar to that observed
during expiration.

In conclusion, tissue temperature varies between the different upper airway reg-
ions and during tidal breathing and the intensity of the regional expiratory rewarming
differs between normals, snorers and patients with sleep apnoea/hypopnoea syndrome.
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The sleep apnoea/hypopnoea syndrome (SAHS) is cha-
racterized by the occurrence of sleep-induced repetitive
episodes of complete or incomplete upper airway (UA)
closure. The UA collapses occur mainly at the nasopha-
ryngeal level, but can involve the oropharyngeal and hy-
popharyngeal structures [1]. During nonapnoeic episodes,
as during snoring, the UA behaves as a Starling resistor [2,
3], resulting in a fluttering of the uvula, soft palate, pharyn-
geal walls and tongue with increasing pharyngeal transmu-
ral pressure gradient. The UA closes when the pharyngeal
pressure decreases below a critical pressure level. During
apnoeic events, the activity of UA dilator muscles progres-
sively increases, the maximal activity being reached with
electroencephalographic (EEG) arousal [4]. This results in
UA reopening when the dilating forces counterbalance the
suction forces.

The pressure required to restore UA patency (opening
pressure) is significantly higher than the closing pressure,
presumably owing to the adherent properties of the muco-
sal surface [5]. This suggests that in both nonapnoeic sno-
rers and SAHS, recurrent injuries to the UA tissues may
occur owing to the vibration of UA structures associated
with UA fluttering. In SAHS, this tissue injury could also
be accounted for by the mechanical effects of UA tissue

stretching, resulting from the dilating and collapsing
forces applied on the UA. This could contribute to the dev-
elopment of the trauma of pharyngeal tissues, as sugges-
ted by the histopathological differences observed in the
uvula and soft palate between apnoeic and nonapnoeic
snorers [6], and potentially to UA inflammation with local
oedema and hyperaemia. However, to the authors' know-
ledge, regional differences in UA inflammation between
normals and patients with breathing abnormalities during
sleep have not been specifically investigated.

Infra-red thermography has been widely used in medi-
cine to document the presence of and to quantify inflam-
mation in cutaneous [7] and subcutaneous tissues such as
breasts [8], and joints [9], but also in mucosal oral sur-
faces [10, 11]. Furthermore, the rewarming rate of the
cooled gingival mucosa has been shown to increase with
increasing inflammation [11]. It was hypothesized that UA
mucosa tissue temperature and rewarming characteristics
should be modified by nocturnal obstructive breathing
abnormalities and a study was designed using infra-red
thermography to compare the temperature of different UA
regions in normal nonsnorers, nonapnoeic snorers, and
SAHS.
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Materials and methods

Patients

Thirty four subjects participated in the study. These inc-
Iuded 11 male nonsnorers, 13 nonapnoeic snorers (12 male,
1 female) and 10 untreated SAHS (9 male, 1 female). All
were nonsmokers for at least 1 yr and were free of allergy
and UA infection. They were not receiving any medica-
tion. Their nocturnal pulmonary status was clinically as-
sessed and confirmed by a conventional sleep study (see
below).

Sleep studies

Polysomnographic studies consisted of continuous ac-
quisition of measurements from an electroencephalogram
(CJ/A,, Cy/A,, O)/A, and O//A,), a submental electromyo-
gram, an electro-oculogram and an electrocardiogram,
nasobuccal airflow with thermistors, thoraco-abdominal
movements by inductive plethysmography (Respitrace,
Ambulatory Monitoring Inc, Arsdley, NY, USA), arterial
oxyhaemoglobin saturation (Sa,0,) with an ear oximeter
(504 Pulse oximeter, Criticare Systems, Waukesha, WI,
USA) and breathing noises with two microphones placed
at the head of the bed [12]. All variables were recorded on
computer (Sandman, Melleville Diagnostics, Ottawa, On-
tario, Canada).

Study design

Temperature recordings were made during the month
following the sleep recording. Subjects sat in front of an
infra-red camera (Inframetrics, model 600, Billerica, MA,
USA) placed approximately 30 cm in front of the mouth.
A video recording of the UA (mouth opened) was obtained
on three different occasions: during tidal mouth breathing,
during a 10 s end-inspiratory voluntary apnoea following
mouth breathing and during a 10 s end-inspiratory volun-
tary apnoea following nasal breathing. During tidal brea-
thing, inspiratory and expiratory time were measured for
each respiratory cycle. The temperature and humidity of
the room in which measurements were taken remained
constant during the study period. The protocol was autho-
rized by the Institutional Research Board and written in-
formed consent was obtained from each subject.

Data collection and statistical analysis

Sleep studies. Polysomnographic recordings were manu-
ally interpreted in 30 s epochs. Sleep parameters were
determined according to RechrschameN and Kaies criteria
[13]. Arousals were scored according to the American
Sleep Disorders Association (ASDA) definition [14] and
the number of arousals per hour of sleep was determined.
Apnoea was defined as the cessation of nasal-oral airflow
for at least 10 s. Hypopnoea was defined as a >50% de-
crease in the sum of thoracoabdominal movements for at
least 10 s associated with a 2% drop in Sa,0, and/or an
arousal.

Temperature measurements. Following data collection,
temperature measurements were obtained with dedicated
computer software (Thermogram 3.0, Thermotechnix Sy-
stems, Cambridge, UK) that determines the temperature at
a spot level of ~1 mm? which can be located anywhere on
the freeze-frame video image with a 0.1°C sensitivity
[15]. During the tidal breathing trial, end-inspiratory and
end-expiratory measurements were obtained. During the
apnoeic trials, measurements were taken at the beginning
and at the end of the apnoea. The different areas at which
measurements were taken are identified by different let-
ters in figure 1. Three measurements were obtained on the
uvula: at the margin of the soft palate (a), at the tip of the
uvula (b) and midway between the two (c). Six posterior
pharyngeal wall measurements were taken on each side of
the uvula, two were done at the horizontal level of point b
(laterally close to the palatal arch (d) and midway between
the palatal arch and the uvula (e)) and one at the horizon-
tal of point ¢ above point e (f). Four soft palate measure-
ments were obtained on each side of the uvula above spots
d and f (g, h). These anatomical spots were retained be-
cause data were available during the different procedures
and in each subject of the different groups. The different
values obtained at each anatomical region were averaged
to characterize the local temperature during tidal breath-
ing and apnoea.

Comparisons between groups for each anatomical re-
gion and inspiratory-expiratory time and between anato-
mical regions within each group were performed with an
analysis of variance (ANOVA) followed by a Student-
Newman-Keul's test for multiple comparison. Regression
analysis between UA mucosa temperature and nocturnal
breathing characteristics was evaluated by Spearman rank
correlation. Statistical significance was inferred for com-
parisons in which p<0.05.

Results

Anthropometric characteristics of the different groups
are presented in table 1. As expected, UA temperatures
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Fig. 1. — Schematic representation of the different spots where upper
airway temperature measurements were obtained. Three measurements
were obtained on the uvula (a—c), three others on each side of the poste-
rior pharyngeal wall (d—f) and two on each side of the soft palate (g, h).
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Table 1. — Anthropomorphic and nocturnal breathing
characteristics of the participating subjects

Normals Snorers SAHS

n=11 n=13 n=10

Age yrs 40+8 43+10a 49+49a
BMI kg-m? 24+2a 29+5:® 32+6b
Snoring index 29+19: 213+1120 -
n-h!
AHI n-h! 2.4+2.00 9.0£6.00 63.0+£22.00

Values presented as mean+sp. For each variable, values follow-
ed by different letters are significantly different. SAHS: sleep
apnoea/hypopnoea syndrome; BMI: body mass index; AHI:
apnoea/hypopnoea index.
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Fig. 2. — End-inspiratory temperature of the different upper airway
(UA) regions in each group. The uvular temperature ( £%3 ) was signi-
ficantly lower than that of the other UA regions, with no difference
between the posterior pharyngeal wall ( [] ) and the velum ( ) in
the three groups. For a given UA region, there was no difference in UA
temperature between the different groups. Data are shown as mean (sp).
Columns with different letters are significantly different. Letters refer to
the comparison between UA regions within each group of subjects and
greek letters are used for comparison between groups for a given UA
region. SAHS: sleep apnoea/hypopnoea syndrome.

differed between inspiration and expiration and during the
course of the apnoea. For this reason the different UA
regions were characterized by their inspiratory tempera-
ture, with the inspiratory-expiratory temperature differ-
ence used to characterize the expiratory rewarming and by
the changes in UA temperature during apnoea. There was
no difference in the inspiratory and expiratory time bet-
ween the different groups. The mean values of the end-in-
spiratory temperature of the different UA regions in each
group are presented in figure 2. The temperature of the
uvula was significantly lower than that of the other UA
regions, with mean differences ranging from 0.4-1.5°C.
No difference was found between the posterior pharyng-
eal wall and the velum temperatures in any group. For
each anatomical region, there was no difference between
the normals, snorers and SAHS (fig. 2).

The expiratory changes in UA temperature observed in
the different UA sites and in each group are given in figure
3. In normal subjects, the expiratory rewarming was sig-
nificantly higher in the uvula than in the velum and the
posterior pharyngeal wall; however, these regional differ-
ences in the inspiratory-expiratory difference in tissue
temperature were not observed in snorers and SAHS.

The uvular rewarming was not significantly different
between the subjects of the three groups. However, signif-
icant differences were observed between the three groups
for the inspiratory-expiratory temperature difference at the
velum and posterior pharyngeal wall, with the rewarming
being significantly larger in snorers and in SAHS than in
normals (fig. 3).

Since the inspiratory-expiratory temperature differen-
ces could be accounted for by the effects of heated exhal-
ed gases on UA, the same measurements were obtained
during the course of a voluntary apnoea following a tidal
inspiration. Rewarming was quantified by the changes in
temperature between the beginning and the end of a 10 s
of apnoea. After exclusive nasal breathing no significant
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Fig. 3. — Inspiratory-expiratory differences in temperature of the differ-
ent upper airway regions in each group. In normal subjects, the expira-
tory increase in uvular ( ) temperature was higher than in the post
posterior wall ( [] ), and the velum ( ). These regional differences
were not observed in snorers and subjects with sleep apnoea/hypopnoea
syndrome (SAHS). The uvular expiratory-inspiratory temperature dif-
ference was not significantly different among the three groups. The
velar and posterior pharyngeal expiratory rewarming was significantly
higher in snorers and SAHS than in normals. See figure 2 for an expla-
nation of the symbols.
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Fig. 4. — Mean change in upper airway (UA) temperature observed

during a 10 s apnoea. As during tidal breathing, the uvular ( FH ) re-
warming was significantly higher than that of the other UA sites in nor-
mal subjects. For the posterior pharyngeal wall ( [] ) and the velum
( ), this rewarming was higher in snorers and subjects with sleep
apnoea/hypopnoea syndrome (SAHS) than in normals. See figure 2 for
an explanation of the symbols.
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changes in UA temperature were observed from the begin-
ning to the end of the apnoea. When the apnoea followed
exclusive mouth breathing, a rewarming of the UA was
observed. As illustrated in figure 4, this rewarming was
similar to that observed during expiration. Similar differ-
ences were observed between the different UA regions
and the different groups, with a significantly higher re-
warming in the uvula than in the other regions in normals,
no difference in rewarming between the three studied UA
sites in snorers and SAHS, and a smaller rewarming in the
posterior pharyngeal wall and in the velum in normals
than in snorers and SAHS (fig. 4). There was no corre-
lation between the average temperature of the different
anatomical sites and nocturnal breathing characteristics
(snoring index or apnoea/hypopnoea index).

Discussion

The results show that tissue temperature varies within
the different UA regions during mouth breathing and that
the intensity of the regional expiratory and breath-holding
rewarming differs among normal subjects, snorers and
SAHS.

The observed changes in UA temperature may be ac-
counted for by the balance between the influence of in-
spiratory and expiratory airstream temperature and of the
intrinsic rewarming characteristics of these tissues. These
two factors can be evoked to explain the results obtained
during tidal breathing. The lower end-inspiratory tempe-
rature measured in the uvula than in other pharyngeal
regions could be explained by differences in the aerody-
namic pattern within the UA that would influence the tem-
perature exchange between inhaled gas and UA tissues
and/or by differences in the local blood flow. Since the re-
gional inspiratory cooling was similar in the three groups,
even if group differences were observed in the expiratory
rewarming pattern, inspiratory changes in UA temperature
seem to be determined mainly by the effects of inspired air
temperature. Exhalation of heated air may contribute to
UA rewarming; however, other factors may contribute to
explain the differences in the intensity of the rewarming
observed between the three groups, such as differences in
the intrinsic temperature of these tissues, e.g. as a conse-
quence of differences in local blood flow. During apnoea,
the UA rewarming can only be accounted for by intrinsic
tissue properties. The similarity between the results ob-
tained at end-expiration and at the end of an apnoea sug-
gests that this factor contributes primarily in determining
the intensity of rewarming in both conditions. Therefore,
the observed increase in the end-expiratory and/or end-
apnoeic temperature rewarming may be consequential to
UA inflammation, as suggested for gingival mucosa, the
rewarming rate of which has been shown to increase with
increasing intensity of tissue inflammation [11]. No tech-
nical bias could contribute to explain the similarity of the
uvular rewarming rate among the three groups while the
velar and posterior pharyngeal rewarming differed signifi-
cantly between normals and the two other groups. One
possible explanation could be that local mucosal fat depo-
sition may have interfered with changes in tissue tempera-
ture [16].

There is indirect evidence that sleep-related breathing
disorders induce UA inflammation in SAHS. Using mag-

netic resonance imaging (MRI), Ryav et al. [17] found a
decrease in the mucosal water content following continu-
ous positive airway pressure (CPAP) therapy in these pati-
ents. This decrease occurred mainly at the oropharyngeal
level and was accompanied by a decrease in the volume of
both the tongue and soft palate and an increase in pharyn-
geal cross-sectional area. These findings were attributed
to the relief of UA oedema by CPAP therapy. Similar find-
ings have been reported recently by Mortmore ef al. [18]
who used cephalometric measurements to show that CPAP
therapy caused a significant increase in the posterior air-
way space. The beneficial effects of CPAP on UA oedema
suggest that the oedema is linked with the mechanical
consequences of UA collapse, i.e. possibly as a consequ-
ence of the relief of vascular and lymphatic damming. The
differences observed between SAHS and normals are con-
sistent with such consequences of UA trauma. Interest-
ingly, the similarity of the results obtained in snorers and
SAHS and the differences observed between the snorers'
groups and normal nonsnorers suggest that UA oedema is
as important in snorers as in SAHS. This is consistent
with the findings of Woobson et al. [6] who found no quali-
tative differences in histopathological characteristics
between SAHS and nonapnoeic snorers. Therefore, UA
fluttering and UA collapse may have similar conse-
quences on UA tissue characteristics. In both groups, UA
oedema may by itself contribute to worsen breathing
abnormalities, as illustrated by the increase in UA collaps-
ibility as-sociated with experimentally induced vasodilata-
tion [19] and the decrease in UA collapsibility observed in
SAHS following CPAP therapy [20]. This is consistent
with the decrease in the apnoea+hypopnoea index that is
observed on the first night following withdrawal of regular
CPAP therapy [21]. The same observation was made in
nonapnoeic snorers, whose snoring severity significantly
impro-ved immediately following the interruption of 30
days of CPAP therapy [22]. Since significant differences
were observed in soft tissue expiratory rewarming
between ap-noeic and nonapnoeic subjects, the diagnostic
value of the inspiratory-expiratory temperature difference
at the velum and the posterior pharyngeal wall in identify-
ing apnoeic patients was assessed. Using a 2.3°C tempera-
ture difference for the normal threshold (mean+ 2 sp of
normal values) at the posterior pharyngeal wall, the sensi-
tivity was 60%, specificity 87.5%, positive predictive
value 66.7% and negative predictive value 84%. For velar
temperature differences using threshold of 1.8°C, the sen-
sitivity was 70%, specificity 70.8%, positive predictive
value 50% and negative predictive value 85%.

To the authors' knowledge, only a few histological stud-
ies have been conducted to investigate the presence of
inflammatory process in UA tissues of SAHS and snorers.
A recent study has found that the nasal lavage composi-
tion significantly differs between SAHS and normal sub-
jects, with an increased proportion of polymorphonuclear
leukocytes and pro-inflammatory mediators in the former
group [23]. This demonstrates that tissue inflammation is
present in the most proximal end of UA, but the nasal lav-
age procedure does not allow a precise localization of the
inflammatory site(s) inside the nasopharyngeal airways.
The present findings suggest that this inflammatory pro-
cess may not be limited to the nasopharynx but may also
involve the oropharyngeal airway.
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Interestingly, preliminary results from the same labora-
tory suggest that the catabolism of pro-inflammatory med-
iators may be altered in the uvula of SAHS patients [24].

The infra-red recording system used in this study allow-
ed only perioral measurements of UA tissue temperature
to be obtained. Therefore, posterior velar and hypopha-
ryngeal regions could not be explored in the present study.
Furthermore, since infra-red waves are not transmitted
through optic fibres, these measurements cannot be made
through conventional endoscopes. However, the ongoing
developments in the field of infra-red spectroscopy could
allow such analysis in the future [25] and this would be
very useful in mapping the temperature of tissues and
localizing inflammatory structures during any endoscopic
procedure. In SAHS, this could be helpful to identify eas-
ily the anatomical regions involved in UA closure and
potentially be used to identify good responders to velo-
pharyngeal surgery.

In conclusion, significant changes occur in the tempera-
ture of certain pharyngeal regions of snorers and obstruc-
tive sleep apnoea patients, in contrast to normal controls.
These differences can be accounted for by mucosal up-
per airway properties and particularly by the presence of
upper airway inflammation. Further studies will be requir-
ed to determine the importance of this finding with respect
to the possibility of localizing sites of upper airway col-
lapse.
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