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ABSTRACT: Various sites along the upper airway (UA) are prone to narrow and
collapse in patients affected by obstructive sleep apnoea. Sleep stages may even-
tually alter these sites. The present study was designed to determine the site(s) of
UA obstruction and the influence of sleep stage on the pattern of obstruction.

Twenty eight obstructive sleep apnoea patients underwent UA pressure mea-
surements during polysomnography. Solid-state pressure sensors were located at
the nasopharynx, oropharynx, tongue base, hypopharynx and oesophagus and the
lower limit of UA obstruction was determined relying on the observed pressure
pattern.

The site of UA obstruction varied among consecutive apnoeas in all but two
patients. The lower limit of UA obstruction was predominantly located at the naso-
and oropharynx. Rapid eye movement (REM) sleep was associated with a tendency
for obstruction to extend towards lower levels of the UA and nasopharyngeal occlu-
sion was significantly less observed during REM compared to oropharyngeal
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obstruction.

Upper airway obstruction involves more than one specific site of the upper air-
way in the majority of sleep apnoea patients. Obstruction at lower levels of the
upper airway is more likely to be observed during rapid eye movement sleep.

Eur Respir J 1997; 10: 2566-2572.

Intermittent closure of the pharyngeal airway resulting
in episodes of hypoxaemia and sleep fragmentation, cha-
racterize the obstructive sleep apnoea syndrome (OSAS)
[1]. OSAS is a common condition, affecting 2-4% of
middle-aged adults and is associated with an increased
cardiovascular risk [2, 3]. The cause of upper airway
(UA) obstruction is multifactorial and the following
factors contribute to the pathogenesis of this condition:
anatomic narrowing of the UA; increased collapsibility
of UA tissues; reflexes affecting UA calibre; and pha-
ryngeal muscle function.

In an attempt to understand the functioning and behav-
iour of the UA, various techniques permitting UA char-
acterization have been developed. Among them, nasal
endoscopy, cephalometry and UA imaging by comput-
ed tomography (CT), are probably the best document-
ed. These techniques are, however, difficult to perform
during sleep and it is well known that the UA behaves
differently during sleep than during wakefulness. In
addition, the results obtained by static techniques such
as cephalometry or CT scan do not provide information
about UA dynamics. A discrepancy between static (lat-
eral cephalometry, CT scan) and dynamic examinations
of the UA (somnofluoroscopy) has been emphasized by
PepPIN et al. [4]. These authors found an extension of
airway collapse to the hypopharynx during somnofluo-
roscopy in 10 of 11 patients whereas CT scan did not
show a reduction of this area in six of these patients.
A disagreement, with respect to the findings in the
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hypopharynx between cephalometry (upright position)
and somnofluoroscopy was found in seven patients.
From these results it becomes evident that dynamic stud-
ies of the UA during sleep are necessary to investigate
the pattern of UA obstruction and to document the
involvement of the hypopharynx. UA pressure mea-
surements provide information about UA dynamics in
terms of changes in UA pressure before, during and
after the appearance of respiratory events. Results from
UA pressure measurements have been reported by sev-
eral authors using different techniques varying from a
fluid-filled catheter [5] to movable catheters [6, 7], a
bias flow catheter [8—10] and micropressure sensors
[11-15]. Most studies were performed in a limited num-
ber of patients (n<20) except those of KATSANTONIS et
al. [15], Scatvept [13] and METES et al. [7]. The results
of these studies, however, are controversial. SCATVEDT
[13] and TvINNEREIM and MILIETEIG [12] demonstrated
that apnoeas may result from obstruction at variable
sites in a given patient. In contrast, the other authors
concluded that UA obstruction is located at one partic-
ular site in the UA which remains the same during con-
secutive apnoeas.

UA collapsibility is known to vary among different
sleep stages [16]. To our knowledge, the influence of
sleep stage on the occurrence of obstruction at a par-
ticular site of the UA, has not been thoroughly investi-
gated. In the study by Karsantonis et al. [15], it is
mentioned that the site of collapse remained constant
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throughout sleep stages and positions, but detailed data
on this issue were not presented. SHEPARD and THAWLEY
[5] studied nine patients during both rapid eye move-
ment (REM) and nonREM (NREM) sleep and observed
an extension of the collapse towards more caudal seg-
ments of the UA in seven patients. The controversies
and questions elicited by these studies prompted us to
investigate the site(s) of UA obstruction and the influ-
ence of sleep stage in a sufficiently large number of
OSAS patients.

Materials and methods

Study subjects

The study included 28 male patients, who were mid-
dle-aged (50.6 yrs (sp 9.6)) and obese with a body mass
index of 31.7 kg'm2 (sp 14.2). A diagnosis of OSAS
was established for all of them with apnoea+hypopnoea
index (AHI) 41.2 (sp 27.9) and mean oxygen saturation
during sleep 91.7% (sp 1.8).

Study design

UA pressure measurements were performed during
sleep in order to determine the site of UA obstruction
during obstructive and mixed apnoeas. The involvement
of different UA segments and the relationship between
sleep stage and site of obstruction was investigated.

Methods

UA pressure measurements were performed during
complete polysomnography (Alice 3 system; Healthdyne
technologies, Marietta, GA, USA), with continuous re-
cording of the following parameters: electroencephalo-
graphy (EEG) (C4/A1 and C3/A2); electro-oculography
(EOG); electromyography (EMG) of chin muscles; car-
diac frequency; and tibialis anterior muscle EMG. Res-
piratory effort was measured by thoracoabdominal strain
gauges and oxygen saturation by a fingerprobe corrected
to a pulse oximeter (Palco laboratories, Santa Cruz, CA,
USA). Airflow was measured by a thermistor in 11
patients and by means of a pneumotachograph (model
279331; Hamilton Medical Inc., Reno, NW, USA) in
17 patients. Pressures along the UA were measured by
a Camtip pressure sensor microtip catheter (Camtech,
Sandvika, Norway). This catheter consists of a thin sil-
icon tube (2 mm diameter) with five solid-state pres-
sure sensors. Four sensors are located in the UA and
one sensor is positioned in the midportion of the oeso-
phagus. The UA sensors are located in the following
way (fig. 1): one sensor at the posterior choanae (sen-
sor N); a second sensor just below the inferior margin
of the soft palate, behind the uvula (sensor P); a third
sensor is located at the tongue base (O sensor); and a
fourth at the tip of the epiglottis (sensor L). The sen-
sors were calibrated in a water column before each
recording.

The catheter was inserted through the nose into the
UA and oesophagus after local anaesthesia of one nos-

Fig. 1. — Schematic representation of the positions of the different
sensors in the upper airway and oesophagus. Sensor N: at the poste-
rior choanae; sensor P: at the inferior margin of the soft palate behind
the uvula; sensor O: at the tongue base; sensor L: at the tip of the
epiglottis; sensor E: in the midportion of the oesophagus.

tril with lidocaine 1% on a cotton swab. The correct
placement of the catheter was not verified by imaging
techniques. After insertion, the presence of a marker
(located at the second sensor) behind the soft palate was
verified by visual inspection of the UA and the catheter
was repositioned when necessary. Then, the catheter
was securely fixed to the skin with tape and correct
position of the marker behind the soft palate was check-
ed for a second time.

Sleep tracings were manually scored for sleep stage,
respiratory events and site of UA obstruction. Sleep
stages were scored as outlined by RECHTSCHAFFEN and
KaLEs [17]. An apnoea was defined as the absence of
airflow for at least 10 s. A hypopnoea was scored when
a 250% reduction of airflow persisted for a minimum
of 10 s and was followed by a >4% drop in oxygen sat-
uration and/or arousal. Apnoeas were classified as ob-
structive, mixed or central according to standard criteria
[18]. The AHI was calculated as the number of apnoeas
plus hypopnoeas per hour of sleep. The site of UA
obstruction was determined for all obstructive and mix-
ed apnoeas. During an apnoea, pressure deflections are
absent in the sensors located above the site of obstruc-
tion. In those sensors located below the site of obstruc-
tion, pressure swings continue to increase during the
course of an apnoea. The pattern of pressure deflections
in the different sensors during an apnoea allowed us to
determine the site of obstruction according to this prin-
ciple. Extension of an obstruction towards a lower level
is inferred when pressure deflections in a particular
sensor are present at the onset of apnoea but flatten out
or disappear during the course of the event. We used
the definitions for the anatomical segments of the UA
as proposed by HupceL [19]. The third sensor separates
the oropharynx strictu sensu in an upper and a lower
part that we defined as oropharynx and tongue base,
respectively. We applied the following terminology to
define the site of UA obstruction: between sensor N and
P = nasopharynx; between sensor P and O = orophar-
ynx; between sensor O and L = tongue base; between
sensor L. and E = hypopharynx.
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Data analysis

Four distinct sites of obstruction were identified as
specified in the previous section. Considering the num-
ber of obstructions at a given site in the UA, the data
are presented as the raw data and as data corrected for
time spent in a particular sleep stage. Within each patient,
there was a difference in the amount of time spent in a
particular sleep stage. In order to take this into account,
we calculated for each patient the percentage of the total
amount of obstructive and mixed apnoeas that occurred
during wakefulness, NREM and REM sleep at four sites
of the UA under investigation. This permitted the study
of the influence of the sleep stage on the site of UA
obstruction. The total number of obstructive or mixed
apnoeas occurring at different sites of the UA was com-
pared by Friedman analysis of variance (ANOVA). In
order to investigate whether sleep stage alone is a pre-
disposing factor for obstruction to occur at a specific
site of the UA, the percentage of apnoeas occurring at
the nasopharynx during wakefulness, NREM and REM
sleep was compared with the percentage of apnoeas
occurring at the oropharynx during the same sleep stage
(Wilcoxon matched pairs test). Since only a small num-
ber of apnoeas was observed to be related to tongue
base or hypopharyngeal obstruction, these sites were not
considered to study the effect of sleep stage on the site
of obstruction. Statistical analysis was performed with
the Stat Soft software package (1996, version 5; StatSoft
Inc., Tulsa, OK, USA). Statistical significance was assu-
med at p<0.05.

Results

Data regarding sleep stage distribution and sleep char-
acteristics are presented in table 1. The patients spent
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Table 1. — Sleep stage distribution and sleep charac-
teristics (n=28)

Sleep stage Duration

Wakefulness min 223.5 (73.4)
Stage | NREM min 69.7 (26.7)
Stage I NREM min 174.5 (59.1)
Stage [II-IV NREM min 16.2 (21.1)
REM min 48.8 (30.4)
Total sleep time min 307.0 (72.6)
Sleep efficiency (total sleep time/time in bed) 57.4 (12.8)

Values are mean (sp). REM: rapid eye movement; NREM:
nonREM.

Table 2. — Combination of the different sites of upper
airway (UA) obstruction

Site of UA obstruction

Pt

n Nasopharynx  Oropharynx Tongue Hypopharynx
base

1 X

1 X

15 X X

2 X X

7 X X X

2 X X X X

Pt: patients; x indicates the site(s) of UA obstruction in each
patient.

most time in wakefulness (which also included drowsi-
ness) and stage I-II NREM sleep with little slow-wave
and REM sleep.

UA obstruction was located at more than one site in
the UA in all but two patients (table 2). In two patients,
the primary site of obstruction for consecutive apnoeas
was scattered along the entire UA. In some patients,
UA obstruction extended towards a lower level of the
UA during the same event (fig. 2). The total number of
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Fig. 2. — Extension of upper airway (UA) obstruction towards a lower site of the UA during the same apnoeic event. In the first half of the
apnoea, obstruction is located between the second (sensor P) and third (sensor O) sensor (oropharynx). During the second half, pressure deflec-
tions in the third sensor disappear and the obstruction is located between the third and fourth (sensor L) sensor (tongue base). For locations of

sensors, see figure 1. Sp,0,: pulse oxygen saturation.
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Fig. 3. — Total number of obstructions at a given site of the upper

airway for each patient. Shaded boxes represent the median, unshad-
ed boxes represent the interquartile range, and bars represent the
nonoutlier maximum and minimum values.

obstructions at a given site of the UA for each patient
is displayed in figure 3. Friedman ANOVA ((ANOVA
Chi squared n=28, degrees of freedom=3) 51.2, p<0.001)
followed by Wilcoxon matched pairs test demonstrated
that UA obstruction was most likely to occur at the
naso- and oropharynx (fig. 3). When the whole study
population was considered, the number of obstructions
occurring at either the naso- or oropharynx was not sig-
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nificantly different (p=0.2). Table 3 displays for each
individual patient the percentage of apnoeas occurring
at different levels of the UA in relation to sleep stage.
The percentage of events occurring at the nasopharynx
during wakefulness (including drowsiness) (mean+sb
12.3+18.3) or NREM sleep (26.4+23.6) was not signif-
icantly different from the percentage occurring at the
oropharynx during wakefulness (11.9+10.0; p=0.6) or
NREM sleep (34.4+22.1; p=0.3). In contrast, during
REM sleep, a higher percentage of apnoeas occurred at
the oropharynx (7.0+11.7) compared to the nasophar-
ynx (2.8+1.5; p=0.03). In three patients (Nos. 10, 13,
and 18; table 3), tongue base and/or hypopharyngeal
obstruction occurred only during REM sleep and not
during NREM sleep or wakefulness.

Discussion

A first major finding of our investigations is that
the lower limit of UA obstruction varied among differ-
ent apnoeas in all but two patients. This is in agree-
ment with the results of ScAaTvepT [13] and TVINNEREIM
and MILETEIG [12] who found multiple sites of UA
obstruction in seven out of 20 and one out of seven
patients, respectively. Our results, however, contrast
with those of many others who found the site of obstruc-
tion to be fixed during repeated measurements in a gi-
ven subject.

Table 3. — Percentage of the total amount of obstructive and mixed apnoeas occurring at the nasopharynx, orophar-
ynx, tongue base or hypopharynx for each individual patient in relation to sleep stage

% total obstructive and mixed apnoeas

Patient  Total Wake NREM REM
T apnoeas — p OP TB  HP NP  OP TB  HP NP OP TB  HP
1 170 35 71 0 0 441 270 0 0 47 135 0 0
2 124 8.1 0 0 0 306 50.0 0 0 0 0 0 0
3 248 153 165 0 0 403 262 0 0 16 0 0 0
4 6 500 167 0 0 333 0 0 0 0 0 0 0
5 62 0 27.4 0 48 0 210 0 0 32 258 48 129
6 141 0.7 8.5 210 14 702 128 0 0 28 14 0
7 127 47 0 0 0 779 3.1 08 0 6.3 16 55 0
8 94 42 170 0 0 21 734 0 0 0 320 0
9 161 186 168 0 0 292 342 0 0 12 0 0 0
10 228 6.1 53 0 0 553 2238 0 0 3.1 66 04 04
11 93 118 6.5 10 559 247 0 0 0 0 0 0
12 4 250 0 0 0 500 25.0 0 0 0 0 0 0
13 91 0 0 0 0 0 560 770 0 308 5.5 0
14 42 119 309 0 0 11.9 452 0 0 0 0 0 0
15 205 01 278 0 0 68 580 05 0 05 05 0 0
16 57 35 0 0 0 193 193 0 0 474 105 0 0
17 9 0 1.1 0 0 0 333 556 0 0 0 0 0
18 136 2.9 22 0 0 169 574 0 0 0 191 15 0
19 208 29 144 0 0 63 721 0 0 0 43 0 0
20 27 333 222 0 0 185 259 0 0 0 0 0 0
21 491 33 216 04 0 167 511 04 0 0.8 31 27 0
2 5 800 0 0 0 20 0 0 0 0 0 0 0
23 421 0.9 8.5 12 0 62 660 59 0 0 112 0 0
24 47 6.4 2.1 0 0 723 21 0 0 8.5 85 0 0
25 57 368 210 0 0 193 228 0 0 0 0 0 0
26 10 0 30.0 0 0 0 200 0 0 0 500 0 0
27 199 126 8.5 0 0 397 337 0 0 15 40 0 0
28 53 19 113 0 0 660 227 0 0 0 0 0 0

NP: nasopharynx; OP: oropharynx; TB: tongue base; HP: hypopharynx; REM: rapid eye movement; NREM: nonREM.
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This discrepancy might result from a different inter-
pretation of the data. Two principles can be used in
order to determine the site of obstruction. The first is
based on the changes in pressure pattern. This technique
was proposed by HupceL [9] and has been applied by
others as well as in our present study. The second method
is based on the gradient in inspiratory pressures between
different sensors. This technique is used by SCATVEDT
[13]. Since we interpreted the data in the same way as
those authors who found only one site of obstruction,
we do not believe that different results reflect discrep-
ancies in interpretation. With respect to data interpre-
tation, another remark needs to be made. When reviewing
the literature on UA pressure measurements, it becomes
clear that different names are used for the same or over-
lapping parts of the UA. In the study by SHEPARD and
THAWLEY [5], oropharyngeal collapse is said to occur
when pressure deflections are absent in two sensors: one
located in the nasopharynx at the level of the soft palate
and the other located just distal to the inferior margin
of the soft palate, at the base of tongue. By contrast, in
the study by Katsantonis er al. [15], collapse of the
oropharyngeal segment is defined as absence of pres-
sure deflections in a sensor located at the posterior
choanae. What is defined as nasopharyngeal collapse in
our present study corresponds to the oropharyngeal col-
lapse in the study of KaTsanTtonis et al. [15], and our
definition of oropharyngeal collapse agrees with the
definition of oropharyngeal collapse used by SHEPARD
and THAWLEY [5]. The use of different definitions for
the UA emphasizes the need for a consensus at this
point.

With the exception of the studies by Woobson and
WOOTEN et al. [14] and Scatvept [13], previous stud-
ies used pressure sensors at only three fixed locations
in the UA. The sensors were mostly located in the pos-
terior choanae, at the rim of the soft palate and at the
level of the hyoid bone or supraglottis. This allows only
classification into retropalatal and retrolingual (hypo-
pharyngeal) obstructors. Obstruction located between
the soft palate and tongue base cannot be differentiat-
ed from occlusion occurring between the tongue base
and the supralaryngeal segment with this technique. We
present data obtained with four UA sensors. Our tech-
nique might permit more detailed evaluation of the UA
and allow to detect additional obstruction sites. We
assume that this might explain our observation of mul-
tiple obstruction sites.

UA pressure measurements allow for a dynamic study
of the UA during sleep and provide information about
different UA levels simultaneously. However, the use
of pressure sensors to determine the site of obstruction
may have some limitations. First, the technique has been
criticized since it only permits identification of the lower
limit of obstruction [14]. Although manometry allows
the measurement of pressure changes at different UA
levels simultaneously, it does not identify narrowing at
nonobstructive segments of the UA during a respirato-
ry event with complete cessation of airflow. In some
patients, small inspiratory pressure fluctuations can be
observed upstream from the site of obstruction. This
may reflect a subtotal obstruction or reflex contraction
of pharyngeal dilator muscles. Combining videoendos-
copy with manometry, WoobpsoN and WOOTEN et al. [14]

observed marked narrowing of pharyngeal segments
that were not identified as the initial site of obstruction
by manometry. CHABAN ef al. [6] have tried to overcome
this problem by using a movable catheter technique and
to determine both the lower and upper limit of obstruc-
tion. However, in their study of 10 patients, the upper
limit could be located in only two cases due to vari-
ability in interaction between the Millar transducer and
the pharyngeal wall. Secondly, it is not known to what
extent the placement of a catheter in the UA interferes
with UA dynamics. Mechanical stimulation of UA recep-
tors or the use of UA anaesthesia (before introduction
of the catheter) may change UA characteristics [20, 21].
This hypothesis was supported by PEPIN ef al. [22] who
summarized the results with respect to the initial site of
UA obstruction obtained by videoendoscopy, CT scan
or UA pressure measurements. The results from videoen-
doscopy or CT scan indicated that the initial site of UA
obstruction was located in the oropharynx in the major-
ity of patients studied. By contrast, using UA pressure
measurements indicated that the obstruction was initi-
ated at the hypopharyngeal level in at least half of the
cases. Further studies are necessary to elucidate this
controversy. The use of a catheter in the UA may also
disturb sleep and result in a decreased sleep efficiency.
The observation of a low total sleep time in our study
may raise questions about the tolerance of technique by
the patient. Three out of 28 patients had a total sleep
time of <200 min (149, 142 and 153 min, respectively).
Previous reports demonstrated that the placement of a
catheter in the UA and oesophagus does not induce
important additional sleep disturbance in patients with
sleep-related breathing disorders [23, 24]. Despite its
limitations, the technique of UA pressure measurements
may be considered useful to identify the primary site of
UA occlusion, to obtain information on multiple airway
segments simultaneously during different sleep stages
without exposure to radiation.

The knowledge that, in a majority of OSAS patients,
UA obstruction occurs at multiple levels, may have
important implications for the management of patients
with OSAS. SHER et al. [25] reviewed the literature be-
tween 1993 and 1996 for papers containing information
about the preoperative localization of narrowing or col-
lapse in OSAS patients undergoing uvulopalatopharyn-
goplasty. Data were available for 168 patients in whom
the site of UA obstruction was preoperatively determin-
ed by different techniques such as fibreoptic endoscopy
(awake or asleep), lateral cephalometric radiography, air-
way manometry and pharyngeal CT scan. The authors
found that the percentage of patients attaining a 50%
decrease in respiratory disturbance index (RDI) and a
postoperative RDI of <20 (or a 50% decrease in ap-
noea index and a postoperative apnoea index <10) was
much higher (52.3%) in patients with retropalatal nar-
rowing or collapse than patients with retrolingual or re-
trolingual and retropalatal narrowing or collapse (5.3%
p<0.0001). From these results, the authors concluded
that the site of pharyngeal collapse has a marked effect
on the outcome of patients undergoing uvulopalato-
pharyngoplasty.

Our technique of UA pressure measurements, allows
for classification of patients into different groups accord-
ing to the complexity and multiplicity of UA obstruction
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sites during sleep. For each group, the most appropri-
ate treatment needs to be determined. A combination of
different surgical procedures or a treatment which can
open the UA as a whole, such as continuous positive
airway pressure, might be necessary for some patients
in order to relieve all sites of obstruction. The influence
of new and currently available treatment modalities on
these different patterns of UA obstruction, should be
thoroughly investigated.

A second major finding of our study considers the
influence of sleep stage on the site of UA obstruction.
During REM sleep, obstructive and mixed apnoeas
occurred more often at the oropharynx compared to the
nasopharynx. We noticed that in some apnoeas, the site
of obstruction extended towards a lower level in the UA
during the same event, and this was more likely to occur
during REM sleep. A similar finding was reported by
WoobpsoN and WooTeN [14]. In three out of 12 patients,
these authors observed caudal progression of the obstruc-
tion from the palatal region during the course of the
event. An extension of the obstruction towards a lower
level of the UA can be attributed to either a progres-
sive increase in downstream suction pressure, and thus
an increase in transpharyngeal pressure, or to an increase
in UA collapsibility or a combination of both. The for-
mer is most likely to play a role during NREM sleep.
During REM sleep, the oesophageal pressure is less
negative compared to NREM sleep and the increase in
respiratory effort during the course of an apnoea is less
[26]. The occurrence of obstruction at lower levels of
the UA during REM sleep compared to NREM sleep
may therefore not be attributable to a higher transpharyn-
geal pressure during REM but may reflect the increased
collapsibility of the UA during REM sleep compared
to NREM sleep [16]. Because only a limited number of
obstructive events were found to be associated with
tongue base or hypopharyngeal collapse in our study,
the influence of sleep state on the occurrence of obstruc-
tion at these sites was not statistically investigated.
However, on an individual basis, some patients were
found to obstruct at more distal levels along the UA
only during REM sleep (patients Nos. 10, 13 and 18;
table 3). Our results suggest that REM sleep, is asso-
ciated with a downward extension of the obstructive site
and thus that sleep stage, especially REM sleep may be
a predisposing factor for obstruction to occur at a given
site of the UA. Other factors such as sleep posture might
also have an influence on the site of UA obstruction.

In conclusion, upper airway pressure measurements
during sleep demonstrated that the upper airway occ-
ludes at multiple sites in the vast majority of patients
with obstructive sleep apnoea. Occlusion of the naso-
and oropharynx was found to be the predominant cause
of obstructive and mixed apnoeas in obstructive sleep
apnoea patients. An extension of collapse towards lower
levels of the upper airway was most likely to occur dur-
ing rapid eye movement sleep. These results should be
taken into account when selecting obstructive sleep
apnoea patients for specific treatment strategies.
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