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Upper Airway Collapsibility in Habitual Snorers and Sleep Apneics: Evaluation
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Increased upper airway collapsibility has been suspected of being involved in the pathogenesis of sleep-related diseases. It
is assumed that patients with severe obstructive sleep apnea syndrome (OSAS) show a stronger collapse of the upper
airway compared with habitual snorers. It was the objective of this study to analyze the patterns of upper airway collapse
in habitual snorers and patients with OSAS and to correlate these results with data from polysomnography. Endoscopy
was carried out during drug-induced sleep (with propofol) and collapsibility was analyzed at two major levels (palatal and
tongue base). A total of 207 habitual snorers and 117 patients with OSAS underwent endoscopy after overnight
polysomnography in our sleep laboratory. In 95% of cases we were able to induce snoring during drug-induced sleep. The
collapsibility in the area of the base of the tongue correlated with higher values of the respiratory disturbance index (RDI)
as recorded by standard polysomnography. Patients with OSAS showed significantly stronger collapsibility compared with
snorers. The difference was more evident at the tongue-base level. We found no significant correlation between the applied
CPAP pressure and collapsibility in patients with OSAS. These results show that collapsibility at the tongue-base level is
a factor relevant in sleep-related breathing disorders. Key words: airway obstruction, endoscopy, propofol, polysomnogra-

phy, sleep physiology, sleep apnea syndrome.

INTRODUCTION

The routine diagnostic procedure in identifying ob-
structive sleep apnea syndrome (OSAS) and disorders
arising in the context of snoring has largely been
standardized in most sleep laboratories. Normally,
the procedure comprises a comprehensive patient his-
tory including a questionnaire, a medical examination
covering internal, neurologic, psychiatric and ENT
aspects (depending on the clinical picture of the indi-
vidual patient), diagnostic imaging— particularly
cephalometry, radiography of the paranasal sinuses
and thorax, vigilance tests and a polysomnographic
examination. A further aspect within the scope of
diagnostic options available for management of sleep-
related disorders is the assessment of the so-called
collapsibility of the upper airways. Determination of
collapsibility can be achieved by pressure measure-
ments or by endoscopic inspection of the airways (1,
2).

A number of other techniques have been proposed
to help identify the area of obstruction. These include
radiologic methods such as computed tomography
and cephalometry. Different endoscopic procedures
such as the Miiller maneuver or videoendoscopy dur-
ing sleep have been described to verify the degree and
location of obstruction. Even though one can assume
that increased collapsibility of the pharyngeal walls
may not be the only and perhaps not even the
decisive component in the pathogenesis of sleep-
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related diseases, enhanced collapsibility is frequently
found in snorers and patients with OSAS. Localiza-
tion of the site of obstruction is often used to predict
the outcome of surgical procedures such as uvulo-
palatopharyngoplasty (UPPP). Within the framework
of the present study we strived to assess whether there
exist principally different patterns in the endoscopi-
cally determined collapsibility of the pharynx in pa-
tients with OSAS as compared with habitual snorers.
This endoscopic investigation method has been rou-
tinely applied in our laboratory in the scope of
drug-induced sleep (using propofol) since 1995.

MATERIALS AND METHODS

Patients and diagnostic procedures

In the period dating from May 1995 to November
1999, 117 patients with OSAS and 207 habitual snor-
ers were among the patients studied in our sleep
laboratory. This group comprised 268 men and 56
women aged between 17 and 71 years. Routine diag-
nosis encompassed a precise patient history including
a standard questionnaire, followed by an ENT-spe-
cific and general physical examination. If necessary,
additional neurologic and/or psychiatric examina-
tions were carried out. Rhinometry—before and af-
ter subsidence of swelling of the nasal mucosa—as
well as a survey radiograph of the paranasal sinuses
and the thorax were performed and, in a number of
cases, a multiple sleep latency test (MSLT). Standard
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polysomnography was carried out over an average
recording period of 8§ h. The following parameters
were recorded for each patient: age, sex, body mass
index, apnea—hypopnea index, minimal and average
oxygen saturation during polysomnographic analysis,
grade of nocturnal snoring (0: no snoring, 1: mild
snoring up to 20% of sleep time, 2: average, up to
60% sleep time, 3: severe: more than 60% of sleep
time). According to the results of polysomnography
the patients were assigned to the diagnostic categories
of either OSAS or habitual snorers.

The criteria for assignment to the group of snorers
were an apnea—hypopnea index (AHI) below 10, a
minimal O, decrease not falling below 90% and snor-
ing during polysomnography (grade 2 and 3).

Flexible rhinopharyngolaryngoscop y

Flexible rhinopharyngolaryngoscopy was performed
with the patient in a drug-induced sleep state (using
propofol) in close cooperation with the anesthesia
department. The investigator was blinded to the
group of snorers vs the OSAS group. Before adminis-
tering propofol flexible rhinopharyngolaryngoscopy
with the Miiller maneuver was carried out, with the
patient in an awakened state (2,6 di-isopropylphenol,
Disoprivane®, Zeneca Co.). This drug is normally
used to initiate narcosis by injecting a dose of 2 to 2.5
mg/kg body weight (b. wt.). For flexible rhinopharyn-
golaryngoscopy about 1.5 mg/kg/b.wt. were titrated
until the patient was asleep. Administration of the
drug was performed by an anesthetist while monitor-
ing ECG, blood pressure, oxygen saturation and
pulse. Endoscopy was conducted using a thin flexible
endoscope with a suction channel which was ad-
vanced through the nose. Each patient was endo-
scoped in two ways. First, endoscopy was carried out
in the awakened state. Here anatomic features such
as the nose, nasal pharynx, velum, uvula, base of the
tongue, larynx and hypopharynx were assessed. The
patient was prompted to snore randomly. This was
followed by the Miiller maneuver in order to identify
a potential collapsibility of the soft structures of the
neck as to location and degree. Next, endoscopy was
performed during propofol-induced sleep. After the
onset of sleep the location of airway collapsibility was
assessed once again. Furthermore, apneas, snoring
and drop in oxygen values were assessed. In particu-
lar, the two main sites of soft-structure collapse in the
upper airways—palatal and tongue base—were es-
tablished, as before during the Miiller maneuver, and
the respective collapse determined as the percentage
contraction of pharyngeal cross-section relative to the
value in the awakened state. Collapse was semi-quan-
titatively evaluated by the investigator. The estima-
tion was repeated 4 times for each location. The

average value was used for analysis. A collapsibility
of more than 80% was used as cut-off value for
differentiation  between moderate and severe
collapsibility.

RESULTS

Typical findings

Patients who fell asleep slowly after propofol admin-
istration frequently showed an initial apnea phase.
Subsequently, breathing normalized to a pattern typi-
cally found in the polysomnographic recordings as
well. Moreover, snoring during propofol-induced
sleep could be observed in 95% of patients (n = 305)
in whom nocturnal snoring had been polysomno-
graphically recorded (7 = 322). Snoring noise ap-
peared to originate from the following locations and
causes: the palatal area in 43% of patients, falling
back of the tongue base in 7%, flapping motion or
aspiration of the epiglottis during inspiration in 3%
and a combination of forms in 42%. A propensity to
obstructive apnea phases, partly in association with a
drop in oxygen saturation and explosive bursts of
snoring noise when the airways reopened, was often
observed in patients with sleep apnea during propo-
fol-induced sleep.

Patients with high AHI values exhibited a more
pronounced collapsibility at the base of the tongue.
Very frequently, a similar obstruction was addition-
ally observed in the area of the velopharynx. The
phenomenon of epiglottis aspiration or ‘“floppy
epiglottis” with inspiratory suctioning and partly
complete obstruction of the larynx was seldom noted
in our series of examined patients (1.5%) and was
identified as a co-determinant factor of obstructive
apnea phases particularly in patients with OSAS. No
ENT- or anesthesiology-related complications oc-
curred in our patients in the scope of flexible
pharyngolaryngoscopy.

Collapsibility

Collapsibility in the palatal area was significantly
higher in the group of patients with OSAS as com-
pared with the group of snorers (Mann-Whitney-U
test p: 0.01). Nearly all patients showed a collapsibil-
ity of more than 80% (Fig. 14). In the group of
snorers collapsibility was more than 80% in only 70%
of cases. A highly significant difference between the
two investigated groups was found when observing
collapsibility at the level of the tongue base (Mann-
Whitney-U test p: 0.001). In the group of OSAS
patients obstruction exceeding 80% was detected in
77% of cases (Fig. 24). In the group of habitual
snorers obstructions exceeding 80% were found in
only 40% (Fig. 2B).
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Within the group of snorers, obstruction of more
than 80% in the area of the velum and the tongue
base were found in 49 cases (23%). This proportion
of patients was distinctly larger in the group of OSAS
patients, reaching a total of 62 (52%). In the OSAS
patients there was no significant correlation between
the degree of obstruction and the AHI-values. This
applied to both the area of the velum and the base of
the tongue, with increased palatal obstruction being
more strongly associated with high AHI values here.

DISCUSSION

Specific anatomic conditions and the degree of col-
lapsibility in the area of the upper airways appear to
play a certain role in the pathogenesis of obstructive
sleep apnea (3). The assessment of collapsibility in
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Fig. 1. (A) Palatal collapsibility during nasoendoscopy in
patients with OSAS (n=117). (B) Base of the tongue
collapsibility during nasoendoscopy in patients with OSAS
(n=117).
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Fig. 2. (A) Palatal collapsibility during nasoendoscopy in
patients with rhonchopathy (n =207). (B) Base of the
tongue collapsibility during nasoendoscopy in patients with
rhonchopathy (n=207).

patients with OSAS is often used for the prediction of
outcome after uvulopalatopharyngoplasty (UPPP).

Patients with retroglossal collapsibility are ex-
cluded from UPPP (4). It has been shown, however,
that prediction of treatment results after surgical
intervention is only possible to a limited extent and is
determined not only by anatomic factors (5, 6). Prog-
nostic certainty can be improved somewhat by taking
a number of factors into account, e.g. cephalometric
findings, among others (5).

The reports available to date on endoscopic find-
ings acquired during sleep are not in uniform agree-
ment. Increased collapsibility of the pharyngeal walls,
both retrolingually and in the palatal area, was
demonstrated in children with sleep apnea syndrome
as compared with healthy children (7). Using drug-in-
duced sleep endoscopy Marais failed to produce snor-
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ing in nearly 20% of cases, while induced snoring was
recorded in 45% of a control group of non-snorers
(8). During sleep nasendoscopy in snorers Quinn et
al. located the main source of noise production in the
palatal area in 70% of cases (9). Comparative investi-
gations on collapsibility between snorers and healthy
subjects showed increased collapsibility in snorers at
the level of the palate, yet no differences at the level
of the base of the tongue (10). So the different results
at the level of the base of the tongue could be
interpreted as an effect of the drug-induced sleep
procedure. Compared with patients with OSAS the
endoscopic examination of patients with an isolated
snoring disorder appears to be better able to predict
the prognosis for UPPP treatment (11). In the latter
case only patients who showed isolated palatal snor-
ing during endoscopy were operated on.

Our results demonstrate that the degree of upper
airway collapsibility is more pronounced in patients
with OSAS than in snorers. The difference between
the two groups is especially marked at the tongue
base level. The strong collapse tendency at the level
of the tongue base in OSAS patients could explain
the comparatively poor treatment results achieved
with UPPP in these patients. However, OSAS pa-
tients also show a stronger collapsibility at the palatal
level than snorers. Thus, it can be assumed that upper
airway collapsibility is generally more pronounced in
OSAS patients than in snorers. There was a trend
towards correlation of obstruction in OSAS patients
with the AHI value, which, however, did not attain
statistical significance. This again merely reconfirms
the limited significance of collapsibility in the patho-
genesis of obstructive sleep apnea.

In snoring patients a relevant obstruction in the
tongue-base area is often found as well. Therefore,
the indication for UPPP in snorers should be judged
very discriminatingly, because ultimately about 40%
of snoring patients exhibit a relevant obstruction in
the tongue-base area.

Drug-induced sleep is basically not a natural form
of sleep, but the endoscopic investigation is straight-
forward and safe to conduct in all patients, whereas
endoscopic investigations during natural sleep are not
well tolerated by many patients. Compared with
cephalometric investigations and the Miiller maneu-
ver application of the endoscopic examination tech-
nique during drug-induced sleep allows a direct and
longer-lasting assessment of the dynamic processes in
the upper airways. A study comparing endoscopic
findings during natural sleep with those obtained
during drug-induced sleep yielded basic agreement as
to the location of collapse (9). Determination of the
location and degree of obstruction can also be
achieved by direct pressure measurements. With pres-

sure measurements in patients with OSAS most pa-
tients showed obstructions in different areas of the
upper airway (12).

Various methods such as CT, MRI, cephalometry,
esophageal pressure measurement probes and the
Miiller maneuver have been implemented to assess
the location and degree of obstruction respiratory
collapse. Endoscopic assessment of the upper airways
during drug-induced sleep has been known for quite
some time (13). The advantage of endoscopic exami-
nation in drug-induced sleep lies in the possibility of
being able to directly assess the conditions prevailing
at various locations within the upper airways. In
contrast with examinations conducted during natural
sleep, which are not tolerated by all patients, en-
doscopy during drug-induced sleep can usually be
performed in all patients. The present investigation
also shows that—because of the often complex pat-
terns of obstruction—clear recommendations for sur-
gical treatment can be derived from endoscopic
assessment only in individual cases. There is still
controversy over whether and which endoscopic pro-
cedure to use in the diagnostic work-up of snorers
and OSAS patients. In ongoing prospective studies
we are investigating the value of the collapsibility at
the level of the base of the tongue as a predictor of
the outcome of uvulopalatopharyngoplast y and other
therapies in snorers. The value of endoscopy during
drug-induced sleep remains to be evaluated.
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