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Relation between CT Axial Cross-sectional Area of the Oropharynx
and Obstructive Sleep Apnea Syndrome in Adults

Elieser Avrahami and Moshe Englender

PURPOSE: To look for correlation between obstructive sleep apnea syndrome (OSAS) and axial
cross-sectional area of the narrowed oropharyngeal lumen. METHODS: Thirty-six men with OSAS
and 10 control subjects underwent polysomnography with registration of oxygen saturation and
number of sleep apnea episodes and their duration. Nine of them underwent uvulopalatopharyn-
goplasty and repeated polysomnography. Each polysomnography was followed by high-resolution
CT scan with reconstructions in sagittal and coronal planes. Measurements of the axial cross-
sectional area of the oropharyngeal lumen were taken at the level of the narrowing. RESULTS:
Twenty-seven patients with severe OSAS (high number and prolonged episodes of OSAS and 22%
or greater decrease in oxygen saturation) had a narrowed oropharyngeal cross-sectional area less
than 50 mm? wide. The control subjects and 6 patients who had uvulopalatopharyngoplasty
without OSAS had a minimal pharyngeal cross-sectional area of 110 mm?. Eight patients with
moderate OSAS and 3 patients who had uvulopalatopharyngoplasty and diagnoses of OSAS
had intermediate values of the narrowest pharyngeal level—between 60 mm? and 100 mm?Z.
CONCLUSION: The measurement of the axial cross-sectional area of the pharyngeal lumen can
play an important role in evaluation of OSAS and indications for surgery.

Index terms: Pharynx, computed tomography; Pharynx, abnormalities and anomalies; Sleep

studies; Neck, surgery
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Patients with obstructive sleep apnea syn-
drome (OSAS) have narrowing in the orophar-
ynx, usually at the level of the uvula-soft palate
complex or the base of the tongue (1, 2). Less
frequently, tonsillar hypertrophy, Pickwickian
syndrome, pharyngeal tumors, macrognathia,
micrognathia, and central nervous system dis-
turbances may cause OSAS (3-9).

Several clinical symptoms such as somno-
lence, snoring, apnea episodes during sleep,
tiredness, daytime hypersomnolence, head-
ache, nocturnal enuresis, impotence, de-
creased intelligence, hallucinations, and car-
diovascular disturbances are present in OSAS.
Different modalities, such as polysomnogra-
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phy, fiberoptic endoscopy, fluoroscopy, and
computed tomography (CT), are used in the
diagnosis and evaluation of OSAS (10-16).
Diagnosis of OSAS may be difficult in the
presence of so many diagnostic procedures.
This problem can be even more complicated
in choosing the best surgical procedure in
each case.

Uvulopalatopharyngoplasty is the procedure
of choice for patients with uvulopalatinal nar-
rowing. It is the procedure used to treat pa-
tients with snoring and OSAS. It consists
mainly of the surgical removal of the tonsils
and a part of the soft palate with the aim to
enlarge the pharyngeal airway. Tonsillar hy-
pertrophy requires tonsillectomy. Patients with
narrowing at the level of the base of the
tongue can be referred for maxillomandibular
advancement surgery (17-23). Conversely,
only patients with severe OSAS are referred
for surgery.

The measurements of the axial oropharyn-
geal cross-sectional area may be important.
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Materials and Methods

Thirty-six men, from 19 to 61 years old, were diagnosed
as having OSAS. The diagnosis was established by poly-
somnography, based on apneic episodes during sleep with
a duration of 10 seconds or more. In every patient, the
polysomnography was followed by CT examination.

Nine of the patients with severe OSAS underwent laser-
assisted uvulopalatopharyngoplasty, repeated polysom-
nography, and CT scan. Two other patients with severe
OSAS underwent tonsillectomy. Ten adult male volunteers
without OSAS (including the authors) underwent poly-
somnography and CT. Altogether 55 polysomnographies
and 55 CT scans were performed, as follows (each poly-
somnography was followed by a CT scan):

Number of patients with OSAS 36

Control subjects 10

Total patients 46

Repeated polysomnographies in 9 patients after 9
uvulopalatopharyngoplasty

Total polysomnographies 55

Attention was focused on three polysomnography pa-
rameters: number of nocturnal apneic episodes and their
duration, and the maximal drop in oxygen saturation. For
better illustration of the significance of the findings, the
OSAS factor was created from the ratio of the average
number of apneic episodes per hour multiplied by their
average duration per hour. For example, 150 apneic epi-
sodes in 6 hours of polysomnography equals 25 apneic
episodes per hour; 25 X 40 seconds average duration of
each episode equals an OSAS index of 1000.

The measurements of the oxygen saturation were per-
formed with the Pulsoxymeter OHMEDA BIOX 3740. The
percentage in the drop of the maximal to the minimal
oxygden saturation was registered. For example, if the max-
imal oxygen saturation measured in a patient is 98 and the
minimal 76, the drop is 22%.

High-resolution CT examinations of the pharynx were
performed using an Elscint 2400 Elite machine. All scans
were performed with patient in supine position to prevent
overextension of the neck, which may narrow the pharyn-
geal airway. The patients were advised to be quiet and not
to breathe or swallow during the scans. The gantry was
tilted parallel to the intervertebral spaces C1-2 and C2-3 to
standardize the examinations and to avoid cases with in-
valid calculations of the cross-sectional areas of the phar-
ynx if the angles of each section were different. In all CT
scans, the axial sections ranged from 10 mm above C-1 to
intervertebral space C4-5. Consecutive axial sections were
obtained with 1,2-mm width and 1-mm increments, fol-
lowed by sagittal and coronal reconstruction. The com-
puter window of the axial sections was set to 500 HU width
and baseline 30 HU. The images were photographed by
multiimager Formax Elscint EC4 with a film divided into
16 exposures. The computer zoom was set to 3.05 until 1
cm of the computer scale became equal to 1 real centi-
meter in the photographed image. Then, using a transpar-
ent grid with square millimeters, the axial cross-sectional
area of the oropharyngeal lumen was measured on the
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Fig 1. Overlay procedure of the measurements of the axial
cross-sectional area of the oropharynx.

section showing the maximal luminar narrowing (Fig 1).
The use of the transparent millimeter grid was necessary
because the computer grids, which are marked in centi-
meters, are insufficient for accurate measurements. In all
of the patients, measurements of a minimum of 10 sec-
tions taken at the uvulopalatine level and at the level of the
base of the tongue were performed. Only the lowest levels
were used for the study. Statistical analysis of the mea-
surements was performed using t test.

Nine patients underwent uvulopalatopharyngoplasty
using CO,, laser SHAR PLAN 1030.

Results

Twenty-eight patients (group 1, Table 1)
were diagnosed by polysomnography as having
severe OSAS. The diagnosis was based on 42 to
63 incidents of sleep apnea per hour (average,
49). The duration of each apnea episode ranged
from 32 to 190 seconds (average OSAS factor,
1718; P < .025). The oxygen saturation

TABLE 1: Thirty-six patients with OSAS

Number Narrowing Narrowing
Uvulopalatinal  at Level Caused by
of . .
) Narrowing  of Base of  Tonsillar
Patients
Tongue  Hypertrophy
Group 1
Severe 28 14 12 2
OSAS
Group 2
Moderate 8 4 4
OSAS
Total 36 18 16 2
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TABLE 2: Polysomnography in 36 patients with OSAS

Average Average Average
Number g Number of R g Average
Drop in Duration of
of Sleep OSAS
) Oxygen Sleep
Patients Saturation Apnea Apneas. s Factor
Episodes/hr P !
Group 1
Severe OSAS 28 24 53 49 1718
Group 2
Moderate OSAS 8 11 29 23 763

dropped from 20% to 29% (average, 24%; P <
.05). The minimal oropharyngeal axial cross-
sectional area ranged from 14 to 48 mm?, ex-
cept in one patient with a 52-mm? minimal oro-
pharzyngeal cross-sectional area (average 37
mm<) (Tables 2-4).

Fourteen patients in group 1 had uvulopala-
tinal narrowing of the oropharynx at level C-2
vertebra (Fig 2). The boundaries of the nar-
rowed oropharyngeal area were as follows: (a)
anterior—uvulopalate; (b) posterior—the pos-
terior wall of the oropharynx; and (c) lateral—
the pharyngeal wall and the tonsils. Nine pa-

TABLE 3: Measurements of the minimal axial cross-sectional area
of the pharynx

Minimal
Axial
Number of Cross- Average of the
Patients sectional Measurements, P
(N = 46) Area in the mm?
Pharynx,
mm?
Group 1
Severe OSAS 28 14-52 37 <.05
Group 2
Moderate 8 63-95 73 *
OSAS
Control subjects
No OSAS 10 110-402 174 T

* P < .05 together with 3 patients after uvulopalatopharyngo-
plasty.

1 P < .05 together with 6 cured patients after uvulopalatopharyn-
goplasty.

TABLE 4: Patients after uvulopalatopharyngoplasty

tients underwent laser-assisted uvulopalato-
pharyngoplasty (Table 1). Repeated polysom-
nograms showed 6 of them as cured. CT scans
demonstrated open oropharynx with minimal
measurements at the level of the previous nar-
rowing 115 to 387 mm? (Table 4). The poly-
somnograms in the remaining 3 patients after
uvulopalatopharyngoplasty still showed moder-
ate OSAS. Oxygen saturation was lowered to
8% to 12% (average, 10%). The number of ap-
nea incidences per hour ranged from 25 to 33
(average, 28) with duration from 14 to 35 sec-
onds (average, 24 seconds). The measure-
ments of the minimal axial cross-sectional area
of the oropharynx was 68 to 89 mm? (Tables
2-4). Eight patients in group 2 were also diag-
nosed as having moderate OSAS, but they did
not have surgery (Table 1). They had a maxi-
mal drop in the oxygen saturation during sleep
apnea episodes from 8% to 14% (average,
11%). The sleep apnea episodes ranged from
22 to 39 per hour (average, 29) with a duration
of 13 to 38 seconds (average, 23 seconds). The
narrowest oropharyngeal axial cross-sectional
area ranged from 63 to 95 mm? in all of the
patients (Tables 2-4).

Ten control patients had values from 110 to
402 mm? (average, 174) (Tables 1-4) (Fig 3).

CT coronal reconstruction of the pharynx
demonstrated well the tonsillar hypertrophy in
two patients in group 1 (Fig 4). They under-

Minimal Axial Average Average Average
Number of . Drop in . Average
. Cross-sectional Number of Duration of
Patients ) Oxygen OSAS
(N =9) Area in the Saturation Sleep Apnea Sleep Factor
Pharynx, mm? % ! Episodes/hr Apnea, s
(]
Cured patients 6 115-387 . o . R
Patients with 3 68-89 10 28 24 736

moderate OSAS
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Fig 2. 42-year-old man.

A, Severe OSAS. Axial CT at level of C-2
vertebra. The narrowest oropharyngeal
cross-sectional area is less than 50 mm?.

B, Sagittal CT reconstruction. Uvulopala-
tinal narrowing (arrow).

C, After uvulopalatopharyngoplasty. No
OSAS. Axial CT at the narrowest oropharyn-
geal level. The oropharyngeal cross-sec-
tional area is more than 100 mm?.

D, Sagittal CT reconstruction after uvu-
lopalatopharyngoplasty. No narrowing of
the pharynx.

B

went tonsillectomy with excellent clinical
improvement.

In the remaining 16 patients (12 in group 1
and 4 in group 2), the smallest cross-sectional
area was at the level of the base of the tongue.
CT sagittal reconstruction demonstrated nar-
rowing of the oropharynx at level C-3 vertebra
and the base of the tongue. In two patients this
condition was combined with uvulopalatinal
narrowing (Fig 5).

Fig 3. A 31-year-old male volunteer. No OSAS. Sagittal CT
reconstruction. No narrowing of the pharynx.
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Discussion

OSAS is a complex disorder characterized by
apneic episodes during sleep. The cessation of
breathing can last from as little as 10 seconds to
several minutes. During these episodes of sleep
apnea physiologic alteration may occur, such
as increase in arterial blood pressure, increase
in pulmonary arterial pressure, hypoxemia, and
respiratory acidosis (5, 14). It is reported that
CT can guide the therapeutic considerations.

However, CT scans were reported to be
performed with 10-mm-thick sections using
older generations of scanners (13, 14). Axial
cross-sectional area measurements were not
performed.

The progress in CT technology allowed us to
obtain high resolution 1,2-mm-thick sections.
The setting of computer window and zoom fac-
tor ensured high accuracy in measurements.

Fig 4. A 14-year-old boy with severe OSAS. Coronal CT re-
construction. Pharyngeal narrowing caused by tonsillar hypertro-
phy (arrow).
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Fig 5. A 31-year-old man with severe OSAS. Sagittal CT re-
construction. Double narrowing of the oropharynx: higher uvulo-
palatinal and lower base of tongue (arrows).

In adult men there is correlation between the
minimum axial cross-sectional area of the oro-
pharyngeal lumen in axial plane and three pa-
rameters: oxydgen saturation and number and
duration of apnea episodes. All 28 patients
(group 1) with severe OSAS, except 1 patient,
had minimal oropharyngeal axial cross-
sectional area measurements less than 52
mm?. The maximal drop in oxygen saturation
during sleep apnea episodes was 20% or
greater. The OSAS factor in patients with severe
OSAS incorporated the number and duration of
the sleep apnea episodes. Its average value was
1718 (statistically significant).

Ten volunteers and six patients who had uvu-
lopalatopharyngoplasty did not have OSAS.
Their minimal oropharyngeal axial cross-sec-
tional area measurement was greater than 100
mm?.

Eight patients of group 2 and 3 patients who
had uvulopalatopharyngoplasty and moderate
OSAS had the narrowest oropharyngeal axial
cross-sectional area, between 60 mm~ and 100
mm?. The maximal drop in the oxygen satura-
tion did not exceed 14%. Their average OSAS
factor also had intermediate values.

We believe that the measurements of the
minimal oropharyngeal axial cross-sectional
area by modern CT technique correlates with
the oxygen saturation and the number and du-
ration of the sleep apnea episodes and that it
can be used as a guide for the evaluation of their
severity before and after surgery. Coronal CT
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reconstruction demonstrates tonsillar hypertro-
phy well. Sagittal reconstruction can demon-
strate the narrowing at the level of the uvulo-
palatinal complex and at the base of the tongue.
The CT reconstruction can be important when
there are difficulties in deciding which is the
procedure of choice. Uvulopalatopharyngo-
plasty should be the choice when there is only
uvulopalatinal narrowing.

Patients with greater narrowing (base of
tongue) may be candidates for surgical proce-
dures other than uvulopalatopharyngoplasty.
Also, patients with more than one location of
pharyngeal narrowing would not be referred for
this procedure.

The CT reconstruction is a nonaggressive
technique for demonstrating the location of the
pharyngeal narrowing.
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