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Obstructive Sleep-Related Breathing Disorders in
Patients Evaluated for Bariatric Surgery
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Background: Obesity is a well known risk factor for
obstructive sleep apnea (OSA). Medical therapy is not
effective for morhid ohesity. Bariatric surgery is
therefore a reasonable option for weight reduction for
patients with clinically severe obesity. Unrecognized
OSA, especially in those patients receiving abdomi-
nal surgery, has influenced perioperative morbidity
and morality. The incidence of OSA for patients being
evaluated for bariatric surgery has not been previ-
ously defined.

Methods: 40 consecutive patients being evaluated
for bariatric surgery were examined with a history,
physical examination and laboratory daia.
Polysomnography (PSG) was conducted in all
patients regardless of symptoms.

Results: An obstructive sleep-related breathing dis-
order {OSRBD) was present in 88% of the patients.
OSA was present in 29 of 41 (71%) and upper airway
resistance syndrome {UARS) in 7 of 41 {17%). The
mean low oxygen desaturation was 84% and continu-
ous positive airway pressure {CPAP) was 10 cm H,0
pressure. The majority of the patients were women
and mean BMI was 47 kag/m2. Patient characteristics
failed to predict the severity of OSRBD.

Conclusions: This population of clinically severe
ohese patienis being evaluated for bariatric surgery
had an 88% incidence of an OSRBD, 71% with OSA.
Appropriate therapy with CPAP perioperatively would
theoretically prevent hypoxic complications associat-
ed with OSRBD. Providers should have a low thresh-
old for ordering a PSG as part of the preoperative
evaluation for bariatric surgery. Empiric CPAP at 10
cm H,0 should be considered for those patients who
cannot complete a PSG before surgery.

Presented as a poster at the Annual Meeting of the American
Thoracic Society, Toronto, Canada, May 5-10, 2002,

Reprint requests to: William C. Frey, MD, Dept. of Pulmonary,
Critical Care and Sleep Medicine, Brooke Army Medical Center,
3851 Hoger Brocke Dr., Fort Sam Houston, TX 78234, USA.
Fax: 210-916-0709; e-mail: william.c.frey @us.army.mil

The opinions expressed herein are those of the authors and
should not to be construed as offictal or reflecting the policy of
either the Depariment of the Army or Depariment of Defense.

676 Obesity Surgery, 13, 2003

Key words: Morbid obesity, bariatric surgery, gastric
bypass, obstructive sleep apnea syndromes

Introduction

The obstructive sleep apnea-hypopnea syndrome
(OSA) is a disorder characterized by repetitive par-
tial or complete obstruction of the upper airway,
often with associated oxygen desaturations and
arousals from sleep. The classic daytime manifesta-
tions of OSA arise from fragmented sleep and
include excessive daytime sleepiness (EDS) and
decreased concentration. The patient or people
familiar with the patient’s sleep may report cessa-
tion of breathing, choking, gasping, frequent awak-
enings and unrefreshing sleep. Features associated
with OSA include snoring, systemic and pulmonary
hypertension, nocturnal angina, sleep-related car-

“diac dysrhythmias, gastroesophageal reflux, insom-

nia and impaired quality of life.! Upper airway
resistance syndrome (UARS) shares the daytime
symptoms with OSA, but patients do not have
apneas or hypopneas on polysomnography (PSG).
UARS patients have respiratory effort-related
arousals (RERA) or a pattern of progressively nega-
tive intrathoracic pressure, terminating in an arousal
from sleep.? OSA and UARS are the obstructive
sleep-related breathing disorders (OSRBD). Other
sleep-related breathing disorders include central
sleep apnea syndrome, central alveolar hypoventila-
tion syndrome, primary snoring, altitude insomnia,
sleep-related laryngospasm, sleep choking syn-
drome and sleep disorders associated with other
medical conditions such as asthma and chronic
obstructive pulmonary disease.® The incidence of
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OSA in the United States has been estimated at 2%
of women and 4% of men. The incidence of asymp-
tomatic OSRBD has been estimated at 9% of
women and 24% of men.*

The three most common sleep-related breathing
disorders in obese patients are snoring, OSA and the
obesity hypoventilation syndrome.’

Clinically severe obesity is defined as a body
mass index (BMI) >40 kg/m? or a BMI 35-40 kg/m?
with comorbid conditions such as cardiopulmonary
disease, diabetes and “obesity-induced physical
problems that interfere with lifestyle”.® Overall, the
population of patients with a BMI >40 kg/m?* is
growing.” The National Health and Nutrition
Exarnination Survey (NHANES) III reported that
between the years 1988-1994, 2.9% of aduits were
extremely obese (BMI >40 kg/m?). NHANES
1999-2000 revealed that the extremely obese popu-
lation had increased by 1.8% to 4.7%. Subgroup
analysis of the 1999-2000 survey revealed that non-
Hispanic black women had the highest prevalence
of extreme obesity, 15.1%.

Obesity is a well known risk factor for OSA.%?
Medical therapy for morbid obesity is usually inef-
fective.S Bariatric surgery for patients who fail med-
ical therapy has been found to be effective and to
decrease morbidity and mortality.51%1 Thus,
bariatric surgery is becoming more frequent for the
treatment of obesity. OSA has the potential risk of
increasing perioperative morbidity and mortality
based on the relationship between obesity and OSA.
The incidence of OSRBD has not been previously
described for patients undergoing evaluation for
bariatric surgery.

Methods

Patients were enrolled between February 1996 and
June 1999 and included 40 consecutive outpatients
being evaluated for bariatric surgery and one patient
that had a postoperative ambulatory inpatient PSG
at Wilford Hall Medical Center (WHMC). A total of
38 patients were referred to the WHMC Sleep
Disorders Center for a comprehensive evaluation.
The comprehensive evaluation included a detailed
sleep questionnaire describing sleep schedule and
hygiene, screening for insomnia, movement disor-
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ders, parasomnias, excessive sleepiness, and respi-
ratory patterns during sleep. The questionnaire also .
covered general medical and surgical history, fami-
ly and psychological history, medications, and
social history to include use of alcohol and tobacco.
Patients were encouraged to complete the question-
naire with someone who was familiar with their
sleeping patterns. A clinic visit included a physician
sleep specialist’s review of the questionnaire with
additional history taken as necessary, a physical
examination, and laboratory work (thyroid-stimulat-
ing hormone level in all, other lab studies ordered at
physician’s discretion). The clinic visit also includ-
ed patient education on what to expect from their
sleep lab experience and PSG. Two patients
received a PSG at another institution and only a
summary report was available for interpretation.
The one postoperative patient was evaluated by the
sleep inpatient service, and a physician sleep spe-
cialist interpreted the PSG.

The patients receiving a comprehensive evalua-
tion underwent a diagnostic protocol PSG (Table 1)

- at the WHMC sleep laboratory. PSG recordings

were conducted in the standard fashion'? and
included: electroencephalogram (EEG), electrocar-
diogram (ECG), submental, intercostal and pretibial
electromyography (EMG), electrooculogram (EOC),
and pulse oximetry. Respiratory effort was meas-

sle 1. WHMC Diagnostic Protocol
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ured with thoracic and abdominal inductance
plethysmography. Airflow was measured with a
nasal thermistor. A microphone detected snoring.
All studies were conducted overnight under the
supervision of a sleep technician. If the patient met
diagnostic criteria for continuous positive airway
pressure (CPAP) during the initial PSG, the techni-
cian titrated CPAP during the remainder of the study
(split-night PSG). Patients with OSRBD that did not
have an adequate CPAP titration during the split-
night study were invited back for a second PSG for
repeat CPAP titration. Patients with OSRBD that
did not fulfill the diagnostic criteria for a split-night
study on the initial PSG were also invited back for a
PSG with CPAP titration.

A Technician scored and a Board Certified

Physician Sleep Specialist reviewed and interpreted

all PSGs. Scoring was by standard procedure.’?

OSA was defined as an apnea-hypopnea index

(AHI) of =5 per hour. Severity of OSA was classi-
fied as mild (AHI 5-15/hour), moderate (AHI 16-30
per hour) and severe (AHI >30 per hour).! UARS

was defined as an AHI <5 per hour, an Epworth

Sleepiness Scale (Epworth)!® >8 of 24 (a measure of
EDS), an arousal index (ARI) 210 per hour, and the
arousals were associated with increasing respiratory
effort by intercostal EMG or crescendo snoring.
Patients with UARS did not have another diagnosis
that would account for the EDS. This definition of
UARS differs from Guilleminaunlt’s? original study
by not using an esophageal manometer to measure
respiratory effort. Optimal CPAP was determined
by the physician sleep specialist interpreting the
PSG and was documented in the PSG summary. All
patients were invited back to the Sleep Disorders
Center for a follow-up clinic visit to discuss the PSG
results and prescribe CPAP when indicated.

Results

The majority of the patients were women, 34 of 41
(83%). The mean age of the women was 43 years
and for the men 50 years old. The average BMI for
men and women was similar, 47 kg/m? (range 41-58
kg/m?) and 48 kg/m? (range 37-58 kg/m?) respec-
tively. Systemic hypertension was present in 49% of
the patients, all of the men and 41% of the women.
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Physical examination included the Mallampati air-
way classification for 24 patients with a mean of 3
(range 1 to 4). Hypothyroidism was not detected in
the 39 patients evaluated at WHMC. The serum
bicarbonate level mean was 27 for 34 patients. None
of the patients had an elevated bicarbonate level to
suggest compensation for chronic hypercarbia or
hypoventilation. The Epworth mean was 13 (range
8-18) for seven of eight men and 11 (range 2-22) for
31 of 35 women who completed the questionnaire.
The patient population is characterized in Table 2.

An OSRBD was evident in 36 of 41 patients
(88%). The majority of the OSRBD was OSA, 20 of
41 (71%). UARS was present in 7 of 41 patients
(17%). All patients were snorers and five of 41
patients (12%) had normal PSGs. All the men stud-
ied had OSRBD, six (86%) with OSA and one
(14%) with UARS. OSRBD was present in 29 of 34
women (85%), 23 with OSA (68%) and six with
UARS (18%). Table 3 includes the results from the
PSGs.
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For patients with OSA, the severity was mild in 11
of 29 (38%), moderate in 12 of 29 (41%) and severe
in 6 of 29 (21%). Figures 1, 2 and 3 reveal that the
severity of OSA did not correlate with the BMI, the
Epworth or the Mallampati airway classification.
The patients with OSA had a mean total AHI of 23
per hour (range 5-75) and a mean low oxyhemoglo-
bin saturation of 84% (range 63-94%). The mean
arousal index was 32 per hour (range 7-97) and the
mean Epworth was 11 (range 2-22). The mean AHI
in the six men with OSA was 22 per hour (range 6-
75) with a mean low oxyhemoglobin desaturation of
79% (range 68-94%). The mean AHI of the 23
women with OSA was 16 per hour (range 5-67)
with a mean low oxyhemoglobin desaturation of
83% (range 63-92%).

The six women and one man with UARS had a
mean total AHI of 3 per hour (range 2-4). These

patients, however, did have an increase in SRBD -

during Rapid Eye Movement sleep (REM) with a
mean REM AHI of 9 per hour (range 0-16). These
patients had a mean low oxyhemoglobin saturation
of 84% (range 80-89%), mean ARI of 17 per hour
(range 11-30) and a mean Epworth 11 (range 8-18).

Electrocardiogram evalvation was unremarkable
in 37/38 (97%) of patients studied with a diagnostic
protocol PSG. One woman with UARS had frequent
premature ventricular contractions.

An adequate CPAP titration was performed in 23
of the 36 patients with OSRBD with an average
CPAP of 10 cm H,0 (range 5-14). CPAP titration
for 13 patients was accomplished during a split-
night study. The remaining 10 patients required a

second night CPAP titration. Two patients did not -

tolerate CPAP during their overnight titration during
a split-night study. They were encouraged to return
to the Sleep Laboratory for daytime “desensitiza-
tion” to CPAP before a second night titration, but
declined the invitation. The other 11 patients were
encouraged to return for repeat CPAP titration, but
failed to comply with these recommendations.
Although the majority of the patients underwent a
diagnostic protocol PSG, three other patients had
alternative evaluations. OSA was diagnosed in two
women having a sleep evaluation at another facility.
The first patient had severe OSA with an AHI of 47
per hour and low oxyhemoglobin saturation of 81%.
The other patient had moderate OSA with an AHI of
26 per hour and a low oxyhemoglobin saturation of
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Relationship Between Apnea-Hypopnea Index and
8MI in Patients with OSA
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Figure 1. Solid lines indicate cutoff for OSA severity clas-
sification: Apnea-hypopnea index = 5/hr - 15/hr, mild; =
15/hr - 30/hr, moderate; = 30/hr, severe.

Relationship Between the Epworth Sleepiness

Scale and AHI
24 -
* |
20 ‘I
o le I . . .
= H
E ‘e T et & . *
12 1-» + -
A M A !
wog * .
+— +*
4 -+
- *
o]
0 10 20 30 40 50 60 70 80°

Apnea-Hypopnea Inde

Figure 2. An Epworth = 8 is consistent with excessive
daytime somnolence.’® An Epworth and AHI was avail-
able for 34 patients.

Relationship Between the Mallampati Airway
Classlification and AHI
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Figure 3. Mallampati airway classification and ARl was
available for 24 patients.

84%. The woman evaluated with a postoperative
ambulatory study also had moderate OSA with an
AHI of 17 and 2 low oxyhemoglobin saturation of
71%. This patient was started on CPAP at an empir-
ic level of 12 cm H,0O.

Although five patients had a normal PSG and did
not have excessive daytime somnolence, three of the
five had transient oxyhemoglobin desaturations
below 90% with a range from 74% to 88%.
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Discussion

Obesity is a well-known risk factor for OSRBD.
Qur bariatric surgery patient population with an
average BMI of 47 kg/m? had a very high incidence
of OSRBD (88%). The majority (71%) of these
patients had OSA with a mean low oxyhemoglobin
saturation of 84%. Even the patients that did not
meet criteria for OSA, but had UARS, had a low
oxyhemoglobin saturation of 84%. Transient noc-
turnal oxyhemoglobin desaturations occurred in
three of five patients with a normal PSG.
Hemodynamic complication in the postoperative
period can lead to significant morbidity and mortal-
ity. The acute hemodynamic consequences of OSA
include arrhythmias, systemic hypertension, pul-
monary hypertension and decrease in cardiac out-
put. The most common cardiac arrhythmia is a
cyclic bradytacharrhythmia that is present in 80% of
patients with OSA. The degree of bradycardia is
proportional to the level of oxygen desaturation and
occurs during the initial portion of the apnea.

Bradycardia is secondary to an increase in vagal

parasympathetic tone and can be prevented with
atropine or supplemental oxygen.'*!* The brady-
tacharrhythmias are so common that they are typi-
cally not commented upon by the PSG technician or
the sleep specialist reviewing the PSG at our institu-
tion.

In 400 patients evaluated for cardiac arrhythmias
associated with OSA, 20% had frequent premature
ventricular contractions (more than 2 per minute)
and 4% had ventricular tachycardia. In that same
patient population, sinus arrest (2.5 to 13 second

pauses) occurred in 11%. Sudden death is a rare but

documented complication of OSA.!¢ Block et al'’
reported three patients that developed heart block
after bariatric surgery. All three patients were diag-
nosed with OSA. For two of these patients, OSA
was a new perioperative diagnosis. The hemody-
namic manifestations and cardiac arrhythmias of
OSA often resolve with appropriate therapy in an
otherwise structurally normal heart.’® Our popula-
tion had only one patient with frequent premature
ventricular contractions (PVCs), defined as more
than 6 PVCs per minute.

Bariatric surgery is a safe and effective therapy for
the treatment for clinically severe obesity. In 1992,
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Mason et al'® reported the 5-year experience of

complications and postoperative hospital stay from
the National Bariatric Surgery Registry. Only five
deaths in 5,178 patients were reported. There were
no postoperative complications in 89.7% of the
patients. The median length of hospital stay in
uncomplicated patients was 4 days. The most com-
mon complication was “respiratory” occurring in
4.47% with a median postoperative stay of 6 days
(range 2-23 days). The specifics of the respiratory
complications were not detailed. One patient had
fatal pulmonary embolism and was reported sepa-
rately from the other respiratory complications. It is
conceivable that postoperative desaturations associ-
ated with OSA would be considered a postoperative
respiratory complication.

The incidence of OSRBD for patients being eval-
nated for bariatric surgery has not been clearly doc-
umented. In 1991, Rajala et al'® published a study
examining the breathing disturbances during sleep
of morbidly obese patients. Their results from 27
patients revealed OSA in 40.7%. OSA was docu-
mented in10 of 13 men (76.9%) and 1 of 14 women
(7.1%). The lower incidence of OSA may be
explained by the length and timing of PSG (a day-
time 90 minute study) and OSA definition (an oxy-
gen desaturation index of 210 per hour rather than
AHI). In 1998, Dominguez-Cherit et al*® reported
on the anesthetic preoperative evaluation of 37
bariatric surgery patients. Of these patients, eight
had PSGs and six were diagnosed with OSA (diag-
nostic criteria not reported). In 1999, van Boxem et
al?! reported a lower incidence of sleep-disordered
breathing for patients referred from the Dutch
Obesity Center for potential gastric banding. The
incidence of OSA (AHI >5) was 19 of 48 (40%). A
significant limitation to the study was that the
portable PSG data recorder {Eden Trace®, 1I
Recording System) did not include EEG, EOG and
chin EMG. These PSG components are recom-
mended as part of the minimum monitoring for PSG
to evaluate SRBD.?? More recently, Valencia-Flores
et al* reported a high incidence of OSA for patients
followed at the Obesity Clinic of the National
Institute of Nutrition Salvador Zubrian (Mexico
City). Patients referred for PSG included 52 “mor-
bidly” obese patient with an average BMI of 51
kg/m? and symptoms of snoring and excessive day-
time somnolence. Daytime hypercapnia was present



in 23% of these patients. A very high incidence of
this cohort, 51 of 52 patients (98%), had an AHI 2
5/hr. Cardiac abnormalities were present in 31% of
the patients. Patients with an AHI 265 or oxygen
desaturations below 65% had a higher incidence of
cardiac abnormalities. This study described a differ-
ent population of severely obese patients than our
population, because it included patients with day-
time hypercarbia (Pickwickian syndrome®) and did
not mention if the patients were being evaluated for
bariatric surgery. The very high incidence of OSA
may be secondary to a selection bias. The patients
were required to have symptoms of daytime sleepi-
ness and snoring for entry into the study. Our study

reveals a high incidence of OSRBD for patients -

being evaluated for bariatric surgery, with and with-
out symptoms consistent with OSRBD.

Sleep is divided into two distinct forms, REM and
non-REM (NREM) sleep. The most striking differ-
ence beiween REM and NREM is that REM is asso-
ciated with muscle hypotonia or atonia in all mus-
cles except extraocular muscles and the
diaphragm.?* The hypoxic ventilatory response and
the arousal threshold in response to hypoxia are
both decreased in REM.?* Especially in obese
patients, REM sleep is associated with apnea pro-
longation and severe oxygen desaturation secondary
to decreased lung volumes and loss of chest wall
muscle tone. These deep desaturations may have
significant cardiovascular consequences.’?3% The
REM AHI was not only elevated in the OSA group,
but also in the UARS patients. The majority of the
desaturations in the UARS subset as well as the
patients with normal PSGs occurred during REM.

The initial postoperative period is characterized
by sleep deprivation and decreased or absent REM.
Knill et al*’ reported the sleep stage patterns in
patients undergoing abdominal surgery, cholecys-
tectomy and gastroplasty. The gastroplasty patients
had significant REM suppression on the operative
day through postoperative day 2. On postoperative
day 4, the gastroplasty patients had an increase
density and duration of REM or REM “rebound”.
REM rebound in the late postoperative period is
associated with an increase in the number of oxyhe-
moglobin desaturation,?® suggesting more apneas
and hypopneas. The National Registry'® reported
that the median postoperative stay in the hospital
was 4 days. With REM rebound occurring around
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this time, it is possible for the patients with unrec-
ognized OSRBD to have severe hypoxic complica-
tions while at home and not in a monitored setting.

Narcotics are commonly used for analgesia in the
postoperative period. Administration of 10 mg of
morphine to normal subjects decreases the hypoxic
and hypercapnic ventilatory responses by 60% and
40% respectively. Narcotics also decrease the upper
airway tone and OSRBD can occur m normal
patients subsequent to administration. The severity
of apneas, hypopneas and oxyhemoglobin desatura-
tions also can increase after narcotic administration
in patients with untreated OSRBD.? The combina-
tion of REM rebound and narcotics could potential-
ly increase the hypoxic complications seen in the
postoperative untreated OSRBD patient.

Predicting the severity of OSA is difficult.
Serafini et al* attempted to determine clinical pre-
dictors of sleep apnea in patients undergoing
bariatric surgery. The Epworth Sleepiness Scale and
BMI independently failed to predict the severity of
sleep apnea. This was also true for our patient pop-
ulation (Figures 1 and 2). Figure 3 reveals that the
Mallampati airway classification also does not pre-
dict severity of OSRBD.

The level of CPAP necessary to treat the OSRBD
is very variable and should be individualized. An
overnight PSG is a reliable study to determine the
presence and severity of OSRBD and initiate cor-
rective therapy with CPAP.?? Despite patient educa-
tion, 36% of our population did not comply with the
recommendation of CPAP titration. The patients
that did comply with therapy needed an average of
10 cm H,O pressure of CPAP. CPAP has been
shown to be safe in the postoperative gastric bypass
patient.’!

Summary

The incidence of OSRBD in our bariatric study pop-
ulation was very high. Cardiovascular consequences
of OSRBD are well documented. These conse-
quences may be increased in the postoperative peri-
od when the combination of REM rebound and nar-
cotic analgesia increase oxyhemoglobin desatura-
tions. Health-care providers evaluating patients for
bariatric surgery should consider referral for a sleep
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evaluation and PSG as part of the preoperative eval-
uation. Clinical evaluation with BMI, Epworth
Sleepiness Scale and the Mallampati airway classi-
fication failed to predict the severity of OSRBD.
Therapy for OSRBD should be initiated prior to sur-
gery to minimize the hemodynamic complications
of OSRBD and to familiarize the patient with CPAP.

Patients should be educated about the importance of -

CPAP use to correct OSRBD. Continued use of
CPAP in the postoperative period will theoretically
decrease the potential morbidity and mortality of
OSRBD in the hospital and after discharge from the
hospital.

Special thanks o Ethan Emmons, MD for his technical
expertise.
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