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Summary

Obesity hyoventilation syndrome (OHS) is defined as the triad of obesity, daytime hypoventilation,
and sleep-disordered breathing in the absence of an alternative neuromuscular, mechanical or
metabolic explanation for hypoventilation. During the last 3 decades the prevalence of extreme
obesity has markedly increased in the United States and other countries. With such a global
epidemic of obesity, the prevalence of OHS is bound to increase. Patients with OHS have a lower
quality of life, with increased healthcare expenses, and are at higher risk of developing pulmonary
hypertension and early mortality, compared to eucapnic patients with sleep-disordered breathing.
OHS often remains undiagnosed until late in the course of the disease. Early recognition is impor-
tant, as these patients have significant morbidity and mortality. Effective treatment can lead to
significant improvement in patient outcomes, underscoring the importance of early diagnosis. This
review will include disease definition and epidemiology, clinical characteristics of the syndrome,
pathophysiology, and morbidity and mortality associated with it. Lastly, treatment modalities will
be discussed in detail. Key words: obesity hypoventilation syndrome; Pickwickian syndrome; hypercap-
nia; hypoventilation; sleep apnea; sleep-disordered breathing; CPAP; bi-level PAP. [Respir Care 2010;
55(10):1347–1362. © 2010 Daedalus Enterprises]
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Historical Perspective

The association between obesity and hypersomnolence
has long been recognized. Of historical interest, OHS was
described well before OSA was recognized as a true clin-
ical entity in 1969.1,2 The first published report of the
association between obesity and hypersomnolence may
have been as early as 1889.3 In fact, in 1909 after losing
approximately 90 pounds, President Howard Taft stated,
“I have lost that tendency to sleepiness which made me
think of the fat boy in Pickwick. My color is very much
better and my ability to work is greater.”4 But it was not
until 1955 that Auchincloss described in detail a case of
obesity and hypersomnolence paired with alveolar hy-
poventilation.5 One year later, Burwell described a similar
patient who finally sought treatment after his symptoms
caused him to fall asleep during a hand of poker, despite
having been dealt a full house of aces over kings.6 Al-
though other clinicians had made the comparison some
50 years earlier,3 Burwell popularized the term “Pickwick-
ian syndrome” in his case report by noting the similarities
between his patient and the boy Joe (Fig. 1), Mr Wardle’s
servant in Charles Dickens’s The Posthumous Papers of
the Pickwick Club.7 Since then our knowledge about the
epidemiology, pathophysiology, treatment, and outcomes
of OHS has improved significantly.

Definition

OHS is defined as daytime hypercapnia and hypoxemia
(PaCO2

� 45 mm Hg and PaO2
� 70 mm Hg at sea level)

in an obese patient (body mass index [BMI] � 30 kg/m2)
with sleep-disordered breathing in the absence of any other
cause of hypoventilation.8 It is important to recognize that
OHS is a diagnosis of exclusion and should be distin-
guished from other conditions that are commonly associ-
ated with hypercapnia (Table 1). Hypercapnia is very un-
likely to develop in OSA patients with BMI below 30 kg/m2

(Fig. 2). In 90% of patients with OHS, the sleep-disor-
dered breathing is simply OSA. The remaining 10% have
sleep hypoventilation, which is defined as an increase in
PaCO2

of � 10 mm Hg above that of wakefulness or sig-
nificant oxygen desaturations, neither of which is the re-
sult of obstructive apneas or hypopneas. Therefore, in these
patients non-obstructive hypoventilation characterized by
an apnea-hypopnea index (AHI) � 5 per hour is noted to
be present. There is no accurate way to know into which
category a patient with OHS will fall without performing
an overnight polysomnogram.

Epidemiology

In the United States, a third of the adult population is
obese, and the prevalence of extreme obesity (BMI � 40 kg/

m2) has increased dramatically. From 1986 to 2005 the
prevalence of BMI � 40 kg/m2 has increased by 5-fold,
from affecting 1 in every 200 adults to 1 in every 33
adults. Similarly, the prevalence of BMI � 50 kg/m2 has
increased by 10-fold, from affecting 1 in every 2,000 adults
to 1 in every 230 adults.9 The obesity epidemic is not only
impacting adults in the United States, it is a global phe-
nomenon affecting children and adolescents.10-13 With such
a global epidemic of obesity the prevalence of OHS is
likely to increase.

Numerous studies have reported a prevalence of OHS
between 10–20% in obese patients with OSA (Table 2).14-20

The prevalence of OHS is higher in the subgroup of pa-
tients with OSA with extreme obesity (Fig. 3). A recent
meta-analysis of 4,250 patients with obesity and OSA—
who did not have COPD—reported a 19% prevalence of
hypercapnia.21 The prevalence of OHS among hospital-
ized adult patients with BMI � 35 kg/m2 has been re-
ported at 31%.22

Although the prevalence of OHS tends to be higher in
men, the male predominance is not as clear as in OSA. In
fact, 3 studies had a higher proportion of women with
OHS.22-24 Similarly, there is no clear racial or ethnic pre-

Fig. 1. Joe the “Fat Boy,” the character in Dickens’s The Posthu-
mous Papers of the Pickwick Club, from which the term “Pick-
wickian syndrome” was derived. (From Reference 7.)
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dominance. However, due to higher prevalence of extreme
obesity in African-Americans compared to other races, the
prevalence of OHS might be higher in African Ameri-
cans.25,26 Because of cephalometric differences, such as
narrowing of the bony oropharynx and inferior displace-
ment of the hyoid bone, OHS associated with OSA occurs
at a lower BMI in Asians, compared to whites.19,27,28

The prevalence of OHS in a community-based cohort is
unknown, as it has not been studied, but its prevalence can
be estimated among the general adult population in the
United States. If approximately 3% of the general United
States population has severe obesity (BMI � 40 kg/m2)9

and half of patients with severe obesity have OSA,29 and
10–20% of the severely obese patients with OSA have
OHS, then a conservative estimated prevalence of OHS in
the general adult population is anywhere between 0.15–
0.3% (approximately 1 in 300 to 1 in 600 adults in the
general population).30 OHS may be more prevalent in the
United States than in other nations because of its obesity
epidemic.

Taken together, with such an epidemic of extreme obe-
sity the prevalence of OHS is likely to increase and a high
index of suspicion on the part of clinicians may lead to
early recognition and treatment of this syndrome.

Clinical Presentation and Diagnosis

While most patients with OHS have had prior hospital-
izations and have high healthcare resources utilization, the
formal diagnosis of OHS is established late in the fifth or
sixth decade of life. The 2 most common presentations are
an acute-on-chronic exacerbation with acute respiratory
acidosis leading to admission to an intensive care unit, or
during a routine out-patient evaluation by a sleep specialist
or a pulmonologist.16,22,31,32 Patients with OHS tend to be
severely obese (defined as a BMI � 40 kg/m2), have an
AHI in the severe range, and are usually hypersomnolent.
The vast majority of patients have the classic symptoms of
OSA, including loud snoring, nocturnal choking episodes
with witnessed apneas, excessive daytime sleepiness, and
morning headaches. In contrast to eucapnic OSA, patients
with stable OHS frequently complain of dyspnea and may
have signs of cor pulmonale. Physical examination find-
ings can include a plethoric obese patient with an enlarged
neck circumference, crowded oropharynx, a prominent pul-
monic component of the second heart sound on cardiac
auscultation (this is often hard to hear, due to obesity), and
lower extremity edema. Table 3 summarizes the clinical
features of 757 patients with OHS reported in the litera-
ture.14-20,22,33-38

Several laboratory findings are supportive of OHS, yet
the definitive test for alveolar hypoventilation is an arterial
blood gas performed on room air. Elevated serum bicar-
bonate level due to metabolic compensation of respiratory
acidosis is common in patients with OHS and points to-
ward the chronic nature of hypercapnia.22,35,39 Therefore,
serum bicarbonate from venous blood could be used as a
sensitive test to screen for chronic hypercapnia.20 Figure 4
shows the prevalence of OHS in obese patients with OSA
(BMI � 30 kg/m2 and AHI � 5), using serum bicarbonate
level combined with other readily available measures such

Table 1. Definition of Obesity Hypoventilation Syndrome

Required
Conditions

Description

Obesity Body mass index � 30 kg/m2

Chronic hypoventilation Awake daytime hypercapnia
(PaCO2

� 45 mm Hg and PaO2

� 70 mm Hg)
Sleep-disordered breathing Obstructive sleep apnea (apnea-

hypopnea index � 5 events/h, with
or without sleep hypoventilation)
present in 90% of cases

Non-obstructive sleep hypoventilation
(apnea-hypopnea index � 5 events/
h) in 10% of cases

Exclusion of other causes of
hypercapnia

Severe obstructive airways disease
Severe interstitial lung disease
Severe chest-wall disorders (eg,

kyphoscoliosis)
Severe hypothyroidism
Neuromuscular disease
Congenital central hypoventilation

syndrome

Fig. 2. Summary of 19 case series of patients with obesity hy-
poventilation syndrome, in which the authors reported the mean
body mass index (BMI) and arterial blood gases. The mean PaCO2

(in solid) and PaO2
(in hollow) are plotted against the BMI. Although

there were no patients with BMI below 30 kg/m2 in these series, if
the regression line for PaCO2

is continued to a BMI of 30 kg/m2 the
PaCO2

would be 45.7 mm Hg. Therefore, hypercapnia with OSA is
unlikely to develop in patients with BMI � 30 kg/m2.
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as severity of obesity, and severity of OSA. Therefore,
serum bicarbonate level is a reasonable test to screen for
hypercapnia, because it is readily available, physiologi-
cally sensible, and less invasive than an arterial puncture
to measure blood gases.

Additionally, hypoxemia during wakefulness is not com-
mon in patients with simple OSA. Therefore, abnormal
arterial oxygen saturation detected via finger pulse oxim-
etry (SpO2

) during wakefulness should also lead clinicians
to exclude OHS in patients with OSA.20,40 A useful tool

for a sleep physician interpreting the polysomnogram of a
patient they have not seen in clinic may be the percent of
total sleep time with SpO2

spent below 90%.
In a recent meta-analysis, the mean difference of per-

cent of total sleep time with SpO2
spent below 90% was

37% (56% for hypercapnic OSA patients, 19% for eucap-
nic OSA patients), with very little overlap in the 95%
confidence intervals (Table 4).21 In another study, Baner-
jee and colleagues prospectively compared sleep parame-
ters in 23 patients with OHS (mean PaCO2

54 mm Hg) to 23
patients with eucapnic OSA, by performing overnight in-
laboratory polysomnography.41 These 2 groups were

Table 3. Clinical Features of Patients With Obesity Hypoventilation
Syndrome*

Mean (range)

Age (y) 52 (42–61)
Male (%) 60 (49–90)
Body mass index (kg/m2) 44 (35–56)
Neck circumference (cm) 46.5 (45–47)
pH 7.38 (7.34–7.40)
PaCO2

(mm Hg) 53 (47–61)
PaO2

(mm Hg) 56 (46–74)
Serum bicarbonate (mEq/L) 32 (31–33)
Hemoglobin (g/dL) 15 (ND)
Apnea-hypopnea index (events/h) 66 (20–100)
Oxygen nadir during sleep (%) 65 (59–76)
Percent time SpO2

� 90% 50 (46–56)
FVC (% predicted) 68 (57–102)
FEV1 (% predicted) 64 (53–92)
FEV1/FVC 0.77 (0.74–0.88)
Medical Research Council dyspnea

class 3 or 4 (%)
69 (ND)

Epworth sleepiness scale score 14 (12–16)

* The studies included a total of 757 patients with obesity hypoventilation syndrome.14-20,22,24,33-38

ND � nonsufficient data available to calculate a range
(Adapted from Reference 8.)

Table 2. Prevalence of Obesity Hypoventilation Syndrome in Patients With Obstructive Sleep Apnea

First
Author

N Design Country
Age*

(mean)
BMI*
(mean)

AHI*
(mean)

OHS
(%)

Verin14 218 Retrospective France 55 34 51 10
Laaban15 1,141 Retrospective France 56 34 55 11
Kessler16 254 Prospective France 54 33 76 13
Resta17 219 Prospective Italy 51 40 42 17
Golpe18 175 Retrospective Spain ND 32 42 14
Akashiba19 611 Retrospective Japan 48 29 52 9
Mokhlesi20 359 Prospective United States 48 43 62 20

* Age, body mass index (BMI), and apnea-hypopnea index (AHI) are mean values for all patients, calculated from the data provided by the authors in the article. ND � no data available. (Adapted
from Reference 8.)

Fig. 3. Prevalence of obesity hypoventilation syndrome (OHS) in
patients with obstructive sleep apnea (OSA), by categories of body
mass index (BMI) in the United States,20 France,15 and Italy. The
data from Italy was provided by Professor Onofrio Resta from the
University of Bari, Italy. In the study from the United States the
mean BMI was 43 kg/m2 and 60% of the subjects had a BMI
above 40 kg/m2. In contrast, the mean BMI in the French study
was 34 kg/m2 and 15% of the subjects had BMI above 40 kg/m2.
Consequently, OHS may be more prevalent in the United States,
compared to other nations, because of its more exuberant obesity
epidemic. (Adapted from Reference 8, with permission.)
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matched for age (mean 45 y vs 43 y), BMI (58.7 kg/m2 vs
59.9 kg/m2), AHI (49.6 events/h vs 39.4 events/h), and
forced vital capacity (FVC) percentage of predicted (69%
vs 74%). The only significant polysomnographic differ-
ence between these 2 well matched groups was the sever-
ity of nocturnal hypoxemia (Fig. 5).

If hypercapnia is present and confirmed with a measure-
ment of arterial blood gases, pulmonary function testing
and chest imaging should be performed to exclude other
causes of hypercapnia. In patients with OHS, pulmonary
function tests can be normal but typically reveal a mild to
moderate restrictive defect due to body habitus, without
significant evidence of airways obstruction (normal or near
normal FEV1/FVC). The expiratory reserve volume is sig-
nificantly reduced in these patients with significant obe-
sity. Patients with OHS may also have mild reductions in
maximum expiratory and inspiratory pressures related to
the combination of abnormal respiratory mechanics and
relative weak respiratory muscles.42 In general, lung func-
tion is better preserved in OHS, compared to other chronic
diseases in which patients develop hypercapnia (Fig. 6).43

Other laboratory testing should include a complete blood
count to rule out secondary erythrocytosis and severe hy-
pothyroidism.

Morbidity and Mortality

The majority of patients with OHS are severely obese
and have severe OSA.8 Severe obesity44 and severe OSA

(defined as an AHI � 30 events/h),45-47 independent of
hypercapnia, are known to negatively affect quality of life,
morbidity, and mortality. OHS seems to present an addi-
tional burden on these patients above and beyond that of
severe obesity and severe OSA.

Quality of Life

Hida et al matched patients with OHS to patients with
eucapnic OSA by age, BMI, and lung function, and as-
sessed quality of life with the Short Form-36 [36-item
version of the Medical Outcomes Study Short-Form ques-
tionnaire].48 There was no significant difference between
the 2 groups, with the exception of social functioning,
those with OHS being worse (P � .01). The authors hy-
pothesized that this was because the patients with OHS
were sleepier (Epworth sleepiness score 14.6 � 4.9 vs
12.5 � 4.6, P � .05). Quality of life improved after 6 months
of treatment with continuous positive airway pressure
(CPAP) in both groups, but the authors did not examine
whether the patients with OHS had a significantly greater
improvement. Patients with OHS have a lower quality of
life than those with other hypercapnic respiratory diseases,
despite having a significantly lower PaCO2

.49 A confound-
ing factor is that the patients with OHS were, predictably,
more obese than those with other causes of hypercapnia.

Morbidity

It is also unclear whether patients with OHS experience
higher morbidity than patients who are similarly obese and
have OSA, as no studies have been performed to date.
Berg et al performed a study where 26 patients with OHS
were matched with patients of similar BMI, age, gender,
and postal code (to control for socioeconomic factors).36

The group with OHS was significantly more obese, al-
though both groups were severely obese. The group with
OHS was found to be more likely to carry a diagnosis of
congestive heart failure (odds ratio 9, 95% CI 2.3–35),
angina pectoris (odds ratio 9, 95% CI 1.4–57.1), and cor pul-
monale (odds ratio 9, 95% CI 1.4–57.1). Pulmonary hy-
pertension is more common (50% vs 15%) and more se-
vere in patients with OHS than in patients with OSA.16,50-52

Patients with OHS were more likely to be hospitalized and
more likely to be admitted to the intensive care unit. Rates
of hospital admission decreased and were equivalent with
the control group 2 years after treatment was instituted. In
another prospective study, 47 patients with OHS had higher
rates of admission to the intensive care unit (40% vs 6%)
and need for invasive mechanical ventilation (6% vs 0%),
when compared to 103 patients with similar degree of
obesity but without hypoventilation.22

Fig. 4. Decision tree to screen for obesity hypoventilation syn-
drome (OHS) in 522 obese patients with obstructive sleep apnea
(OSA) (body mass index [BMI] � 30 kg/m2 and apnea-hypopnea
index (AHI) � 5 events/h). Among those with a serum bicarbonate
� 27 mEq/L, obesity hypoventilation syndrome (OHS) was present
in 50% of the patients. Very severe OSA (AHI � 100 events/h or
SpO2

nadir during sleep less than 60%) increased the prevalence of
OHS to 76%. (Data from Reference 20.)
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Mortality

Patients with untreated OHS have a significant risk of
death. A retrospective study reported that 7 out of 15
patients with OHS (46%) who refused long-term nonin-
vasive positive airway pressure (PAP) therapy died during
an average 50-month follow-up period.35 A prospective
study by Nowbar et al followed a group of 47 severely
obese patients after hospital discharge.22 The 18-month
mortality rate for patients with untreated OHS was higher
than the control cohort of 103 patients with obesity alone
(23% vs 9%), despite the fact that the groups were well

matched for BMI, age, and a number of comorbid condi-
tions. When adjusted for age, sex, BMI, and renal func-
tion, the hazard ratio of death in the OHS group was 4.0 in
the 18-month period. Only 13% of the 47 patients were
treated for OHS after hospital discharge. The difference in
survival was evident as early as 3 months after hospital
discharge. Budweiser and colleagues conducted a retro-
spective analysis of 126 patients with OHS and found the
1, 2, and 5-year survival rates to be 97%, 92%, and 70%,
respectively.37

Together, these 2 studies suggest that adherence to PAP
therapy may lower the short-term mortality of patients
with OHS (Fig. 7).8,37 Accordingly, identifying patients
with OHS in a timely manner is important. Treatment
should be initiated without delay to avoid adverse out-
comes such as readmission to the hospital, acute-on-chronic
respiratory failure requiring intensive care monitoring, or

Table 4. Weighted Averages of Individual Determinants of Hypercapnia Between 788 Hypercapnic Obese Patients With OSA and 3,462 Eucapnic
Obese Patients With OSA

Weighted Mean (95% CI)

Hypercapnic Eucapnic
Mean Difference

(95% CI)
P

BMI (kg/m2) 39 (34 to 44) 36 (31 to 41) 3 (2 to 4) � .001
AHI (events/h) 64 (52 to 76) 51 (42 to 60) 12 (7 to 18) � .001
FEV1 (% predicted) 71 (63 to 79) 82 (75 to 89) –11 (–16 to 7) � .001
FVC (% predicted) 85 (72 to 98) 93 (82 to 104) –8 (11 to 5) � .001
FEV1/FVC 78 (74 to 83) 80 (77 to 84) –2 (–5 to 1) .02
Total lung capacity (% predicted) 77 (70 to 85) 84 (79 to 89) –6 (10 to –3) � .001
Percent total sleep time with SpO2

� 90% 56 (42 to 70) 19 (–10 to 47) 37 (30 to 45) � .001

OSA � obstructive sleep apnea
BMI � body mass index
AHI � apnea-hypopnea index
FVC � forced vital capacity
(Data from Reference 21.)

Fig. 5. Polysomnographic differences between patients with obe-
sity hypoventilation syndrome (OHS) (n � 23) and patients with
obstructive sleep apnea (OSA) (n � 23) matched for age, body
mass index (BMI), apnea-hypopnea index, and lung function (forced
vital capacity and FEV1 percent of predicted). Patients with OHS
have severe nocturnal hypoxemia and spend a significant percent
of total sleep time with oxygen saturation (SpO2

) below 90% and
80%. In fact, none of the patients with eucapnic OSA had a sus-
tained oxygen saturation below 80%. Therefore, the severity of
nocturnal hypoxemia is a useful tool for a sleep physician to sus-
pect OHS when interpreting the polysomnogram of a patient for
whom they have no other clinical background information. (Data
from Reference 41.)

Fig. 6. Spirometric results from patients receiving chronic nonin-
vasive ventilation at home for hypoventilation (n � 211). Lung
function is better preserved in obesity hypoventilation syndrome
(OHS), compared to other chronic diseases associated with hy-
percapnia. Data presented as mean and standard deviation. FVC �
forced vital capacity. TB � post-tuberculosis. Kyphosis � kypho-
scoliosis. NMD � neuromuscular disease. (Data from Refer-
ence 43.)
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death. More importantly, adherence to therapy should be
emphasized and monitored objectively.24 It is also impor-
tant to note that the data on morbidity and mortality are
limited because they are driven by sleep-laboratory-de-
rived cohorts, retrospective studies, and small sample sizes.
Larger studies with community cohorts are needed to con-
firm these findings.

Pathophysiology

The PaCO2
is determined by the balance between CO2

production and elimination (minute ventilation and the frac-
tion of dead-space ventilation). The hypercapnia in OHS is
entirely due to hypoventilation, as short-term treatment
with PAP improves hypercapnia without any significant
changes in body weight, CO2 production, or the volume of
dead space.39 However, the exact mechanisms that lead to
hypoventilation in obese individuals are complex and prob-
ably multifactorial (Fig. 8). There have been a variety of
physiologic differences between patients with OHS and
those with obesity and/or OSA described to date: increased
upper-airway resistance;53 an excessive mechanical load
imposed on the respiratory system by excess weight, ven-
tilation-perfusion mismatching secondary to pulmonary
edema,54 or low lung volumes/atelectasis;55 an impaired
central response to hypoxemia and hypercapnia; the pres-
ence of sleep-disordered breathing; and impaired neuro-
hormonal responses (leptin resistance). Although these are
undoubtedly present, the most convincing evidence for the
pathogenesis lies behind the universal presence of sleep-

disordered breathing and a blunted central response to hy-
percapnia and hypoxia. Recently, Norman and colleagues
proposed a mathematical model that combines sleep-dis-
ordered breathing, central respiratory dive, and renal buff-
ering to explain the development of this condition.56

The Excessive Load on the Respiratory System

Upper-Airway Obstruction. Patient with OHS have a
higher upper-airway resistance both in the sitting and su-
pine position, when compared to patients with eucapnic
OSA with similar degrees of obesity and control subjects.53

However, it remains unclear if an increased upper-airway
resistance plays a role in the development of daytime hy-
percapnia in this subset of patients.

Respiratory System Mechanics. In OHS there is an
increase in the work of breathing in order to move the
excess weight on the thoracic wall and abdomen during
breathing.57 However, it is unclear what contribution, if
any, these altered mechanics have in the pathogenesis of
OHS. The lung compliance of OHS patients is less than an
equally obese control group (0.122 L/cm H2O vs 0.157 L/
cm H2O). This can be explained by the lower functional
residual capacity of the OHS group (1.71 L vs 2.20 L).
There is an even greater difference in chest-wall compli-
ance between the 2 groups (OHS 0.079 L/cm H2O vs
obese controls 0.196 L/cm H2O).57 Patients with OHS also
have a 3-fold increase in lung resistance that has been
attributed to a low functional residual capacity.57,58 The
changes in lung mechanics are frequently demonstrated on
spirometry by a low FVC and FEV1 and a normal FEV1/
FVC ratio. The spirometric abnormalities may be related
to the combination of abnormal respiratory mechanics and
weak respiratory muscles.17,34,59,60 The changes in respi-
ratory system mechanics in subjects with OHS impose a
significant load on the respiratory muscles and lead to a
3-fold increase in the work of breathing.57 As a result,
morbidly obese patients dedicate 15% of their oxygen con-
sumption to the work of breathing compared to 3% in
non-obese individuals.61

Respiratory Muscles. The maximal inspiratory and ex-
piratory pressures are normal in eucapnic morbidly obese
patients but are reduced in patients with OHS.62-64 Patients
with mild OHS, however, might have normal inspiratory
and expiratory pressures.65 A more accurate assessment of
the diaphragmatic strength by cervical magnetic stimula-
tion has not been performed in patients with obesity hy-
poventilation.66 The role of diaphragmatic weakness in the
pathogenesis of this disorder remains uncertain because
patients with OHS can generate similar transdiaphragmatic
pressures at any level of diaphragmatic activation, com-
pared to eucapnic obese subjects.63

Fig. 7. Survival curves for patients with untreated obesity hypoven-
tilation syndrome (OHS) (n � 47, mean age 55 � 14 y, mean body
mass index [BMI] 45 � 9 kg/m2, mean PaCO2

52 � 7 mm Hg) and
eucapnic morbidly obese patients (n � 103, mean age 53 � 13 y,
mean BMI 42 � 8 kg/m2), as reported by Nowbar et al,22 com-
pared to patients with OHS treated with noninvasive ventilation
(NIV) therapy (n � 126, mean age 55.6 � 10.6 y, mean BMI
44.6 � 7.8 kg/m2, mean baseline PaCO2

55.5 � 7.7 mm Hg, mean
adherence to NIV of 6.5 � 2.3 h/d). Data for OHS patients treated
with NIV was provided courtesy of Dr Stephan Budweiser and
colleagues from the University of Regensburg, Germany.37

(Adapted from Reference 8, with permission.)
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In a study by Sampson, patients with OHS were able to
generate transdiaphragmatic pressure equivalent to that of
eucapnic obese patients during hypercapnia-induced hy-
perventilation, suggesting that respiratory muscle weak-
ness may not play a role in the development of OHS. In
addition, the OHS group showed no evidence of acute
diaphragmatic fatigue (or neuromuscular uncoupling)
throughout the hypercapnic trial when measured by the
ratio of peak electrical activity of the diaphragm to peak
transdiaphragmatic pressure, which should theoretically
eliminate the variable of inadequate patient cooperation.63

Hypercapnia is also known to have deleterious effects on
diaphragmatic function, so it will be difficult to determine
whether respiratory muscle fatigue is a cause of or an
effect of OHS.67

Taken together, the data suggest that obesity imposes a
significant load on the respiratory system in patients with
OHS. Obesity is not, however, the only determinant of
hypoventilation, since less than a third of morbidly obese
individuals develop hypercapnia.15,20,59

Blunted Central Respiratory Drive

Patients with OHS are able to voluntarily hyperventilate
to eucapnia.68 This is probably the simplest evidence for a
defective central respiratory drive, although there is plenty
of additional evidence. Patients with OHS do not hyper-
ventilate to the same degree as morbidly obese patients
when rebreathing CO2.60,63,65 This deficit corrects in most
patients after therapy with PAP.65,69,70 In patients with
severe OSA but without hypercapnia, the hypercapnic ven-
tilatory response does not change with PAP therapy.70 In
addition, patients with OHS do not augment their minute
ventilation to the same degree as when forced to breathe a

hypoxic gas mixture.65,70,71 This blunted hypoxic drive
also corrects with PAP therapy.65,70 The reversibility of
the blunted central drive suggests that they are secondary
effects of the syndrome (and necessary for its persistence),
but not the origin of it.

There are a few hypotheses as to the origin of these
defects. Obesity, genetic predisposition, sleep-disordered
breathing, and leptin resistance have been proposed as
mechanisms for the blunted response to hypercapnia. The
weight load was suggested as a mechanism behind the
blunted respiratory drive, because weight loss improves
PaCO2

level in patients with OHS. But this is unlikely to be
related directly to weight, because, if anything, weight loss
blunts the response of eucapnic morbidly obese subjects to
hypercapnia.72 The blunted respiratory response to hyper-
capnia is also unlikely to be familial, because the ventila-
tory response to hypercapnia is similar between first-de-
gree relatives of patients with OHS and control subjects.73

Treatment of sleep-disordered breathing with PAP ther-
apy might improve the response to hypercapnia.65,69,70 The
airway-occlusion pressure 0.1 s after the start of inspira-
tory flow (P0.1) response to hypercapnia improves as early
as 2 weeks and reaches normal levels after 6 weeks of
therapy with PAP in patients with mild OHS (PaCO2

be-
tween 46–50 mm Hg). The response of minute ventilation
to hypercapnia improves by the sixth week of therapy, but
does not normalize.65 These finding, however, are not uni-
versal.39,69,74

Leptin. Leptin, a satiety hormone produced by adipo-
cytes, stimulates ventilation.75-78 Obesity leads to an in-
crease in the CO2 production and load.75 Therefore, with
increasing obesity the excess adipose tissue leads to in-
creasing levels of leptin in order to increase ventilation to

Fig. 8. Mechanisms by which obesity can lead to chronic daytime hypercapnia.
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compensate for the additional CO2 load. This is the reason
as to why the vast majority of severely obese individuals
do not develop hypercapnia. Patients with OHS and OSA
have significantly higher leptin levels, compared to lean or
BMI matched subjects without OSA. Although the inde-
pendent contribution of OSA or OHS to leptin production
remains unclear, the data suggest that excess adiposity is a
much more significant contributor to elevated serum leptin
levels than OSA or OHS.79-82 Patients with OHS, how-
ever, have a higher serum leptin level than eucapnic sub-
jects with OSA matched for percent body fat and AHI, and
their serum leptin level drops after treatment with
PAP.81,83,84 These observations suggest that patients with
OHS might be resistant to leptin. For leptin to affect the
respiratory center and increase minute ventilation it has to
penetrate into the cerebrospinal fluid. The leptin cerebro-
spinal fluid-to-serum ratio is 4-fold higher in lean individ-
uals, compared to obese subjects (0.045 � 0.01 vs
0.011 � 0.002, P � .05).85 Individual differences in leptin
cerebrospinal fluid penetration may explain why some
obese patients with severe OSA develop OHS and others
do not.

Sleep-Disordered Breathing. Sleep-disordered breath-
ing is considered necessary for the diagnosis of OHS and
can take 2 forms. The first and by far the most common
type is OSA, and the second is central hypoventilation.
OSA is well established in the pathophysiology of OHS by
the resolution of hypercapnia in most (but not all) patients
by treatment with either tracheostomy or PAP thera-
py.23,24,33,35,65,86,87 Norman and colleagues have proposed
an elegant mathematical model that explains the transition
from acute hypercapnia during sleep-disordered breathing
to chronic daytime hypercapnia.56 In most patients with
OSA, the hyperventilation after an apnea eliminates all
CO2 accumulated during the apnea.88 But if the inter-ap-
nea hyperventilation is inadequate or the ventilatory re-
sponse to the accumulated CO2 is blunted, it could lead to
an increase in PaCO2

during sleep (Fig. 9).89 Even in this
acute setting during sleep the kidneys can retain small
amounts of bicarbonate to buffer the decrease in pH. If the
time constant for the excretion of the small amount of
accumulated bicarbonate is slow, then the patient will have
a net gain of bicarbonate and will retain some CO2 during
wakefulness to compensate for the retained bicarbonate.56

Therefore, the combination of a decreased response to
CO2 and a slow rate of bicarbonate excretion rate will lead
to a blunted respiratory drive for the next sleep cycle.

Predictors of Hypercapnia in Obese Patients With
OSA

Many studies have tried to find risk factors or predictors
of hypercapnia (OHS) in cohorts of patients with OSA, but

the results have been mixed.14-20,34,90 In a recent large
meta-analysis from 15 studies of obese patients with OSA—
but without COPD—Kaw et al were able to identify 3
significant predictors of chronic hypercapnia: severity of
obesity, as measured by the BMI; severity of OSA, mea-
sured by either AHI or hypoxia during sleep; and degree of
restrictive chest physiology. The mean AHI in the hyper-
capnic group was 64 events/h (95% CI 52–76 events/h)
versus 51 events/h in the eucapnic group (95% CI 42–
60 events/h, difference between groups P � .001).21 In 2
studies the authors found the prevalence of OHS in pa-
tients with an AHI � 60 events/h to be 25–30%.30,90 Like-
wise, Kaw found the mean BMI in the hypercapnic group
to be 39 kg/m2 (95% CI 34–44 kg/m2) versus 36 kg/m2

(95% CI 31–41 kg/m2, difference between groups P �
.001) (see Table 4).21

Treatment

Although there are no established guidelines on treat-
ment of OHS, treatment modalities are each based on dif-
ferent perspectives of the underlying pathophysiology of
the condition: reversal of sleep-disordered-breathing,
weight reduction, and pharmacotherapy.

Treatment of Sleep-Disordered Breathing

Positive Airway Pressure Therapy. PAP (in the form
of CPAP therapy) was first described in the treatment of
OHS in 1982.86 Although subsequent studies confirmed its

Fig. 9. Schematic demonstrating how CO2 excretion is dependent
upon inter-event hyperventilation. In the first cycle, the inter-event
hyperpnea is sufficient to excrete the CO2 accumulated during the
hypopnea. In the second cycle, much more CO2 is accumulated
during the apnea than is excreted after the event. Repetitive cycles
of inability to eliminate CO2 accumulation during the apneic period
leads to CO2 retention and increase in PaCO2

level. (Adapted from
Reference 89, with permission.)
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efficacy, failure of CPAP in some cases has led to uncer-
tainty whether CPAP should be attempted initially or if
bi-level PAP therapy (more commonly known as nonin-
vasive ventilation [NIV]) is a better modality.15,24,39,86,91 In
a recent prospective study of ambulatory patients with
severe OHS—based on the severity of obesity, OSA and
the degree of hypercapnia—57% of patients were titrated
successfully with CPAP alone, and the mean pressure re-
quired was 13.9 cm H2O.41 The remaining 43% of patients
with OHS failed CPAP titration because of persistent hy-
poxemia at therapeutic or near therapeutic pressures. In
these patients the oxygen saturation remained below 90%
for more than 20% of total sleep time. However, these
patients who “failed CPAP” had a residual AHI of
25 events/h, which suggests that in some patients a ther-
apeutic pressure was not achieved. Although both groups
were extremely obese, the CPAP-failure group was more
obese (mean � SEM BMI 61.6 � 1.7 kg/m2 vs
56.5 � 1.2 kg/m2, P � .02). Since this was a single-night
titration study, the question of whether residual hypoxemia
would resolve with long-term treatment was left unan-
swered.92

A recent prospective randomized study performed by
Piper et al93 compared the long-term efficacy of bi-level
PAP versus CPAP. In this study 45 consecutive patients
with OHS underwent a full night of CPAP titration. Nine
patients (20%) were excluded because of persistent hy-
poxemia—arbitrarily defined as 10 continuous minutes of
SpO2

� 80% without frank apneas—during the CPAP ti-
tration. The remaining 36 patients who had a successful
CPAP titration night were subsequently randomized to ei-
ther CPAP (n � 18) or bi-level PAP (n � 18). Those
randomized to bi-level PAP underwent an additional titra-
tion night to establish the effective inspiratory and expi-
ratory pressures. Supplemental oxygen administration was
necessary in 3 patients in the CPAP group and 4 in the
bi-level PAP group. After 3 months, there was no signif-
icant difference between the groups in adherence to PAP
therapy or in improvement in daytime sleepiness, hypox-
emia, or hypercapnia. This study confirms that the major-
ity of patients with OHS (80%) can be successfully titrated
with CPAP. These findings also suggest that, as long as
OSA and nocturnal hypoxemia are effectively treated with
CPAP, it makes no significant difference at 3 months if
patients are given bi-level PAP or CPAP therapy. There-
fore, bi-level PAP is not superior to CPAP a priori; rather,
treatment should be individualized to each patient.

Bi-level PAP should be instituted if the patient is intol-
erant of higher CPAP pressure (� 15 cm H2O) that may be
required to resolve apneas and hypopneas or if hypoxemia
is persistent despite adequate resolution of obstructive re-
spiratory events during the titration study.94 During bi-
level PAP titration, the inspiratory PAP (IPAP) should be
at least 8 to 10 cm H2O above the expiratory PAP (EPAP)

in order to effectively increase ventilation.33,35,95,96 In the
minority of patients with OHS who do not have OSA,
EPAP can be set at 5 cm H2O and IPAP can be titrated to
improve ventilation.95,96 Bi-level PAP should also be con-
sidered if the PaCO2

does not normalize after 3 months of
therapy with CPAP.

Adherence to PAP Therapy. Adherence to PAP ther-
apy, measured as average hours of daily use in the last
30 days, is directly correlated with improvement in day-
time arterial blood gas values. In a retrospective study of
75 out-patients with stable OHS, the PaCO2

decreased by
1.8 mm Hg and the PaO2

increased by 3 mm Hg per hour
of daily CPAP or bi-level PAP use during the last 30 days
before a repeated measurement of arterial blood gases.
Patients who used PAP therapy for � 4.5 h/d had a con-
siderably greater improvement in blood gases than less
adherent patients (�PaCO2

7.7 � 5 mm Hg vs 2.4 � 4 mm Hg,
P � .001; �PaO2

9.2 � 11 mm Hg vs 1.8 � 9 mm Hg,
P � .001). In addition, the need for daytime oxygen ther-
apy decreased from 30% of patients to 6%.24 There was no
significant difference in improvement of hypercapnia and
hypoxemia between patients on CPAP (n � 48) and pa-
tients on bi-level PAP therapy (n � 27). Improvement in
blood gas values may be seen as early as one month after
the institution of PAP therapy.24,65,97

The impact of long-term NIV on vital capacity and lung
volumes is contradictory. Several studies have reported no
change in lung volumes or FVC after successful treatment
of OHS with bi-level PAP.23,35,74 In contrast, 2 studies of
patients with OHS reported significant improvements in
vital capacity and expiratory reserve volume after 12 months
of NIV, without any significant changes in BMI or in
FEV1/FVC ratio.96,98

Lack of Improvement in Hypercapnia With PAP Ther-
apy. The most common reason for persistent hypercap-
nia in patients with OHS is lack of adherence to PAP
therapy. However, if there is documented evidence of ad-
equate adherence by objective monitoring of PAP devices,
other possibilities need to be entertained, such as inade-
quate PAP titration, CPAP failure, other causes of hyper-
capnia such as COPD, or metabolic alkalosis due to high
doses of loop diuretics.

The improvement in chronic daytime hypercapnia in
patients who are adherent to PAP therapy is neither uni-
versal nor complete. In 2 studies,24,93 the PaCO2

did not
improve significantly in approximately a quarter of pa-
tients who had undergone successful PAP titration in the
laboratory and were highly adherent (� 6 h/night) to either
CPAP or bi-level PAP therapy. In one study, 8 patients
(23%) among the 34 patients who used PAP for at least
4.5 h/d, did not have a significant improvement in their
PaCO2

—decrease in PaCO2
of less than 4 mm Hg. These
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non-responders had lower AHI, compared to responders
(44 � 45 events/h vs 86 � 47 events/h, P � .03). Mean
adherence to PAP therapy was 7.2 � 2.1 h/d for non-
responders versus 6.0 � 1.7 h/d for responders (P � .1).24

This lack of response to PAP therapy, combined with
reports of persistent hypoventilation after tracheostomy,33

suggests that in a subset of patients with OHS, factors
other than sleep-disordered breathing are the driving force
behind the pathogenesis of hypoventilation. These patients
will most likely need more aggressive nocturnal mechan-
ical ventilation, with or without respiratory stimulants (see
below).

Average Volume-Assured Pressure-Support Ventila-
tion. Average volume-assured pressure-support ventila-
tion is a hybrid mode of pressure-support and volume-
controlled ventilation that delivers a more consistent tidal
volume with the comfort of pressure-support ventilation.
Average volume-assured pressure-support ventilation en-
sures a preset tidal volume during bi-level-S/T mode, and
the expiratory tidal volume is estimated based on pneu-
motachographic inspiratory and expiratory flows. The IPAP
support is then titrated in steps of 1 cm H2O/min in order
to achieve the preset tidal volume. As a result, the IPAP is
variable. The EPAP on the other hand is set between
4–8 cm H2O and the respiratory backup rate can be set at
12–18 breaths/min with an inspiratory/expiratory ratio of
1:2. The role of a backup rate remains unclear, since pa-
tients with OHS are typically tachypneic during sleep,
with respiratory rates ranging between 15–30 breaths/min.
However, it is conceivable that during titration central
apneas could develop with pressure-support ventilation,
and in those instances a backup rate would be useful.99

Although more costly than CPAP or bi-level PAP therapy,
it has been shown effective in a randomized controlled
study of OHS patients with milder degrees of hypercap-
nia.100

Oxygen Therapy. In up to 50% of patients with OHS,
oxygen therapy (in addition to PAP therapy) is necessary
to keep SpO2

� 90% in the absence of hypopneas and
apneas.41 The need for nocturnal oxygen may abate with
regular PAP usage. One retrospective cohort study found
the need for daytime supplemental oxygen decreased from
30% to 6% in patients who were adherent to PAP thera-
py.24 Therefore, patients should be reassessed for both
diurnal and nocturnal oxygen requirements a few weeks to
months after PAP therapy is instituted, since oxygen ther-
apy is costly.

Phlebotomy. Phlebotomy has not been systematically
studied in patients with OHS who develop secondary eryth-
rocytosis. Secondary erythrocytosis is a physiological re-
sponse to tissue hypoxia in order to enhance oxygen car-

rying capacity. However, hyperviscosity impairs oxygen
delivery and can counteract the beneficial effects of eryth-
rocytosis. In adult patients with congenital cyanotic heart
disease, phlebotomy has been recommended if the hemat-
ocrit is above 65% only if symptoms of hyperviscosity are
present.101 However, it is difficult to extrapolate this rec-
ommendation to patients with OHS, because many symp-
toms of hyperviscosity are similar to the symptoms of
OHS. Reversing hypoventilation and hypoxemia with PAP
therapy eventually improves secondary erythrocytosis, and
phlebotomy is rarely needed in patients with OHS.98

In-Laboratory PAP and Oxygen Titration. Figure 10
provides a therapeutic algorithm during polysomnography
in order to address the variety of respiratory events ob-
served in patients with OHS.33 Even though auto-adjusting
PAP technology can be used in patients with simple OSA
to bypass laboratory-based titration studies, this technol-
ogy cannot be recommended in patients with OHS, be-
cause it does not have the ability to recognize hypoventi-
lation and hypoxemia. As a result, patients with OHS require
a laboratory-based PAP and oxygen titration.

Fig. 10. Suggested therapeutic algorithm during continuous pos-
itive airway pressure (CPAP) titration in patients with obesity hy-
poventilation syndrome. IPAP � inspiratory positive airway pres-
sure. EPAP � expiratory positive airway pressure. AVAPS �
average volume-assured pressure-support ventilation.
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Taken together, the data suggest that CPAP is effective
in the majority of patients with stable OHS, particularly in
the subgroup that have severe OSA. Bi-level PAP should
be strongly considered in patients who fail CPAP, patients
with OHS who experience acute-on-chronic respiratory
failure, and in patients who have OHS without OSA.
Whether average volume-assured pressure-support venti-
lation has long-term benefits over bi-level PAP remains
uncertain.

Treatment of OHS with PAP improves blood gases,
morning headaches, excessive daytime sleepiness and vig-
ilance, dyspnea, pulmonary hypertension, and leg ede-
ma.23,35,74 Improvement in symptoms and blood gases is
directly related to adherence to therapy, and maximum
improvement in blood gases can be achieved as early as 2
to 4 weeks. Therefore, early follow-up is imperative and
should include repeat measurement of arterial blood gases
and objective assessment of adherence to PAP, as patients
frequently overestimate adherence.102-104 Changes in se-
rum bicarbonate level and pulse oximetry could be used as
a less invasive measure of ventilation if the patient is
reluctant to undergo a repeated measurement of arterial
blood gases. Discontinuing oxygen therapy when no longer
indicated can decrease the cost of therapy in patients with
OHS.

Surgical Interventions

Weight-Reduction Surgery. Bariatric surgery has vari-
able long-term efficacy in treating OSA. One study of
patients undergoing Roux-en-Y showed that those with
severe OSA had a reduction in AHI of 80 events/h to
20 events/h an average of 11 months after surgery.105 Al-
though this drastic reduction in sleep-disordered breathing
would probably be enough to normalize daytime blood
gases, some of these patients still have moderate OSA and
would benefit from continued PAP therapy. In another
study, approximately half of the patients who had mild
OSA after bariatric surgery had developed severe OSA
7 years postoperatively, despite no significant change in
their weight.106 A recently published meta-analysis that
included 12 studies with 342 patients who underwent poly-
somnography before bariatric surgery and after maximum
weight loss reported that there was a 71% reduction in the
AHI, with a reduction from baseline of 55 events/h (95% CI
49–60 events/h) to 16 events/h (95% CI 13–19 events/h).
Only 38% achieved cure, defined as AHI � 5 events/h. In
contrast, 62% of patients had residual disease, with the
mean residual AHI of 16 events/h. Many of these patients
had persistent moderate OSA, defined as AHI � 15 events/
h.107 It is also known that in the 6–8 years after weight-
reduction surgery, patients experience 7% weight gain.108

Therefore, patients with OHS who undergo bariatric sur-

gery should be monitored closely for recurrence of sleep-
disordered breathing.

Only one study has examined the impact of bariatric
surgery on OHS. Initially, blood gases improved. In 31
patients, preoperative PaO2

increased from 53 mm Hg to
73 mm Hg one year after surgery, and PaCO2

decreased
from 53 mm Hg to 44 mm Hg. In the 12 patients from
whom arterial blood gas measurements were available
5 years after surgery, values had worsened, with the mean
PaO2

dropping to 68 mm Hg and PaCO2
increasing to

47 mm Hg.109 In these 12 patients, BMI had hardly in-
creased from 1 to 5 years postoperatively (38 kg/m2 to
40 kg/m2). The worsening in daytime blood gases is prob-
ably from the redevelopment of sleep-disordered breath-
ing.

Bariatric surgery is associated with significant risk. The
perioperative mortality is between 0.5% and 1.5%. OSA
and OHS may be associated with higher operative mortal-
ity.110,111 The independent risk factors associated with mor-
tality are intestinal leak, pulmonary embolism, preopera-
tive weight, and hypertension. Depending on the type of
the surgery, intestinal leak occurs in 2–4% of patients and
pulmonary embolism occurs in 1% of patients.111 Ideally,
patients with OHS should be treated with PAP therapy—or
tracheostomy in cases of PAP failure—before undergoing
surgical intervention, in order to decrease perioperative
morbidity and mortality. Moreover, PAP therapy should
be initiated immediately after extubation to avoid postop-
erative respiratory failure,112-114 particularly in that there is
no evidence that PAP therapy initiated postoperatively leads
to anastomotic disruption or leakage.113,115

Tracheostomy. Tracheostomy was the first therapy de-
scribed for the treatment of OHS.116 In a retrospective
study of 13 patients with OHS, tracheostomy was associ-
ated with significant improvement in OSA. With the tra-
cheostomy closed, the mean non-rapid-eye-movement
(non-REM) AHI and REM AHI were 64 events/h and
46 events/h, respectively; with the tracheostomy open, the
non-REM AHI and REM AHI decreased to 31 events/h
and 39 events/h, respectively. In 7 patients the AHI re-
mained above 20 events/h. These residual respiratory events
were associated with persistent respiratory effort, suggest-
ing that disordered breathing was caused by hypoventila-
tion through an open tracheostomy, rather than central
apneas. However, the overall improvement in the severity
of sleep-disordered breathing after tracheostomy led to the
resolution of hypercapnia in the majority of the patients.117

Today tracheostomy is generally reserved for patients who
are intolerant of, or not adherent to, PAP therapy. It is also
an option for that minority of patients who do not have a
significant improvement in daytime blood gases despite
adherence to PAP therapy, especially those patients who
have signs or symptoms of cor pulmonale. Patients with

OBESITY HYPOVENTILATION SYNDROME: A STATE-OF-THE-ART REVIEW

1358 RESPIRATORY CARE • OCTOBER 2010 VOL 55 NO 10



tracheostomy may require nocturnal ventilation, as it does
not treat any central hypoventilation that may be present.118

A polysomnogram with the tracheostomy open is neces-
sary to determine whether nocturnal ventilation is re-
quired.33

Pharmacologic Respiratory Stimulation

Respiratory stimulants can theoretically increase respi-
ratory drive and improve daytime hypercapnia, but the
data are extremely limited.

Medroxyprogesterone. Medroxyprogesterone acts as a
respiratory stimulant at the hypothalamic level.119 The re-
sults of treatment in patients with OHS have been contra-
dictory. In a series of 10 men with OHS treated with high
doses of oral medroxyprogesterone (60 mg/d) for one
month, the PaCO2

decreased from 51 mm Hg to 38 mm Hg
and the PaO2

increased from 49 mm Hg to 62 mm Hg.120

All these patients were able to normalize their PaCO2
with

1–2 min of voluntary hyperventilation, suggesting that there
was no limitation to ventilation. Of note, polysomnographic
data were not available for these 10 men with OHS, so it
remains unclear whether they had concomitant OSA as
well. In contrast, medroxyprogesterone did not improve
PaCO2

, minute ventilation, or ventilatory response to hy-
percapnia in 3 OHS patients who remained hypercapnic
after tracheostomy.39 Administration of a medication that
may increase the risk of venous thromboembolism to a
population whose mobility is limited may be unwise.121,122

In addition, high doses of medroxyprogesterone can lead
to breakthrough uterine bleeding in women and to de-
creased libido and erectile dysfunction in men.

Most but not all patients with OHS can normalize their
PaCO2

with voluntary hyperventilation.68 The inability to
eliminate CO2 with voluntary hyperventilation may be due
to mechanical impairment. In one study, the ability to drop
the PaCO2

by at least 5 mm Hg with voluntary hyperven-
tilation was the main predictor of a favorable response to
medroxyprogesterone.123 Therefore, a respiratory stimu-
lant in patients who cannot normalize their PaCO2

with
voluntary hyperventilation— due to limited ventilation
and/or mechanical impairment— can lead to an increase in
dyspnea or even worsening of acidosis with acetazolamide.

Acetazolamide. Acetazolamide induces metabolic aci-
dosis through carbonic anhydrase inhibition, which in-
creases minute ventilation in normal subjects. There is
only one published case report describing normalization of
blood gases after tracheostomy,39 although, interestingly,
the agent reduces the AHI in patients with moderate to
severe OSA.124,125

In summary, the treatment options other than PAP are
poorly studied. PAP therapy is the mainstay of treatment,

but the best approach for those who do not respond to this
modality is unknown and may include a combination of
PAP therapy and pharmacotherapy with respiratory stim-
ulants or tracheostomy, with or without nocturnal ventila-
tion.

Summary

With such a global epidemic of obesity, the prevalence
of OHS is likely to increase. Despite the significant mor-
bidity and mortality associated with the syndrome, it is
often unrecognized and treatment is frequently delayed. A
high index of suspicion can lead to early recognition of the
syndrome and initiation of appropriate therapy. The treat-
ment options other than PAP have been poorly studied,
and further research is needed to better understand the
long-term treatment outcomes of patients with OHS. For
the time being, clinicians should encourage adherence to
PAP therapy in order to prevent the serious adverse out-
comes of untreated OHS. Weight-reduction surgery or tra-
cheostomy, with or without pharmacotherapy with respi-
ratory stimulants, should be considered in cases of PAP
failure. Further research is needed to better understand the
pathophysiology, discover newer PAP modalities, explore
non-PAP treatment options, and improve long-term treat-
ment outcomes of patients with OHS.
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Discussion

Kuna: What is the definition of
OHS? Is it a clinical subset of OSA,
or is it an entity unto itself? You said
that there are people with OSA and
hypercapnia, and when you treat them
with CPAP and bring them back, their
CO2 retention is gone. Do those peo-
ple have OHS?

Mokhlesi: I think the only way you
can classify these patients is by doing
an intervention, either a tracheostomy
or PAP therapy, because many times
we don’t know in which category they
fall when they present in the clinic. So
the majority of patients with OHS have
very severe OSA, and in approxi-
mately 75% when you successfully
treat the OSA, the hypercapnia gets
better. You can label them as one spec-
trum of disease: hypercapnic OSA.

But within that hypercapnic OSA
patient (and I showed you data not
only from our group but from the Aus-
tralian group) 25% of them who have
AHIs in the 40s and 50s still remain
hypercapnic despite adequate adher-
ence to therapy and adequate PAP ti-
tration. So there is a spectrum within
OHS.

On one end there are patients with
severe OSA and hypercapnia, and they
are the vast majority of OHS patients.
In that group, treatment of OSA with
PAP therapy (CPAP or BPAP) can
completely resolve daytime and noc-
turnal hypoventilation. Therefore, in
this group OSA is the major contrib-
utor to hypoventilation because noc-
turnal CPAP therapy normalizes PaCO2

without any substantial change in body
mass index or fraction of dead-space
ventilation.

Then there is the middle spectrum
in which OSA is a contributor but per-
haps not the main cause of hypoven-
tilation. These are the patients who,
despite adherence to PAP therapy, af-
ter a successful titration the hypercap-
nia improves minimally. One could
hypothesize that in these PAP non-
responders the cause of hypercapnia

is more complex and multifactorial and
not solely related to OSA. In these
patients decreased central chemore-
sponsiveness may be the main cause
of their hypercapnia, which does not
improve after resolution of OSA, with
either PAP therapy or tracheostomy.
Luckily, they represent only 25% of
the hypercapnic OSA patients.

The other end of the spectrum is the
true hypoventilators, the classic Pick-
wickian, in which they really don’t
have any OSA. These are the patients
in whom CPAP would be inappropri-
ate and they need NIV with BPAP or
other modalities. Since they do not
have OSA, they typically need a very
low EPAP, and ideally need a high
IPAP to augment tidal volume and im-
prove ventilation. In this subgroup tra-
cheostomy does not change minute
ventilation or the hypercapnic venti-
latory response. They remain hyper-
capnic and they require nocturnal
mechanical ventilation, either nonin-
vasively or through a tracheostomy.

So there’s a spectrum, and I’m
lumping all 3 conditions of the spec-
trum into one large category of OHS.
The only way to know in which cat-
egory the patient falls is by perform-
ing a polysomnogram and PAP titra-
tion and assessing response to therapy
in a few weeks.

Kuna: So can you diagnose OHS in
an untreated patient with OSA?

Mokhlesi: You can certainly label
an obese patient as OHS if they have
untreated OSA and other causes of hy-
percapnia have been excluded. How-
ever, as I said, you won’t know where
on the OHS spectrum the patient falls:
responder, partial responder, or non-
responder to CPAP (a pure hypoven-
tilator). There’s no way to distinguish
them ahead of time without an over-
night polysomnogram, except for a
small minority who really have no
OSA on the sleep study, and that’s
less than 10% of all OHS: the pure
hypoventilators. And these are not pa-

tients who have central apneas: if any-
thing they’re tachypneic.

The use of backup rate doesn’t make
sense, because in patients with OHS
the respiratory rate during sleep
doesn’t typically go below 18 breaths
per minute. Our patients’ respiratory
rates were closer to 25 to 30 breaths
per minute while asleep, so a backup
rate won’t kick in. In the average vol-
ume-assured pressure-support mode a
backup rate is a nice feature, but it
never or rarely kicks in, and backup-
rate capability or timed mode adds to
the expense of the PAP device.

Kapur: I was interested in the data
you presented from the study of CPAP
responders who were randomized to
CPAP or BPAP.1 The conclusion was
that there wasn’t any difference be-
tween the two, but all the trends
seemed to be in favor of the BPAP,
including the Epworth Sleepiness
Score and sleep quality. I’m wonder-
ing if they have a large enough sam-
ple size to really answer the question
of which is the better therapy.

1. Piper AJ, Wang D, Yee BJ, Barnes DJ,
Grunstein RR. Randomised trial of CPAP
vs bi-level support in the treatment of obe-
sity hypoventilation syndrome without se-
vere nocturnal desaturation. Thorax 2008;
63(5):395-401.

Mokhlesi: That’s a good point, be-
cause there were 18 patients in each
group, so it was a small study. The
primary outcome for which the study
was powered was change in CO2, and
the degree of improvement expected
was obtained from their prior studies.
So the study was not powered to an-
swer other outcomes, such as quality-
of-life measures and Epworth Sleepi-
ness Score. There was a statistically
significant improvement in the Pitts-
burgh Sleep Quality Index question-
naire, but the difference in quality of
life measured with the Short Form-36
[36-item version of the Medical Out-
comes Study Short-Form question-
naire] was not statistically different.
But you’re right, it was not powered
for the other outcomes, and even when
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they put PaCO2
as their primary out-

come, the trend was in favor of BPAP.

Gay: I want to address some of these
more difficult patients to ventilate with
the failure of the CO2 to fall. I’ve spent
the last couple years trying to con-
vince CMS [Centers for Medicare and
Medicaid Services] to recognize that
these are a different breed of patients,
who need more sophisticated equip-
ment, and I’m interested in how many
times you’ve walked that road, trying
to get more horsepower delivered to
these people without tracheostomiz-
ing them, so that you can get a porta-
ble home ventilator?

Mokhlesi: Without tracheostomy I
have not been successful. I have not
been able to get patients on a more
sophisticated ventilator at home
through an NIV method. My limited
experience with 5 to 10 patients has
been that the insurance companies will
not reimburse for these more sophis-
ticated units without a tracheostomy.

Gay: That’s the irony of this whole
system right now, and our sponsors
here are all very enthusiastic about
these portable ventilators now, be-
cause en face, with a stroke of a pen,
by calling it hypercapnic respiratory
failure I can get a device. Getting a
more sophisticated BPAP device re-
quires jumping through many more
hoops, so I’m very hopeful that soon
there’ll be some more sanity with this
and better coverage for new technol-
ogy. We’ll have more opportunities to
use this equipment that I think these
people aren’t getting because of these
quirky certification necessities.

Malhotra: Do you know why with
these newer devices the backup rate is
not kicking in? I ask because some of
these patients who have a CO2 of
80 mm Hg and a bicarbonate of
40 mEq/L, and you start blowing them
down, they get a very severe post-hy-
percapnic metabolic alkalosis. I don’t
know what their breathing looks like

at that stage; I don’t know if they still
have the high drive we’re used to see-
ing in these patients.

Mokhlesi: I’m also concerned. You
can override them if you give them a
high enough backup respiratory rate.
When you look at data not only from
OHS but from any type of respiratory
failure, patient-ventilator or patient-
device dyssynchrony and asynchrony
get more and more significant with
ineffective breaths at higher IPAP; that
is, the higher the IPAP, the higher the
risk of dyssynchrony. So you could
argue that with a very high IPAP or
high backup respiratory rate you can
override them, but you will have in-
creased discomfort and dyssynchrony,
and these can lead to increased fre-
quency of ineffective breaths or some-
times even auto-triggering.

There’s concern about alkalosis in
patients with OHS. The German group
had a large cohort of OHS and they
looked at predictors of mortality in
that group, one of which was alkalo-
sis.1 However, alkalosis at baseline,
and not after NIV, was associated with
higher mortality.

One could argue that aggressive
ventilation at night with NIV does not
necessarily increase mortality, but ul-
timately it’s a tradeoff as well. Higher
IPAP or a high backup rate to over-
ride the patients’ respiratory rate could
be more difficult to tolerate for some
patients and can lead to reduced ad-
herence or complete discontinuation
of PAP therapy.

1. Budweiser S, Riedl SG, Jorres RA, Heine-
mann F, Pfeifer M. Mortality and prognos-
tic factors in patients with obesity-
hypoventilation syndrome undergoing
noninvasive ventilation. J Intern Med 2007;
261(4):375-383.

Malhotra: I understand. It just
makes me nervous if I get a blood gas
in the middle of the night and see a
pH more than 7.5. I don’t know what
their drive is like. Another question I
have is based on some anecdotes and
on a few of these patients during bron-
choscopy. Some had airway occlusion,

which opened only when I blew air
through the suction port. How much
of the OHS pathogenesis is central ver-
sus airway?

Mokhlesi: I think the majority of
them have an important upper-airway
component, which we’re typically able
to resolve with PAP titration. But I’ve
had a handful of patients whom I put
in the lab and to my surprise the air-
way is open: they’re just tachypneic
and they’re tidal volumes are shallow,
but the upper airway is patent through-
out the night: they just desaturate and
their transcutaneous CO2 goes up, but
the airway is patent for the whole night
in the supine position. And these are
people with BMIs in the 50s. I think
those are the true hypoventilators.

Malhotra: I think about different
diseases or different phenotypes.
They’re different patients aren’t they?

Mokhlesi: I think they are.

Pierson:* You’ve nicely illustrated
that this is a disease with very high
morbidity and increased mortality, and
it’s increasing in prevalence as our
obesity epidemic continues. As you
pointed out, most often it is first rec-
ognized when the patient presents in
the ICU with acute-on-chronic respi-
ratory failure; that’s certainly been my
experience at a hospital with a popu-
lation similar to yours. Yet often these
patients have not actually been out of
the medical system. In many cases
they’ve been followed by somebody
and misdiagnosed as having COPD or
CHF [congestive heart failure]. You’ll
see a fair number of them who’ve had
echocardiograms that the problems are
on the right side but who have con-
tinued to be managed as having CHF.
It seems like this is an area in which

* David J Pierson MD FAARC, Division of
Pulmonary and Critical Care Medicine, Depart-
ment of Medicine, Harborview Medical Center,
University of Washington, Seattle, Washington.
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there is a tremendous educational need
for clinicians who are not sleep spe-
cialists, because they are the people
who are following these patients and
not recognizing what they have on their
hands.

Mokhlesi: I agree.

Parthasarathy: Studies in the ICU
of morbidly obese individuals found
expiratory flow limitation, using neg-
ative-expiratory-pressure techniques.
I’m just curious if the 25% are still
retaining CO2?

Mokhlesi: Yes. I hadn’t considered
that thus far.

Parthasarathy: The other anecdotal
evidence, going along with what Atul
[Malhotra] was pointing out, in terms
of these people being hypercapnic and
then you’re giving them all this IPAP
and ventilating them. Have you no-
ticed that some of these people, when
they flip over to the supine position,
they start going into central apneas?
You’re ventilating them at a high level
of BPAP, so it seems like there is a
need for servo ventilation in these pa-
tients.

Malhotra: I agree.

Parthasarathy: We published a
study in Intensive Care Medicine in
which we found that the supine sleep
deficiency seems to be correlated with
central apneas.1 Maybe it would be
nice to do a comparison study.
1. Ambrogio C, Lowman X, Kuo M, Malo J,

Prasad AR, Parthasarathy S. Sleep and non-
invasive ventilation in patients with chronic
respiratory insufficiency. Intensive Care
Med 2009;35(2):306-313.

Kuna: What do you think is pro-
tecting the morbidly obese person who
doesn’t have hypercapnia from devel-
oping hypercapnia?

Mokhlesi: There are several things
we can think about hypothetically.
One is that their response to leptin is
adequate. Leptin works at the hypo-
thalamus and increases ventilation to
meet the demand for that extra ven-
tilatory load that they have because
of severe obesity. In other words,
they don’t have leptin resistance.

Another possibility is to look not
just at the BMI, but how the fat is
distributed: if the fast is distributed
such that it leads to restrictive physi-
ology—the “apple” shape versus the
“pear” shape, for example.

The other possibility would be
whether they have OSA, because not
all of these patients develop OSA,
and even if they do develop OSA,
then we get into the realm of that
mathematical modeling that Norman
and colleagues have proposed that
tries to explain how the acute hyper-
capnia during obstructive respiratory
events while asleep leads to chronic
daytime hypercapnia.1 But we have
to remember that the mathematical
model is just a model, and it hasn’t
been shown in humans. The model
proposes that the patient with severe
OSA who has a reduced response to
CO2 combined with a decreased bi-
carbonate excretion rate—the 2-hit
phenomenon—is at higher risk of
CO2 retention.

But I think chronic hypercapnia in
severely obese patients is multifacto-
rial, we can’t just blame it on one fac-
tor or another; that’s why the patho-
physiology of OHS is fascinating and
is still not fully elucidated.

1. Norman RG, Goldring RM, Clain JM, Op-
penheimer BW, Charney AN, Rapoport
DM, et al. Transition from acute to chronic
hypercapnia in patients with periodic
breathing: predictions from a computer
model. J Appl Physiol 2006;100(5):1733-
1741.
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