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ABSTRACT

Obesity hypoventilation syndrome (OHS) is an obesity-dependent sleep disorder that has 
acquired great importance worldwide due to its prevalence and the fact that its features 
may lead to an increase in morbidity and mortality whilst reducing life quality. This con-
dition is characterised by the presence of chronic hypercapnic respiratory failure not sec-
ondary to other causes, alveolar hypoventilation during sleep and with or without apnoeic 
episodes. In this review, we have gone over new insights about OHS, diagnosis and the role 
of positive airway pressure, in particular the mechanisms that provide general improve-
ment, physical relief, clinical applications, and management. (BRN Rev. 2020;6(1):36-49)
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INTRODUCTION

Over the past few years, studies around the 
world have shown an alarming increase in 
obesity rates and the data reveal that this ten-
dency has remained steady. This fact has raised 
interest in the scientific community deriving in 
several researches to identify the causes and 
find solutions to reverse the high obesity rates. 
The findings have shown diverse causes, being 
the obesity hypoventilation syndrome (OHS) 
one that has particularly gained concern in re-
cent times. The most common features of this 
condition are insufficient ventilation during 
sleep and abnormal high partial pressure of 
arterial carbon dioxide (PaCO2) which results 
in diurnal hypoventilation (this diurnal hy-
poventilation demonstration is a mandatory 
condition for diagnosis). These patients have 
an increase in mortality and morbidity along 
with a decrease of their life quality1,2.

In this review, we have examined the new in-
sights about OHS, diagnosis and the role of 
positive airway pressure (PAP), considering 
non-invasive ventilation (NIV) and continu-
ous positive airway pressure (CPAP).

DEFINITION AND FEATURES 

The obesity hypoventilation syndrome has 
several synonyms such as hypercapnic sleep 
apnoea or sleep-associated hypoventilation 
associated with obesity, and Pickwick ś syn-
drome; nevertheless, the latter term has grad-
ually become obsolete, as it was confusing 
when diagnosis analogous conditions exist1. 

The syndrome is characterised by the presence 
of chronic hypercapnic respiratory failure not 

secondary to other causes, alveolar hypoven-
tilation during sleep, with or without apnoeic 
episodes and it is an obesity-dependent dis-
order3. 90% of patients with OHS have con-
comitant obstructive sleep apnoea (OSA) and 
all have hypoventilation during sleep, defined 
as an increase in PaCO2 > 10 mmHg above 
baseline in wakefulness or with large oxygen 
desaturation, which are not due to obstruc-
tive episodes of apnoea or hypopnoea4.

EPIDEMIOLOGY, RISK FACTORS  
AND ASSOCIATES

The exact prevalence of OHS in the general 
population is unknown, estimates vary sig-
nificantly across studies, but a conservative 
estimated prevalence in the United States 
adult population is projected between 0.15% 
and 0.3%5. The prevalence of OHS in patients 
referred for suspected OSA is estimated in 
a range between 10% and 20% and reaches 
20%-31% in patients already diagnosed with 
OSA4,6,7.  The prevalence of OHS tends to be 
higher in patients with OSA with extreme 
obesity4; considerable range in prevalence re-
flects varying patient population across stud-
ies6 and the mean body mass index (BMI) of 
patients with the lowest prevalence (10%)8 is 
34 kg/m2 and 59 kg/m2 from the study with 
the highest prevalence (31%)9. While the rela-
tionship/association between OHS and BMI 
is clear, less is known about the relationship 
between OHS and OSA in obese patients. 
Since OSA seems a risk factor to OHS10,11 it is 
plausible to think that OSA plays an import-
ant role in OHS prevalence in obese patients. 
The relationship between men and women 
varies with the series, although it could be 
close to 1:14.
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There is a lack of consistent data regarding 
the factors associated with diurnal hypercap-
nia in obese patients with OSA. A study con-
ducted in 2009 by Kaw R et al.10 linked the 
severity of OSA to individuals diagnosed with 
apnoea-hypopnoea index (AHI) greater than 
65 episodes per hour, recording a BMI above 
30 kg/m2 and greater degree of mechanical 
restriction of the chest wall. 

PATHOPHYSIOLOGY

The three mechanisms that can generate diur-
nal hypoventilation in obese patients are: im-
paired respiratory mechanics secondary to obe-
sity; central hypoventilation secondary to leptin 
resistance, and an altered compensatory re-
sponse to transient hypoventilation due to ap-
noea and obstructive hypopnoea4,12.

In the first mechanism, obesity compromises 
respiratory function, particularly in supine po-
sition which induces hypoventilation by in-
creasing the mechanical load in the system 
and may result in the weakening of the respi-
ratory muscles13,14. The accumulation of fat in 
the lateral parts of the pharynx intensifies the 
extra-luminal pressure and modifies the geom-
etry of the upper airway,  facilitating total (ap-
noea) or partial (hypopnoea) collapses15, which 
in turn increases the resistance of the upper 
airway and respiratory work. The main alter-
ations in respiratory mechanics include a de-
crease in total lung capacity, residual function-
al capacity, vital capacity, expiratory reserve 
volume and respiratory system compliance8,16.

In the second mechanism, leptin is a protein 
released by adipose tissue whose functions 
are to reduce appetite and increase energy 

expenditure17-19. This protein is a potent respi-
ratory stimulant20 and obesity may have cen-
tral resistance to it. Obese patients have signifi-
cantly higher leptin levels than lean patients, 
but this does not reduce appetite, providing 
indirect evidence of resistance to its effects on 
the central nervous system21. Research in an-
imals has shown that its absence (or lack of 
effect) could cause hypoventilation22. Likewise, 
leptin has been proposed as an independent 
predictor of hypercapnia23,24. 

Lastly, in the third mechanism hypoventila-
tion during sleep leads to transient episodes of 
acute hypercapnia and serum bicarbonate re-
tention. The eucapnic patients with OSA have 
important compensatory mechanisms to main-
tain acid-base balance25,26 so during the day, 
acute hypercapnia is corrected and excess bi-
carbonate is excreted25. However, patients with 
OHS show a reduction in ventilation between 
apnoea periods27, these abnormalities give rise 
to persistent nocturnal and diurnal hypercap-
nia with a reduction in bicarbonate excretion, 
causing a gradual adaptation of chemorecep-
tors and the capacity of ventilatory response 
to CO2

25 (Fig. 1). 

CLINICAL PRESENTATIONS 

The diagnosis of OHS is made regularly be-
tween the fifth and sixth decades of life, and 
two clinical presentations commonly observed 
are the patients who are diagnosed during an 
acute exacerbation of chronic respiratory failure 
with acute respiratory acidosis leading to hos-
pital admission (often in the intensive or inter-
mediate care unit) and who remain hypercapnic 
at hospital discharge or during routine patient 
evaluation for suspected OSA or dyspnoea28-32.
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Obesity is mandatory for the diagnosis of OHS 
(defined as a BMI > 30 kg/m2) and the patient 
may have the classical symptoms of OSA, in-
cluding snoring, presence apnoea, daytime 
sleepiness, morning headache, nocturia, fre-
quent complaints of dyspnoea and they may 
also have cor pulmonale signs.

On physical examination, obesity is evident, 
with a neck circumference width of > 38 cm in 
women and > 40 cm in men, poor visualiza-
tion of the oropharynx, prominent pulmonary 
component of second heart noise in cardiac 
auscultation, and lower limb oedema30 with 
some of them having oxygen desaturation. 

Figure 1. Altered compensatory response to transient hypoventilation due to apnoea and obstructive hypopnoea in OSA and OHS  
and associated OSA. Eucapnic patients with OSA have apnoea periods associated to arterial hypoxaemia during sleep and may submit 
hypoventilation periods, these patients have important compensatory mechanisms to maintain an acid-base balance, during the day, 
acute hypercapnia is corrected, excess bicarbonate is excreted and the oximetry is usually normal; but patients with OHS have  
a reduction in ventilation between apnoea periods, these alterations give rise to persistent nocturnal and diurnal hypercapnia  
with a reduction in bicarbonate excretion and may have hypoxaemia during awake. 
CO2: carbon dioxide; OHS: obesity hypoventilation syndrome; OSA: obstructive sleep apnoea; SpO2: pulse oximetry.
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DIAGNOSIS

The diagnosis of OHS is clinical (Table 1). 
Complementary studies such as polysomnog-
raphy may confirm the diagnosis of noctur-
nal hypoventilation33 with or without sleep 
apnoea. It is common to observe an increase 
in serum bicarbonate as a metabolic compen-
sation secondary to respiratory acidosis which 
suggests the chronic nature of hypercapnia30. 
Venous serum bicarbonate concentration in 
blood is an accessible and non-invasive sen-
sitive test that can accurately detect chronic 
hypercapnia11,33, being 27 mEq/l the proposed 
cut-off range.

Arterial hypoxaemia during wakefulness should 
force the clinician to exclude OHS in patients 
with OSA4. Overall, OSA patients do not pres-
ent daily arterial hypoxaemia, but OHS pa-
tients can present oxygen desaturation during 
the day. Abnormal arterial oxygen saturation 
has lower discriminative effects than serum 
bicarbonate33.

Spirometry in patients with OHS may be nor-
mal, but typically reveal mild-to-moderate re-
striction secondary to obesity. Peripheral blood 
biometry may reveal polycythaemia while hy-
pothyroidism should be ruled out in thyroid 
function tests.

MORBIDITY AND MORTALITY

Patients with untreated OHS can develop var-
ious cardio-metabolic complications (Table 2). 
Compared to equally obese but eucapnic pa-
tients, OHS patients have a higher frequency 
of hypertension, diabetes, and dyslipidae-
mia34-36. Some studies have also reported a 

high prevalence of pulmonary hypertension, 
right and left ventricular dysfunctions and 
left ventricular hypertrophy in patients with 
OHS29,37-42.

Untreated OHS is associated with increased 
mortality, partially related to acute respiratory 
problems (i.e., acute-on-chronic hypercapnic 
respiratory failure)30,43,44  and to cardiovascu-
lar morbidity30. The reason for higher preva-
lence of cardio-metabolic comorbidities in pa-
tients with OHS is multifactorial. The extent 
of hypoxaemia and hypercapnia experienced 
by patients with OHS is much more profound 

Table 1. Diagnostic criteria of OHS. The complementary 
findings are not necessary to establish the diagnosis

Clinical 
diagnostic 
criteria

A) �PaCO2 > 45 mmHg measured  
by arterial blood gases 

B) �BMI > 30 kg/m2

C) �Exclude other causes of hypoventilation
D) �Nocturnal hypoventilation with  

or without sleep apnoea

Complementary A) �Serum bicarbonate level > 27 mEq/L
B) �Elevated exhaled CO2 or transcutaneous CO2
C) �Arterial hypoxaemia during wakefulness 

measured by pulse oximetry

BMI: body mass index; OHS: obesity hypoventilation syndrome; PaCO2: partial 
pressure of arterial carbon dioxide.

Table 2. Morbidity and mortality in untreated OHS. Patients 
with untreated OHS can develop various cardio-metabolic 
complications

Associated morbidity Heart failure
Cor pulmonale
Hypertension systemic
Coronary heart disease
Ischaemic heart disease
Pulmonary hypertension
Diabetes
Dyslipidaemia
Metabolic syndrome

Main cause of death Cardiovascular diseases and acute 
respiratory problems

OHS: obesity hypoventilation syndrome.
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than that by patients with eucapnic OSA. As 
such, it leads to a higher prevalence and more 
severe pulmonary hypertension and metabol-
ic syndrome and a higher risk of other car-
diovascular events and mortality compared 
to eucapnic obese patients30,45. Patients with 
OHS have a higher risk of developing heart 
failure (odds ratio [OR], 9; 95% confidence 
interval [CI], 2.3-35), ischaemic heart dis-
ease (OR, 9; 95% CI, 1 , 4-57.1) and cor pul-
monale (OR, 9; 95% CI, 1.4-57.1)46. It is not 
surprising that the high burden of cardiovas-
cular disease in patients with OHS may lead 
to a prevalence of pulmonary hypertension 
ranging from 30% to 88%28,47,48. 

A cross-sectional analysis48 examined the as-
sociation between cardiovascular morbidi-
ty and OSA severity in patients with OHS, 
based on tertiles of oxygen desaturation in-
dex (ODI). In patients with OHS, the high-
est OSA severity phenotype was associated 
with reduced risk of cardiovascular mor-
bidity. Likewise, patients in the highest ODI 
tertile were younger, predominantly male, 
with more obesity, more hyper-somnolent, with 
worse nocturnal and daytime gas exchange 
status, lower prevalence of arterial hyperten-
sion, better exercise tolerance and fewer days 
hospitalised than patients in the lowest ODI 
tertile. This study identified two differenti-
ated phenotypes that can also have differ-
ent outcomes and treatment. Future studies 
should bring evidence of this knowledge gap.

Several observational studies have reported 
an all-cause mortality of 24% at 1.5-2 years in 
untreated OHS patients49. Two observational 
studies including patients with acute-on-chron-
ic hypercapnic respiratory failure reported one-
year mortality of 18% (of which patients with 

a PAP prescription was 55%)50 and three-year 
mortality of 31.3% (of which the proportion of 
patients treated with PAP was unknown)44. 
The main cause of death under PAP therapy 
is due to cardiovascular disease51,52, being 
acute respiratory problems less likely 52.

MANAGEMENT AND TREATMENT 

There were no international guidelines for the 
treatment of OHS until Mokhlesi & Masa33 
conducted the first clinical practice guide of 
the American Thoracic Society (ATS) for the 
evaluation and management of OHS in 2019. 

The treatment of OHS must be multidisci-
plinary, including expertise from chest phy-
sicians, sleep specialists, cardiologists, nutri-
tionists and/or bariatricians; it should include 
lifestyle changes, dietetic measures for the, 
imperative, weight loss, bariatric surgery and 
PAP treatment, among others (Fig. 2).

Weight loss and surgical treatment

Weight loss is the ideal treatment, as it can im-
prove diurnal respiratory failure, pulmonary 
hypertension and sleep-disordered breath-
ing33,53. The loss of 25 to 30% of actual body 
weight can lead to the resolution of OHS33. 
Nevertheless, this is often difficult to achieve 
and to maintain without the use of bariatric 
surgery33.

There are, however, limited long-term data 
on the efficacy of bariatric surgery in OHS54 
and it is not a safe option for some patients 
with significantly increased perioperative 
risk55.  One year after Roux-en-Y bariatric 
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surgery, partial pressure of oxygen (PaO2), 
PaCO2, forced expiratory volume in the first 
second (FEV1) and forced vital capacity (FVC) 
improved significantly54. The impact of bariat-
ric surgery on improving OSA using the metric 
of AHI is more variable. In a meta-analysis of 
12 studies which included a total of 342 pa-
tients, Greenburg et al.56 showed a decrease 
in the AHI of 55  to 16 episodes/h in patients 
with OSA and severe obesity. However, many 
of these patients remained with moderate or 
severe OSA (AHI > 15 episodes/h) and there-
fore continued to require treatment for OSA56. 

In patients with OHS, 14% required PAP treat-
ment after surgical weight loss55.

As clinicians and patients weigh the risks and 
benefits of surgical weight loss interventions, 
it is important to consider that the presence 
of OSA and the peri-operative extreme weight 
are independent risk factors associated with 
peri-operative mortality and adverse events, 

including venous thromboembolism, surgical 
re-intervention and prolonged hospital stay57,58. 

Oxygen therapy 

Approximately 20% to 30% of patients with 
OHS have persistent oxygen desaturation epi-
sodes during sleep despite adequate PAP ther-
apy59. A high concentration of supplemental 
oxygen without positive pressure therapy can 
lead to increased hypoventilation and wors-
ening of hypercapnia60,61.

While oxygen therapy is commonly supple-
mented to NIV in patients with persistent ar-
terial hypoxaemia, there are no available data 
about the long-term benefits or clear deleteri-
ous effect of this procedure. In a post-hoc 
analysis in the Pickwick study, 302 sequential-
ly screened OHS patients who were randomly 
assigned to NIV, CPAP or lifestyle modifica-
tion were re-analysed62. The objective was to 
assess the medium-term treatment efficacy of 
adding supplemental oxygen therapy to com-
monly prescribed treatment modalities in OHS. 
Outcomes at two months in the NIV subset 
show supplemental oxygen reduced systolic 
blood pressure although this could also be 
explained by a reduction of body weight in 
this group. In the CPAP group, supplemental 
oxygen increased the frequency of morning 
confusion. In the lifestyle modification group, 
supplemental oxygen increased compensato-
ry metabolic alkalosis and decreased the AHI 
during sleep. Chronic oxygen therapy pro-
duced marginal changes that were insuffi-
cient to consider it, globally, as beneficial or 
deleterious so long-term studies examining 
outcomes, such as incident cardiovascular mor-
bidity and mortality, are necessary62.

OHS
Clinical Diagnosis

Treatm
ent

PAP treatment
CPAP versus NIV

Weight loss/Dietetic
measures

Bariatric surgery

Changes in Lifestyle

Figure 2. Treatment in OHS. OHS must be treated 
multidisciplinary, including lifestyle changes (rehabilitation  
and exercise), dietetic measures and weight loss, bariatric 
surgery and PAP treatment (CPAP or NIV). 
CPAP: continuous positive airway pressure; NIV: non-invasive 
ventilation; OHS: obesity hypoventilation syndrome; PAP: positive 
airway pressure.
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Pharmacotherapy

Different medications have been investigated 
to increase the ventilatory impulse in patients 
with OHS, primarily medroxyprogesterone ac-
etate and acetazolamide, although the avail-
able evidence is very limited.

Medroxyprogesterone acetate stimulates breath-
ing at the hypothalamic level63, although its 
role in OHS remains uncertain. While one 
study reported an increase in PaO2 and a de-
crease in PaCO2 in patients with OHS treated 
with this therapeutical approach, a subsequent 
study did not demonstrate the same bene-
fits25. Medroxyprogesterone acetate increases 
the risk of venous thromboembolism64, so the 
administration of the afore-mentioned medi-
cation should be limited.

Acetazolamide is a carbonic anhydrase inhib-
itor that increases minute ventilation by induc-
ing metabolic acidosis through the excretion of 
bicarbonate in the urine. This medication has 
been shown to decrease AHI, increase PaO2 

and reduce PaCO2 in patients with OSA. Due 
to the scarce evidence and its low use, it is not 
considered or recommended as a usual therapy 
for patients with OHS. Acetazolamide should 
not be prescribed as a respiratory stimulant in 
patients who are not able to normalise or al-
most normalise their PaCO2 levels with volun-
tary hyperventilation for one to two minutes25.

Continuous positive airway pressure 
and non-invasive ventilation

Positive airway pressure therapy during sleep 
is the main treatment option for patients with 
OHS, the most common PAP modalities being 

NIV and CPAP. The latter prevents upper air-
way obstructive events but in contrast to NIV, it 
is not designed to augment ventilation65. In pa-
tients with OHS and concomitant severe OSA, 
NIV and CPAP have been shown to be similar 
in improving daytime symptoms, quality of life, 
sleep quality, daytime and nocturnal gas ex-
change status, as well as spirometric and poly-
somnographic outcomes in medium-term28,35-39  

and long-term33,52,66 randomised controlled tri-
als (RCTs). 

The short-term benefits of PAP include im-
provement in gas exchange and sleep breath-
ing disorders2,67 with a response between 50% 
and 80% of cases, while it can improve gas 
exchange in a period of 30–90 days67-71. This 
improvement is directly proportional to the 
hours of PAP use, as each hour decreases PaCO2 
by 1.8 mmHg and PaO2 increases by 3 mmHg. 

MECHANISMS OF IMPROVEMENT 
WITH POSITIVE PRESSURE

The mechanisms by which diurnal hypercap-
nia improves with PAP are complex and not 
fully understood. Both CPAP and NIV can in-
fluence the following mechanisms: abnormal 
respiratory mechanics, central responses to 
hypercapnia and/or neurohormonal dysfunc-
tion (leptin resistance) and sleep-disordered 
breathing.

As far as respiratory mechanics is concerned, 
NIV can reduce inspiratory muscular activi-
ty72, so that it can efficiently decrease the me-
chanical load favouring muscular rest and 
greater muscular efficacy during the day after 
nocturnal NIV treatment. Continuous positive 
airway pressure and NIV may decrease the 
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mechanical load avoiding upper airway re-
petitive obstructions during sleep.

As for leptin resistance, the levels of serum 
leptin decrease to normal limits in patients with 
OSA treated with CPAP73,74, but it is assumed 
that apnoeas and hypopnoeas are the cause of 
the elevated leptin levels rather than being the 
result of them22,75. Leptinaemia also decreases 
with NIV treatment76,77 as does daytime hyper-
capnia, and some studies have shown a correla-
tion between leptinaemia and a reduction in 
the hypercapnic ventilatory response78, while 
another study77 reported contradictory results, 
i.e., an increase of leptin with NIV. Therefore, 
the role of leptin in how NIV treatment achieves 
improvement is still unclear.

Finally, in regards with sleep-disordered breath-
ing, repetitive obstructive events produce in-
creasing hypercapnia, not resolved with the 
hyperventilation that occurs at the end of ob-
structive events. Despite correction of these noc-
turnal obstructive events with CPAP, daytime 
PaCO2 does not return to normal in all cases. 
Several studies have highlighted that the CPAP 
response may depend on the predominance 
of nocturnal obstructive events2,65. Non-invasive 
ventilation can prevent obstructive events and 
reduce hypoventilation during sleep (including 
rapid eye movement [REM] sleep). Both NIV 
and CPAP should decrease nocturnal hyper-
capnia, leading to lower daytime serum bicar-
bonate and consequently less blunting of the 
central carbon dioxide response11.

SCIENTIFIC EVIDENCE 

There are several randomised controlled studies 
that compare different treatments in OHS67,70. 

One of these studies compared the short-term 
efficacy of NIV and CPAP treatments in 36 
patients with OHS selected for their favourable 
response to a night of CPAP treatment70. Fol-
lowing 3 months, the improvements in daytime 
sleepiness and in clinical and gas exchange 
parameters were similar between CPAP and 
NIV groups.

In another trial including 38 patients with 
mild hypercapnia with NIV compared to a 
control group treated with conservative mea-
sures, the NIV group had a significant reduc-
tion in daytime PaCO2, bicarbonate and an 
increase in pH. Therapy with NIV, as expect-
ed, was associated with a great improvement 
in all sleep variables analysed, sleep architec-
ture, average oxygen saturation, oxygen satu-
ration time less than 90%, apnoea and hypo-
pnoea index, with a positive and significant 
correlation between average oxygen satura-
tion during sleep and diurnal arterial blood 
gases. In contrast, no change was observed in 
any of the metabolic and inflammatory pa-
rameters studied, but the follow-up was only 
one month, so no other conclusions could be 
drawn69. In this study, the patients had a low-
er BMI and were less hypercapnic than the 
subjects included in other trials67,70.

The Pickwick study is to date the largest and 
most reliable clinical research which address-
es the issue of OHS with a sample of 300 in-
dividuals using a methodology that compared 
the data obtained through NIV, CPAP and 
lifestyle change measures22. The Pickwick proj-
ect has two clinical trials in parallel depending 
on the existence or absence of severe OSA (AHI 
≥ 30). The trial that includes severe OSA has 
three arms: NIV, CPAP and change in lifestyle 
for two months (first phase). After this period 
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of time, the lifestyle change group was re-ran-
domised to NIV or CPAP to continue at least 
36 months (second phase). Patients with an 
AHI < 30 were randomised to NIV or change 
in lifestyle for at least 36 months (second 
phase), although an evaluation of results was 
performed at two months (first phase). The 
results of the first phase are already avail-
able67. The first publication included 221 pa-
tients with severe OSA randomised to NIV, 
CPAP and change in lifestyle; PaCO2 im-
proved with each of the three treatments, but 
the improvement was greater with the use 
of NIV, with a significant difference in rela-
tion to the group of conservative measures. 
In the CPAP group, the reduction of PaCO2 
depended on compliance with the treatment. 
Thus, NIV and CPAP decreased blood bi-
carbonate levels but after adjusting base-
line data only NIV achieved statistical signif-
icance compared to the control group. Sleep 
variables improved notably with the use of 
NIV and CPAP, both proving to be equally 
efficient and with little to no difference be-
tween the two; only the NIV group present-
ed increases in the FVC, FEV1 values ​and 
the 6-minute walk test. In another publication 
of this Pickwick study (the first phase of the 
trial without severe OSA), 86 patients were 
randomised and treated for two months with 
NIV or lifestyle modifications68. The NIV 
group improved significantly PaCO2 and se-
rum bicarbonate levels compared to the con-
trol group. 

In another RCT, the use of NIV or CPAP was 
applied for three months to 60 participants. 
The primary objective was to identify the 
frequency of treatment failure defined as 
hospital admission, persistent ventilatory 
insufficiency or lack of adherence, while 

secondary objectives included quality of life 
related to health and drowsiness. A total of 
57 patients completed the follow-up with-
out differences in treatment failure between 
the groups (NIV 14.8% versus CPAP 13.3%; 
p  =  0.87). Of note that adherence to treat-
ment and PaCO2 in wakefulness at three 
months were similar (NIV 5.3 h/night; CPAP 
5.0 h/night; p = 0.62, and PaCO2 in wakeful-
ness at three months of 44.2 and 45.9 mmHg, 
respectively; p = 0.60). The differences be-
tween the groups in the improvement of sleep-
iness and the quality of life were not signifi-
cant. Baseline severity of ventilatory failure 
(based on PaCO2 levels) was the only signifi-
cant predictor for such insufficiency at three 
months (OR, 2.3; p  =  0.03); no cost-effective-
ness or impact on mortality was analysed in 
this study71.

Recently, the multicentre, open-label, ran-
domised controlled Pickwick trial at 16 clini-
cal sites in Spain published its long-term re-
sults on 97 OHS patients with severe OSA 
treated with NIV and 107 treated with CPAP. 
The median follow-up was 5·44 years (inter-
quartile range [IQR] 4·45-6·37) for all patients, 
5·37 years (4·36-6·32) in the CPAP group, and 
5·55 years (4·53-6·50) in the NIV group. The 
hospitalisation days per patient-year were 
1·63 (standard deviation [SD] 3·74) in the CPAP 
group and 1·44 (3·07) in the NIV group (ad-
justed rate ratio 0·78, 95% CI 0·34-1·77; p = 0·561). 
Changes in other hospital resource utilisa-
tion, blood pressure, arterial blood gases, spi-
rometry, quality of life, clinical symptoms 
and supplemental oxygen therapy remained 
similar between PAP modalities. Both NIV 
and CPAP also improved similarly the pul-
monary artery pressure and diastolic left 
ventricular disfunction79. Given that CPAP 
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has lower complexity and cost, CPAP might 
be the preferred first-line PAP treatment mo-
dality52.

CLINICAL PRACTICE AND FOLLOW-UP

Non-invasive ventilation and CPAP improve 
gas exchange, respiratory sleep disorders and 
probably lung function and central respirato-
ry impulse to CO2. Night-time hypoventila-
tion can be effectively improved, but not in 
all cases25,31,80,81, and daytime PaCO2 reduced 
or restored to normal values80.

In clinical practice, CPAP should be the 
initial treatment modality if there is severe 
OSA, due to its relative simplicity, low cost 
and efficacy25,51. In patients with OHS and 
non-significant OSA, NIV is preferable, be-
cause, when the number of apnoeas is not 
significant, nocturnal hypoventilation may 
depend on other mechanisms, such as obe-
sity. In this case, or if the CPAP failed pre-
viously, NIV should be preferred9,11,54,67,81-85 
(Fig. 3).

In obese patients with acute hypercapnic re-
spiratory failure or hospitalised patients, NIV 
should be the first option, due to a likely 
greater efficacy against hypoventilation, the 
underlying severity of respiratory failure and 
also because OSA is probably not the only 
cause of acute respiratory failure in these pa-
tients86.

Although the duration of treatment with 
NIV or CPAP is not well established and 
appears to be undefined, the possibility of 
withdrawing NIV during short (weekend) 
or intermediate (vacation) periods in some 

patients, upon their request, may be recom-
mended.

The improvement in pulmonary gas exchange 
is observed over a period of 30 to 90 days. 
Therefore, we could consider a first visit af-
ter one week of initiation of NIV, at the first 
month and then every three or six months, all 
of them without the need of arterial blood 
gases, exhaled CO2 or transcutaneous car-
bon dioxide control, always depending on the 
good compliance, tolerance and clinical out-
come of each patient. However, we cannot 
ensure the correct follow-up time, since there 
are no studies to confirm it86.

FUTURE CHALLENGES

The prevalence of OHS is expected to in-
crease following global trends in obesity, with 
significant morbidity associated with this dis-
ease. More randomised studies or observa-
tional series are required to answer import-
ant clinical questions: long-term benefits of 
PAP (especially in non severe OSA pheno-
types), PAP modalities, supplemental oxy-
gen therapy or telemonitorisation tools. In 
addition, questions formulated in the recent 
ATS guidelines document33, whether PAP 
treatment (empirically or automatically ad-
justed) has to be initiated immediately after 
hospital discharge in patients who suffer 
an acute-on-chronic hypercapnic respiratory 
failure instead of waiting for the diagnosis 
confirmation and PAP titration by a sleep 
study, and if this more severe OHS subgroup 
needs NIV instead of CPAP, should be solved. 
A high increase in the knowledge of OHS is 
expected in the next years, so relevant ques-
tions in the subject may be clarified.
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CONCLUSIONS

Obesity is a worldwide, increasingly ubiq-
uitous health issue that has triggered the 
widespread of several related medical condi-
tions, being OHS one that progressively has 
raised concern among medical profession-
als. It has a massive impact on the increase 
of cardio-metabolic complications and its ac-
curate and early diagnosis along with prop-
er treatment are imperative in order to avoid 
the development of further comorbidity is-
sues and long-term, often life-threatening, 
complications.
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	 66.	 Soghier I, Brożek JL, Afshar M et al. Noninvasive Ventilation versus CPAP 
as Initial Treatment of Obesity Hypoventilation Syndrome: A Systematic 
Review. Ann Am Thorac Soc. 2019;16:1295-1303.



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

49

J.F. Masa, et al.: Pickwick insights

	 67.	 Masa JF, Corral J, Alonso ML et al. Efficacy of different treatment alterna-
tives for obesity hypoventilation syndrome. Pickwick Study. Am J Respir 
Crit Care Med. 2015;192:86–95.

	 68,	 Masa JF, Corral J, Caballero C et al. Noninvasive ventilation in obesity hypoven-
tilation syndrome without severe sleep apnea. Thorax. 2016;71:899–906.

	 69.	 Borel JC, Tamisier R, Gonzalez-Bermejo J et al. Noninvasive ventilation in 
mild obesity hypoventilation syndrome. A randomized controlled trial. 
Chest. 2012;141:692-702.

	 70.	 Piper AJ, Wang D, Yee BJ et al. Randomised trial of CPAP vs bilevel support 
in the treatment of obesity hypoventilation syndrome without severe noc-
turnal desaturation. Thorax. 2008;63:395-401.

	 71.	 Howard ME, Piper AJ, Stevens B et al. A randomised controlled trial of 
CPAP versus non-invasive ventilation for initial treatment of obesity 
hypoventilation syndrome. Thorax. 2017;72:437-44.

	 72.	 Pankow W, Hijjeh N, Schüttler F et al. Influence of noninvasive positive 
pressure ventilation on inspiratory muscle activity in obese subjects. Eur 
Respir J. 1997;10:2847–52.

	 73.	 Ip MS, Lam KS, Ho C et al. Serum leptin and vascular risk factors in 
obstructive sleep apnea. Chest. 2000;118:580-6.

	 74.	 Phipps PR, Starrit E, Caterson I et al. Association of serum leptin with 
hypoventilation in human obesity. Thorax. 2002;57:75-76.

	 75.	 Fitzpatrick M. Leptin and the obesity hypoventilation syndrome: a leap of 
faith? Thorax. 2002;57:1–2.

	 76.	 Yee BJ, Cheung J, Phipps P et al. Treatment of obesity hypoventilation 
syndrome and serum leptin. Respiration. 2006;73:209–12.

	 77.	 Redolfi S, Corda L, La Piana G et al. Long-term noninvasive ventilation 
increases chemosensitivity and leptin in obesity-hypoventilation syndrome. 
Respir Med. 2007;101:1191–5.

	 78.	 Campo A, Freihbeck G, Zueta JJ et al. Hypercapnic response in obese 
patients. Eur Respir J. 2007;30:223-31.

	 79.	 Masa JF, Mokhlesi B, Benitez I et al. Ecocardiographic Changes with Posi-
tive Airway Pressure Therapy in Obesity Hypoventilation Syndrome: 
Long-term Pickwick Randomized Controlled Trial. Am J Respir Crit 
Care Med. 2019; Nov 4. doi: 10.1164/rccm.201906-1122OC. [Epub ahead 
of print].

	 80.	 Masa JF, Celli BR, Riesco JA et al. Noninvasive positive pressure ventilation 
and not oxygen may prevent overt ventilatory failure in patients with chest 
wall diseases. Chest. 1997;112:207-13.

	 81.	 Hida W, Okabe S, Tatsumi K et al. Nasal continuous positive airway pres-
sure improves quality of life in obesity hypoventilation syndrome. Sleep 
Breath. 2003;7:3-12.

	 82.	 Resta O, Guido P, Picca V et al. Prescription of nCPAP and nBIPAP in 
obstructive sleep apnoea syndrome: Italian experience in 105 subjects. A 
prospective two centre study. Respir Med. 1998;92:820–7.

	 83.	 Rabec C, Merati M, Baudouin N et al. Management of obesity and respira-
tory insufficiency. The value of dual-level pressure nasal ventilation. Rev 
Mal Respir. 1998;15:269–78.

	 84.	 Schäfer H, Ewig S, Hasper E et al. Failure of CPAP therapy in obstructive 
sleep apnoea syndrome: predictive factors and treatment with bilevel-pos-
itive airway pressure. Respir Med. 1998;92:208–15.

	 85.	 Smith IE, King MA, Siklos PW et al. Treatment of ventilatory failure in the 
Prader-Willi syndrome. Eur Respir J. 1998;11:1150-2.

	 86.	 Ramírez-Molina VR, Gómez-de-Terreros FJ, Barca-Durán J et al. Non-inva-
sive positive airway pressure in obesity hypoventilation syndrome and 
chronic obstructive pulmonary disease: present and future perspectives. 
COPD. 2017;14:418-28.


