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Abstract
Obesity can have profound adverse effects on the respiratory system, including an impact on pulmonary
function, respiratory mechanics, respiratory muscle strength and endurance, gas exchange, control of
breathing, and exercise capacity. Lung mechanics are modified by increased pleural pressure resulting from
increased abdominal mass and subsequent peripheral airway occlusion and worsening of lung compliance
due to reduced functional residual capacity without impairment of chest wall compliance. Arterial blood
gases are frequently altered in these subjects and these abnormalities are directly proportional to body mass
index. Mechanisms that may account for gas exchange abnormalities are multiple: ventilation/perfusion
inequality (responsible for isolated hypoxaemia) and alveolar hypoventilation (responsible for so-called
“obesity hypoventilation syndrome” (OHS)). Hypoventilation in obese patients results from a diversity of
mechanisms, among which the two most frequently raised are mechanical limitation and blunted
ventilatory drive. OHS is frequently underappreciated and diagnosis is frequently made during a first acute
exacerbation. Obstructive sleep apnoea is a condition frequently associated with obesity and must be
systematically screened for in this population because of its impact on morbidity and therapeutic
management. Ventilatory management of these patients will depend on the patient’s underlying situation,
clinical presentation and physiology, including sleep study results; it may include continuous positive
airway pressure or non-invasive ventilation. The goal of this narrative review is to provide a physiological-
based overview of the impact of obesity on the respiratory system with a special focus on ventilatory
management of patients with obesity-related respiratory disturbances.

Introduction
Obesity hypoventilation syndrome (OHS) is defined as the association of body mass index (BMI)
⩾30 kg·m−2, daytime hypercapnia (arterial carbon dioxide tension (PaCO2

) >45 mmHg) and sleep
disordered breathing (SDB), after ruling out any other respiratory disorder which may cause alveolar
hypoventilation [1]. It is frequently associated with obstructive sleep apnoea (OSA). Prevalence of daytime
hypercapnia in subjects with OSA and obesity increases with BMI and approaches 24% when BMI is
>40 kg·m−2 [2, 3].

Obesity is a major contributor to morbidity and mortality from non-communicable diseases [4–7].
According to the World Health Organization, in 2022, 890 million people were living with obesity, i.e.
16% of the world adult population. Adult obesity has doubled since 1990 and affects most parts of the
world [1]. In the USA, the prevalence of obesity in adults aged ⩾20 years increased from 22% in 1988 to
42.5% in 2018 [8]. According to the Centers for Disease Control and Prevention, 7.6% of the US adult
population has severe obesity (⩾40 kg·m−2) [8]. Prevalence of OHS in the USA is estimated at ∼0.4% of
the general population [1].

Copyright ©The authors 2025

This version is distributed under
the terms of the Creative
Commons Attribution Non-
Commercial Licence 4.0. For
commercial reproduction rights
and permissions contact
permissions@ersnet.org

Received: 6 Sept 2024
Accepted: 28 Feb 2025

https://doi.org/10.1183/16000617.0190-2024 Eur Respir Rev 2025; 34: 240190

EUROPEAN RESPIRATORY REVIEW
REVIEW

C. RABEC ET AL.

https://orcid.org/0000-0002-1500-611X
mailto:claudio.rabec@chuv.ch
https://crossmark.crossref.org/dialog/?doi=10.1183/16000617.0190-2024&domain=pdf&date_stamp=
https://bit.ly/43kvTe0
https://bit.ly/43kvTe0
https://doi.org/10.1183/16000617.0190-2024
mailto:permissions@ersnet.org


The goal of this narrative review is to provide a physiological-based overview of the impact of obesity on
the respiratory system with a special focus on ventilatory management of patients with obesity-related
respiratory disturbances.

Methods
A comprehensive background literature search was carried out in PubMed and Embase without temporal
limits using English, French and Spanish language as a restriction. The MeSH (Medical Subject Headings)
terms and keywords used were: “obesity”, “respiratory failure”, “continuous positive airway pressure”,
“non-invasive ventilation”, “sleep apnoea” and “pulmonary function tests”. Abstracts from conferences and
commentaries were excluded. In the case of a guideline written by the same society or author group that
underwent multiple publications, only the latest version was included. All articles underwent title and
abstract screening for relevance to the aims of this review; potentially eligible articles were retrieved for
full-text review. Publications for potential citation were identified by one author and agreed by consensus.
With this approach, we tried to cover the literature related to OHS, its physiological aspects and ventilatory
approach as comprehensively as possible.

Pathophysiological insights regarding pulmonary function tests in obesity
Static lung volumes
Total lung capacity (TLC) depends on the compliance of the respiratory system and the strength of the
inspiratory muscles. Obesity affects static lung volumes mainly by modifying the compliance of the
respiratory system [9]. Compliance of the lung is decreased but not that of the chest wall. As functional
residual capacity (FRC) is the point of equilibrium between elastic recoil of the lung and that of the chest
wall, FRC decreases as BMI increases (22% in mildly obese subjects and 33% in severely obese subjects)
[10]. Suggested mechanisms for the decrease in lung compliance are increased pleural pressure due to the
load of increased abdominal mass and thus a lower FRC, closure of dependent airways during tidal volume
(VT) (increased closing volume) leading to atelectasis and increase in surface tension, increased thoracic
blood volume, and mediastinal fat compressing the lung [11–14].

TLC values in obese subjects are either normal or show minor decreases [5, 15–18]; the highest prevalence
of pulmonary restriction (TLC <lower limit of normal) is reported in “super obese” (BMI 50–59.9 kg·m−2:
26.9%) and “super super obese” subjects (BMI >60 kg·m−2: 38.6%) [19]. Extrapolating the presence of
pulmonary restriction by measuring forced vital capacity (FVC) yields unreliable results because of
unpredictable variations in residual volume (RV) [11]. RV may be affected by premature closure of small
airways and/or limitation of excursion of the diaphragm. A meta-analysis of static lung volumes after
bariatric surgery showed no significant changes in isolated values of TLC, FRC or RV [20].

In summary, FRC decreases at higher BMI values, resulting in a decrease in lung compliance.

Non-invasive assessment of respiratory muscles
Obesity modifies the geometry of the diaphragm and its pressure-generating capacity: the diaphragm is
elevated compared to non-obese individuals and its downward excursion is limited [10, 21]. However, the
correlation between maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) or sniff
inspiratory pressure and BMI yields inconsistent results. After bariatric surgery, DE CAMPOS et al. [22]
found a significant increase in MIP (from 102% to 113% of predicted) in 24 women who underwent
bariatric surgery and decreased their BMI after 6 months from an average of 48 to 35 kg·m−2. MEP
improved similarly. In a study comparing lean subjects (n=20) with moderately obese subjects (n=31;
average BMI 32 kg·m−2), both MIP and MEP were above predicted values although slightly lower in
obese subjects [21]. DE SANT’ANNA et al. [23] compared MIP and MEP values between non-obese subjects
and morbidly obese subjects (BMI 52 kg·m−2), and found that values were slightly but not significantly
lower in morbidly obese subjects, but within the range of predicted values. A Brazilian study including 31
subjects with moderate to severe OSA and a BMI of 31.2 kg·m−2 found MIP and MEP values of 60±22
and 81±22 cmH2O, respectively, i.e. lower than normal values [24]. Interestingly, in these studies, most
values were within normal limits or clearly not low enough to cause alveolar hypoventilation. Finally, in
subjects under long-term non-invasive ventilation (NIV) for OHS (n=22), MASA et al. [25] found markedly
reduced values for MIP (55±14 cmH2O) and MEP (56±13 cmH2O), which did not improve under NIV.
Conversely, JANSSENS et al. [26] found only slightly reduced values for MIP (70±24 cmH2O) and normal
values for MEP (108±42 cmH2O) in 71 subjects under long-term NIV for OHS.

Inspiratory muscle training (IMT) has been explored as an option to improve respiratory muscle strength
and performance in severe obesity. A recent meta-analysis showed that IMT can significantly improve
inspiratory muscle strength (average change in MIP −28 (95% CI −42–−15) cmH2O) in obese subjects
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and results of a 6-min walk test (6MWT) [27]. There was no significant impact on lung function. Arterial
blood gases (ABGs) were not reported. To the best of our knowledge, no study has explored IMT in OHS.

In summary, geometric modifications may affect inspiratory muscle function, but inspiratory or expiratory
muscle strength is not sufficiently impaired to explain the occurrence of pulmonary restriction or alveolar
hypoventilation leading to OHS.

Dynamic lung volumes
Forced expiratory volume in 1 s (FEV1), FVC and slow vital capacity tend to decrease in severe obesity
although there is wide variability in data reported. Usually, unless COPD is associated, FEV1/FVC is
preserved [12]. WISE et al. [28] showed, in patients who quit smoking and gained weight, that FVC
decreased by 17.4 mL·kg−1 of weight gained in men and 10.6 mL·kg−1 in women. Decrease in dynamic
lung volumes does not appear to result from a decrease in inspiratory muscle strength or TLC, except for
the most severe cases [19]. Decreases in FEV1 and FVC result mostly from variations in RV. Lowest
values for FEV1 and FVC are reported in OHS subjects under NIV [1, 5, 26, 29, 30]. Moderately reduced
values have been documented in obesity with severe OSA [24]. Only slightly reduced or normal values are
found in obese subjects not fulfilling criteria for OHS [17, 24], including patients undergoing bariatric
surgery [22], with small but significant improvements after surgery.

Interestingly, when compared to non-obese, morbidly obese subjects have increased airway resistance and
reactance measured by impulse oscillometry, and thus expiratory flow limitation. This is explained by
anatomical changes in small airways occurring in the obese subjects (reduced airway diameter) and the
impact of the reduction in FRC per se, increasing the risk of dynamic compression and collapse of
peripheral airways even during resting VT [23, 31, 32]. This may increase work of breathing (WOB). These
changes are more prominent in the supine position.

It is noteworthy that central (“android”) obesity has a stronger impact on pulmonary function tests than
peripheral obesity.

In summary, airway resistance is increased and contributes to increased WOB and premature closing of
peripheral airways; FEV1 and FVC are slightly reduced, while the FEV1/FVC ratio usually remains
normal.

Respiratory drive
The impact of obesity on ventilatory drive is heterogeneous [18]. Adipokines and cytokines produced by
interstitial macrophages in adipose tissue (i.e. interleukin (IL)-1, tumour necrosis factor-α, IL-6, IL-8,
monocyte chemoattractant protein-1, leptin, adiponectin, RANTES) play a crucial role in modifications of
the respiratory drive in obesity [10, 11, 16, 33]. Leptin, produced by adipocytes, has a role in the
regulation of appetite, energy expenditure and ventilatory drive. Leptin-related reduction in the ventilatory
drive in OHS may result from either peripheral resistance to leptin (with high circulating levels) or a
decrease in circulating levels of leptin [34–37]. Mice genetically deficient in leptin (ob/ob) develop a
blunted respiratory response when compared to wild-type mice, even prior to the development of
significant obesity. This is particularly striking during sleep, with an almost absent response to an increase
in inspiratory carbon dioxide fraction in ob/ob mice [35]. Interestingly, ob/ob mice also have an increased
airway resistance when challenged by methacholine, suggesting a role of leptin in airway resistance [38].
In some obese subjects with OHS, there is an inverse relationship between ventilatory response to carbon
dioxide during wakefulness and alveolar ventilation during rapid eye movement sleep [18].

In obese subjects with associated severe OSA, the time interval between apnoeic events may be too short
to ensure carbon dioxide excretion, leading to blunted ventilatory responses via renal compensation of
respiratory acidosis, and diurnal hypoventilation [39, 40].

Acute sleep deprivation may decrease hypoxic and hypercapnic ventilatory responses in normal subjects
[41] but the impact of more chronic disruption which occurs in OSA is less clear. Genetic predisposition
may also play a role in the development of hypoventilation.

The V′E/V′CO2
slope reflects the balance between minute ventilation (V′E) and metabolic requirements

(carbon dioxide production (V′CO2
)). Therefore, it reflects respiratory drive, respiratory efficiency and the

ability of the respiratory system to cope with the exercise-related WOB. During exercise, V′E increases
proportionally to metabolic requirements (V′CO2

). In obese subjects, metabolic and cardiovascular costs of
exercise are increased [42]. Lung mechanics may limit the capacity to increase V′E because of an increase
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in WOB (see later). Thus, the V′E/V′CO2
slope and end-tidal carbon dioxide tension (PETCO2

) reflect the
capacity to adapt (or not) to an increase in workload and WOB while maintaining a pre-set PaCO2

. BALMAIN

et al. [15] studied the V′E/V′CO2
slope as a marker of ventilatory drive during exercise in candidates for

bariatric surgery. The V′E/V′CO2
slope decreased with increasing BMI, and more so in women. Also,

PETCO2
was higher in subjects with BMI ⩾50 kg·m−2 than in those with a lower BMI. Therefore,

ventilatory response to exercise decreased at higher BMI values; this may result from a blunted respiratory
drive, an overburdened respiratory system or both. HAN et al. [43] showed that subjects with OHS but a
lower BMI than in the study by BALMAIN et al. [15] were capable of maintaining a normal V′E/V′CO2

slope
[38]. When ventilatory drive is decreased in OHS, NIV improves markers such as V′E/V′CO2

slope or
airway occlusion pressure at 0.1 s (P0.1)/PETCO2

and V′E/PETCO2
slopes [41].

Respiratory pattern
Because of the obesity-related changes in respiratory mechanics, for a given V′E, VT tends to be lower and
respiratory rate higher in obese subjects. Several factors may contribute to this observation, including
decreased compliance of the respiratory system, mechanical constraints related to abdominal adipose tissue
and increased abdominal stiffness, limitation of diaphragmatic excursion, and cranial displacement and
overstretching of the diaphragm related to dynamic hyperinflation putting it at a mechanical disadvantage
[44]. This is well reported during cardiopulmonary exercise testing, with a lesser increase in VT during
exertion and therefore a relative increase in the dead space (VD)/VT ratio [42].

Work of breathing
WOB is increased in severe obesity as a result of the mechanical constraints mentioned previously: increase
in pleural pressure due to the load of the abdominal mass, and in airway resistance, and decrease in FRC and
thus in pulmonary compliance [12, 13]. In subjects with severe obesity (BMI 53±14 kg·m−2), sedated before
bariatric surgery, metabolic cost of breathing represents 16% of total oxygen uptake (V′O2

) [45]. WOB
increases compared to normal subjects because of: 1) increased metabolic requirements (increase in V′O2

and
V′CO2

) leading to an increase in V′E for any give effort; 2) increase in upper and lower airway resistance; and
3) decreased compliance of the respiratory system. Increased metabolic cost of breathing has also been
measured in obese women during exercise, and decreases after bariatric surgery [46].

Gas exchange
ABGs are frequently altered in obese subjects. The abnormalities are directly proportional to BMI. Two
main pathophysiological mechanisms account for these abnormalities. Ventilation/perfusion (V′/Q′)
inequality causes isolated hypoxaemia; alveolar hypoventilation causes OHS. Isolated hypoxaemia is
present in up to 30% of patients with severe obesity [47]. It is generally mild. Obesity leads to premature
closure of peripheral airways, breathing within closing volume, zones of micro-atelectasis and inequality of
V′/Q′ distribution, which all contribute to hypoxaemia and increase the alveolar–arterial oxygen gradient
(PA–aO2

). These phenomena are aggravated when supine [48]. Diffusing capacity of the lung in obese
subjects is seldom reported but most often within normal limits. Slight decreases in diffusion capacity
related to decrease in alveolar volume tend to be compensated by an increase in cardiac output. Transfer
coefficient of the lung for carbon monoxide (i.e. transfer factor of the lung for carbon monoxide/alveolar
volume) values are therefore usually normal or increased due to the increase in pulmonary capillary blood
volume [49].

Alveolar hypoventilation is observed in 1–10% of obese subjects [46]. Probability of nocturnal and diurnal
hypoventilation increases with BMI [3, 6, 27]. When present, sleep alveolar hypoventilation with or
without OSA will lead to daytime hypercapnia. As previously mentioned, OSA may by itself lead to
daytime hypercapnia because of insufficient inter-apnoea intervals to allow carbon dioxide excretion, renal
compensation of respiratory acidosis and secondary blunted ventilatory response [39, 40].

Exercise training and rehabilitation in OHS
Data regarding exercise training and specific rehabilitation programmes in OHS are very limited. To the
best of our knowledge, the only randomised controlled study of exercise rehabilitation in OHS was
performed by MANDAL et al. [50]. These authors randomised 37 OHS patients, all under NIV, with mean
BMI 51±7.7 kg·m−2, to NIV plus a 3-month rehabilitation programme versus NIV and usual care.
Recruitment was a major difficulty, leading to a premature interruption of the trial. Retention of patients
within the programme was also problematic. The initial benefit on weight loss (primary end-point) at
3 months was lost at 12 months. Both groups had similar benefits of NIV on ABGs and bicarbonate
(HCO3

−). Both groups improved their 6MWT, with a significant difference in favour of the rehabilitation
group. Therefore, although multidisciplinary management of OHS patients is strongly recommended, the
benefit of specific rehabilitation programmes in OHS is yet to be established [1].
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A systematic review of peri-bariatric exercise programmes has shown a benefit on BMI, weight loss,
functional capacity, muscle strength, fat-free mass, cardiorespiratory endurance and quality of life in patients
undergoing bariatric surgery [51], suggesting that further research is necessary for rehabilitation in OHS.

Screening for respiratory abnormalities in the obese patient
OHS is underdiagnosed and, when untreated, is associated with an important increase in morbidity and
mortality [6, 7]. In fact, a high proportion of subjects with OHS are first diagnosed only when presenting
with acute respiratory failure (ARF). In a large study of patients under long-term NIV, PATOUT et al. [52]
noted that 49% of patients with OHS had their NIV set-up during an acute admission.

The use of serum HCO3
− as a screening tool for OHS has been reviewed in the American Thoracic Society

(ATS) 2019 guidelines [53]. The authors state that HCO3
− <27 mmol·L−1 effectively rules out hypercapnia

and has a high negative predictive value (99% (95% CI 97.9–99.6%)) in patients where the expected
prevalence can be up to 20% (estimated according to BMI). Estimated positive predictive value is low and
not clinically useful.

Because the prevalence of OHS increases sharply in subjects with OSA and BMI ⩾35 kg·m−2 [2, 3],
daytime ABGs and nocturnal sleep studies with transcutaneous carbon dioxide tension (PtcCO2

) monitoring
should be performed in subjects suspected of having SDB and/or with mild daytime hypoxaemia. ATS
recommendations suggest measuring ABGs in subjects with HCO3

− ⩾27 mmol·L−1 when pre-test
probability is 10–20% (i.e. BMI ⩾35 kg·m−2) [51]. Oxygen saturation by pulse oximetry is not
recommended to decide when to perform ABGs because of insufficient data to propose a threshold value.

Screening scores such as the NoSAS or the Berlin questionnaire score can be used to estimate pre-test
probability of associated OSA.

Ventilatory management in the obese patient
Management of ARF in obesity
Management of ARF in an obese patient will depend on clinical status. Patients presenting with the severity
criteria (severe encephalopathy, severe pneumonia, multiorgan failure) must be admitted to a critical care
unit where intubation can be performed rapidly if required. In less severe cases, NIV must be privileged as
the gold standard first-line treatment. Many patients initially also require oxygen supplementation.

Invasive ventilation
The current indications for invasive ventilation during ARF in the obese are limited to contraindications
and failures of NIV. These situations are becoming increasingly rare, but it is important to be well aware of
these criteria and to re-evaluate them regularly in order not to prolong an ineffective NIV and thus delay
invasive ventilation.

Obesity is associated with both difficult intubation and extubation. Intubation of a morbidly obese patient
should be considered as high risk due to the frequent presence of a short neck, macroglossia and
thickening of the oropharyngeal soft tissues. These changes lead to a reduction in the size of the oral
cavity and difficulties in visualising the larynx. An abnormal ratio between the volume of the tongue and
the oral cavity leads to difficulty in exposing the glottis during direct laryngoscopy. Difficulties in
intubation can be anticipated using the Mallampati score [54]. Another predictive test for difficult
intubation in the obese is the presence of a chin–anterior neck angle (chin angle) >90°. In the intensive
care unit (ICU), performing intubation under video-laryngoscopic guidance is a recommended option [55].

Obesity-related decreases in FRC, particularly when recumbent, result in lower oxygen stores, explaining
that time spent in apnoea before arterial desaturation occurs is reduced [56]. Pre-oxygenation should be
optimised using positive pressure ventilation (continuous positive airway pressure (CPAP) or NIV) or nasal
high-flow cannula (HFNC) therapy [57]. Furthermore, both obesity and OSA predispose to gastro-oesophageal
reflux, increasing the risk of pulmonary aspiration while the airways remain unprotected [58, 59].

Mechanical ventilation is often difficult in obese patients, due to the decrease in lung compliance and
increase in airway resistance as a consequence of a reduction in FRC secondary to increased pleural
pressure. Those abnormalities contribute to atelectasis, impairing shunt fraction and oxygenation [60, 61].
Some authors suggest that lung protective ventilation (low VT, moderate to high positive end-expiratory
pressure (PEEP; ∼10 cmH2O) and recruitment manoeuvres) should be applied to protect against volo- and
barotrauma while keeping the lung “open” [62]. Nevertheless, the common safety limit of inspiratory
airway plateau pressure may not reflect the true lung distending pressure in morbidly obese patients,
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because of the increased pleural pressure and the altered lung volumes that lead to a higher part of the
pressure generated by the ventilator being used to distend the chest wall rather than the lung [59].

Moreover, the optimal level of PEEP may vary substantially between patients [61]. By studying a cohort of
obese patients with ARF, DE SANTIS SANTIAGO et al. [62] demonstrated that high airway pressure and lung
recruitment manoeuvres are required to reduce atelectasis and improve respiratory mechanics while causing
minimal overdistension and maintaining haemodynamic stability. Fumagalli and coworkers suggested the
same effect by using recruitment manoeuvres followed by applying a PEEP decremental trial [63, 64]. VT

should be set according to ideal body weight (IBW) and not actual body weight, between 6 and
8 mL·kg−1 IBW, and adjusted according to airway pressures and ABGs [65].

The ventilatory mode used to deliver invasive mechanical ventilation (IMV) in obese patients does not
differ from general recommendations and should favour a volume-assisted controlled mode in case of
sedation and a pressure support (PS) mode during weaning.

Several clinical studies have documented a prolonged duration of artificial ventilation in critically ill obese
patients [66]. The increased dependency on mechanical ventilation in this population has been attributed to
the increased WOB resulting from altered respiratory mechanics, neuromuscular strength and ventilatory
drive [32]. In addition, morbidly obese patients have a high prevalence of OSA, increasing the risk of
re-intubation. During recovery from sedation, drive to upper airway muscles is reduced. Moreover, the
endotracheal tube may blunt upper airway reflexes. In addition, the adipose tissue overload in these
patients may induce a prolonged residual effect of sedatives. This combination may favour post-extubation
upper airway obstruction [57]. Hence, duration and dose of sedation should be minimised, and adoption of
rapid weaning protocols should be encouraged [67].

In addition, obese patients are particularly at risk of post-extubation stridor [68]. A cuff-leak test should be
systematically performed, and in case of suspicion of laryngeal oedema, intravenous steroids should be
administered at least 4 h before extubation [68].

Although obesity is associated with an increased incidence of difficult weaning, a meta-analysis suggests
that, compared to subjects with a normal BMI, obese patients receiving mechanical ventilation had a lower
mortality rate both in the ICU and long term [61].

Several factors may explain this “obesity paradox”. First, adipose tissue produces leptin, adiponectin and
other biological mediators [69]. Leptin may increase host defences in the lungs [70]. Also, adiponectin has
anti-inflammatory properties and could improve glucose tolerance and reduce the requirement for
vasopressors [71]. Additionally, obese patients have higher energy reserves that may compensate for the
increased catabolic stress [72].

Some authors suggested that early tracheotomy is associated with a reduced duration of mechanical
ventilation, shorter ICU stay and a lower incidence of nosocomial pneumonia in morbidly obese patients
[73], while others underline that tracheostomy is problematic in those patients for anatomical reasons [58].

The use of prophylactic NIV alone [74, 75] or in alternance with HFNC [76] appears to be a useful
strategy to facilitate successful weaning and extubation and to reduce the risk of re-intubation in obese
patients. NIV must be instituted in most cases immediately after extubation. Furthermore, these patients
may frequently require long-term NIV support.

Non-invasive ventilation
The use of NIV in the management of ARF has been largely driven by the excellent outcomes seen in
patients with COPD. NIV is now the gold standard of care for ARF secondary to an exacerbation of
COPD [77]. The reduced harm achieved by avoiding IMV has extended the use of NIV to other
indications, including obesity [78]. The first trials demonstrating the efficacy of NIV as first-line treatment
in obese patients with severe hypercapnic acidosis were published in the late 1990s. In a pioneer study,
RABEC et al. [79] showed that NIV was effective in avoiding intubation in 39 out of 40 obese patients with
severe hypercapnic acidosis. Expiratory positive airway pressure (EPAP) was progressively increased to
correct desaturation dips, and inspiratory positive airway pressure (IPAP) to obtain an acceptable level of
mean saturation.

While there are no randomised controlled trials of NIV versus IMV in patients with ARF secondary to
obesity, there have been comparative studies indicating similar outcomes in ARF associated with obesity
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compared to acute exacerbations of COPD [80]. There are also observational data showing acceptable
outcomes in patients presenting with obesity-related ARF treated with NIV [81]. Of note, the outcome for
patients declining or failing NIV in this context are extremely poor [82, 83]. Care must be taken when
comparing data from ARF due to COPD and extrapolating to patients with obesity-related ARF.
Exacerbations of COPD are a well-characterised presentation and it is accepted that the precipitant factor
may be viral, bacterial or unknown [82]. Patients with obesity may similarly present with ARF secondary
to a range of pathologies, the commonest being respiratory infections, but also heart failure,
non-respiratory infections or idiopathic [82, 84]. The clinician managing a patient with ARF and obesity
must actively seek and treat the cause of decompensation and be aware that NIV represents a supportive
therapy, providing clinical stability while the underlying pathology is treated. Management could be
performed either in the respiratory critical care unit, in the ICU or even in the general ward, depending on
severity and experience and skill with NIV of the medical team.

When initiating acute NIV in patients with obesity, the clinician should be aware of the factors which may
indicate a higher failure rate, including super obesity, pneumonia at presentation and severe physiological
abnormalities [85, 86]. Additionally, if patients have home positive airway pressure (PAP), a poor
compliance with this intervention in the home setting predicts failure during the acute admission [86]. This
does not imply that patients with risk factors for treatment failure cannot be considered for NIV as initial
therapy, but that NIV should be implemented in a setting which can escalate the patient to IMV if
required. The clinician should be aware of the poor outcomes for patients failing NIV in the acute setting
who are not intubated, which can be as high as 50–100% [83, 85]. If escalating patients from NIV to IMV,
several factors must be considered. Initially, the need to intubate an obese patient may pose a technical
challenge, with risk of a life-threatening complication during intubation in the ICU being up to 20-fold
higher in obese patients, and thus requiring an experienced operator and/or additional techniques to reduce
the risk of failure [87]. Furthermore, obesity is associated with a range of non-respiratory comorbidities
which can impact on management and outcomes within critical care [88]. There is a paradox within critical
care when assessing the impact of obesity on survival. The presence of multiple comorbidities and poor
outcomes has led to the term “malignant obesity” describing patients with extreme obesity and multi-organ
failure with a poor outcome [85]. However, when accounting for comorbidities, obesity per se does not
appear to lead to worse outcomes in invasively ventilated patients and may even be associated with a
survival benefit [87]. This benefit may be mediated by the lung mechanics and reduction in
ventilator-associated lung damage during critical care, but this remains debated.

Patients presenting de novo with acute-on-chronic respiratory failure (ACRF) should be assessed for
long-term home PAP after the acute decompensation has resolved but prior to discharge [53]. There are
strong observational data to suggest a significantly lower mortality in patients discharged with PAP compared
to those without PAP (relative risk 0.12 (95% CI 0.05–0.30)) [53]. It is not clear if NIV or CPAP offer
similar outcomes in this context, but the recommendation from expert consensus opinion, given the high
morbidity and mortality following an acute episode, is to discharge patients with NIV set with empiric
settings, with a detailed assessment within 3 months to consider long-term home NIV and/or a step down to
CPAP if appropriate [79]. The same authors underline the primary role of polysomnography (PSG)
recordings in the follow-up of these patients after achieving a stable condition [79].

Management of chronic respiratory failure: CPAP or NIV?
Providing PAP is presently the treatment of choice to treat SDB in stable OHS patients. The primary
therapeutic strategy for managing OHS includes CPAP and NIV. Both methods aim to treat SDB by
improving ventilation and gas exchange, but they differ in their mechanisms, applications and outcomes.

CPAP applies a pneumatic splint to the airways which maintains upper airway patency. It decreases
apnoeas and hypopnoeas. Even if it is not strictly a ventilatory mode, CPAP can improve respiratory failure
by facilitating the clearance of carbon dioxide accumulated during apnoeic or hypopnoeic events and may
restore, in a number of those patients, daytime eucapnia [86]. Because >70% of people with OHS have
severe OSA, CPAP may be effective in treating at least a subset of these individuals [88, 89].

NIV encompasses a range of techniques. Compared to CPAP, NIV provides a ventilatory support assist by
applying an additional PS or volume during inspiration. NIV is usually provided by using a
pressure-targeted bilevel ventilator [47, 90]. These devices deliver separately adjustable IPAP and EPAP.
Differences between both pressures (i.e. PS) assist lung inflation during each cycle, thereby increasing VT

and reducing WOB. Hence, this ventilatory mode is able to correct both upper airway obstruction (by
increasing EPAP) and residual hypoventilation (by increasing PS level). Bilevel devices can be used in a
spontaneous (S) mode (the patient cycles the device from EPAP to IPAP), spontaneous timed (ST) mode
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(a backup rate is available to deliver IPAP for the set inspiratory time if the patient does not trigger an
IPAP/EPAP cycle within a set time window) and timed (T) mode (inspiratory time and respiratory rate are
fixed). The most common mode used is the ST mode, which allows the patient to maintain spontaneous
ventilatory activity while providing a substitute device-controlled respiratory cycle if the patient does not
trigger the ventilator within a specified time. In a randomised controlled trial conducted in stable OHS
patients, CONTAL et al. [91] demonstrated that switching from S to ST mode allowed to significantly reduce
the residual apnoea–hypopnoea index (AHI), improving efficacy of NIV.

While NIV is considered the first-line treatment in patients with OHS without OSA, the optimal initial
treatment for OHS combined with severe OSA remains the subject of debate.

Three published randomised controlled trials compared NIV to CPAP in stable hypercapnic obese patients
with concomitant OSA (mean AHI >60 events·h−1) [89, 92–94]. One of the studies excluded patients with
severe persisting nocturnal desaturation or increase in PtcCO2

during the first night of CPAP titration [94].
In two studies, the follow-up was 3 months [92, 94] and in the third, 2 years [89, 93].

The pooled results of these three studies showed no significant differences between CPAP and NIV in
terms of compliance (5–6 h per day), awake PaCO2

and arterial oxygen tension (PaO2
) improvement,

requirement for oxygen supplementation, emergency department visits, quality of life or Epworth
Sleepiness Scale score. In the study by PIPER et al. [94], subjective quality of sleep and vigilance testing
were significantly better in the NIV group.

In the long-term study by MASA et al. [93], there was no difference between NIV and CPAP groups at
2 years in the occurrence of cardiovascular events (risk ratio 1.17 (95% CI 0.56–2.44)) or in the rate of
hospitalisations or all-cause mortality. Also, CPAP and NIV similarly improved exercise capacity. A
comparative analysis of the results of these trials is provided in table 1.

Even if these relevant randomised controlled trials comparing CPAP and NIV showed a similar efficacy
overall, controversy exists about the optimal mode to correct ABGs and improve long-term outcomes in
patients with OHS-OSA.

First, we must consider to what extent these randomised controlled trials can be extrapolated to “real-life”
clinical practice. In the three studies, the patients were screened and included in a steady state. However,
several reports show that prescription of home NIV frequently follows an episode of ARF [95–97]. In the
ANTADIR GAVO2 cohort, a French multicentre cohort with 3600 patients on home NIV, NIV was
initiated after an acute admission for ARF in 66% of OHS patients [98]. The fact that in the MASA et al.
[93] study it took >5 years to recruit 221 patients in 16 expert centres suggests that this is a selected
population (2.7 patients per year per centre).

TABLE 1 Summary of published randomised controlled trials comparing continuous positive airway pressure (CPAP) and non-invasive ventilation
(NIV)

Study Clinical characteristics Settings/PS level Outcomes Main results

PIPER, 2008 [94] 3 months
36 patients

BMI 53±8 kg·m−2

PaCO2
50 (47–57) mmHg

EPAP 10 cmH2O
IPAP 16 cmH2O

S mode
Mean PS 6 cmH2O

Primary: PaCO2
improvement

Secondary: QoL, compliance,
vigilance, sleepiness

ABGs: NIV>CPAP in more severe
hypercapnic patients

QoL: NIV=CPAP
Sleep quality, vigilance: NIV>CPAP

MASA, 2015, 2019
[89, 93]

2 months, then 2 years
221 patients

BMI 45±7.6 kg·m−2

PaCO2
50±4.5 mmHg

EPAP 8.2 cmH2O
IPAP 19.7 cmH2O

ST mode
Mean PS 11.5 cmH2O

Primary: short-term study: PaCO2

improvement; long-term study:
admissions per year

Secondary: QoL, compliance,
6MWT, symptoms

ABGs, QoL, admissions: NIV=CPAP

HOWARD, 2017 [92] 3 months
60 patients

BMI 54.9±11.9 kg·m−2

PaCO2
60.7±13.5 mmHg

EPAP 11.9 cmH2O
IPAP 18.3 cmH2O

ST mode
Mean PS 6.4 cmH2O

Primary: treatment failure
(admissions, persistent hypercapnia

or non-adherence)
Secondary: QoL, sleepiness

Admissions, compliance, QoL:
NIV=CPAP

ABGs: NIV>CPAP in more severe
hypercapnic patients

PS: pressure support; BMI: body mass index; PaCO2
: arterial carbon dioxide tension; EPAP: expiratory positive airway pressure; IPAP: inspiratory

positive airway pressure; S mode: spontaneous mode; QoL: quality of life, ABGs: arterial blood gases; ST mode: spontaneous timed mode; 6MWT:
6-min walk test.
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Second, in the studies by PIPER et al. [94] and MASA et al. [93], patients included were moderately
hypercapnic with average PaCO2

∼50 mmHg. In the study by MASA et al. [93], only 12% of the entire
cohort had baseline PaCO2

>56 mmHg. A few published series identified having less severe hypoventilation
as a predictor of CPAP response, and in these patients, most authors agree to begin by a CPAP trial [97].
If alveolar hypoventilation is reversed, one can assume that hypercapnia was predominantly OSA-related,
and the patient will remain on long-term CPAP. Interestingly, in the HOWARD et al. [92] study, patients
with PaCO2

>60 mmHg had a >8-fold increase in risk of persistent hypercapnia on CPAP when compared
to patients with PaCO2

<50 mmHg, confirming the major role of hypercapnia level in the expected efficacy
of both PAP treatments to correct hypoventilation.

Also, the levels of PS used in the NIV groups were lower than those usually applied in OHS patients in clinical
practice and also lower than those suggested by expert consensus [26, 99]. For example, in both short-term
trials, the mean level of PS applied was 6 and 6.4 cmH2O [92, 94]. In the MASA et al. [93] Pickwick study, the
mean level of PS applied was higher (11.5 cmH2O), but lower than those used in other trials evaluating the
efficacy of NIV in OHS patients (15 and 13 cmH2O, respectively, in the studies by MURPHY et al. [29] and
JANSSENS et al. [26, 99]). Severe obesity is characterised by a decrease in thoraco-pulmonary compliance [11].
The consequence of these changes in pulmonary mechanics is that these patients require high inspiratory
pressures to overcome this increased elastic burden and improve alveolar ventilation.

This could explain why, in the long-term study by MASA et al. [93], 48% of patients treated by NIV had
PaCO2

>45 mmHg (versus 60% of patients randomised to CPAP) at 2 years, suggesting that the level of PS
applied was too low to correct hypoventilation. Hence, one could infer that the lack of benefit of NIV
versus CPAP is a consequence of an insufficient level of PS applied.

Finally, two studies found that many patients initiated on NIV for OHS who normalised their PaCO2
could

be stepped down from NIV to CPAP after a few months without worsening ABGs, sleep quality or quality
of life [100, 101]. These data support the strategy of a sequential approach, by “hitting hard” to initially
correct hypoventilation in severely hypercapnic patients and then simplifying the treatment if the patient
becomes normocapnic [78].

In fact, in patients with OSA complicating OHS, hypercapnia may be related to OSA, to obesity itself or to
both. Differential diagnosis between these two conditions is in general made retrospectively, according to
PaCO2

kinetics after either a CPAP trial or if the patient was at first treated by NIV, when, after correction
of PaCO2

levels and switching to CPAP, the patient remains normocapnic [79].

Indeed, some experts propose a “personalised approach” by proposing either NIV or CPAP taking into
account two factors: the level of PaCO2

and the presence or not of underlying OSA and its severity
(figure 1) [47, 102–104]. This approach is based in published series that identified less severe
hypoventilation and higher AHI as predictors of CPAP response [47, 105, 106]. If PaCO2

<50 mmHg, and
OSA was confirmed by PSG, most authors agree to begin by performing a CPAP trial [47, 102–104].
CPAP can be administered in auto-titrated mode or in fixed mode after calculating therapeutic pressure
manually or by using an auto-titration algorithm. Treatment trials usually last for 3 months with an
assessment of adequacy of therapy: control of PaCO2

, improvement in cor pulmonale, improved sleep
quality and reduced healthcare contacts. If there has been a clinical response, and alveolar hypoventilation
is reversed, the patient will remain on long-term CPAP. In this case, one can assume that hypercapnia was
only OSA related. However, if the patient remains hypercapnic despite adequate CPAP treatment
and compliance, this suggests that another mechanism (i.e. obesity itself ) is perpetuating alveolar
hypoventilation [79]. Such patients require, additionally, increasing ventilation during sleep rather than
simply stabilisation of the upper airway, and in that case it is logical to switch to NIV. In patients with
PaCO2

>50 mmHg and underlying OSA, the initial therapeutic choice should be NIV, knowing that it is
always possible to step down to CPAP if the patient becomes normocapnic subsequently [100, 102].

In a subset of patients, hypoventilation cannot be reversed despite high PS levels. These patients may need
higher peak inspiratory pressures which only volume ventilators can provide. However, high pressure
levels must be managed carefully because in an open non-hermetic system (as is the case in NIV) they
may override leak compensations and reduce therapeutic efficacy [47].

Finally, in some patients, respiratory failure cannot be managed by NIV. In this small subgroup of patients,
and also in those who do not tolerate NIV, a tracheostomy may be required.

A proposed algorithm for ventilatory management of these patients is provided in figure 2.
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Role of hybrid modes of NIV
The majority of home non-invasive ventilatory support is delivered in a pressure-limited mode [90, 100].
This provides leak compensation, improves efficacy of ventilation and comfort via a reduction in the
magnitude of pressure swings [107]. However, pressure-limited NIV does not account for the changes in
the compliance of the respiratory system which occur according to body position, sleep stages, progression
of underlying lung disease or intercurrent respiratory infections [108, 109]. The changes imposed on the
respiratory system during positional changes in obesity can be significant, impacting on ventilatory
efficiency [110, 111]. The development of ventilator technology has allowed for improved accuracy in
estimating VT, enabling the development of volume-targeted ventilation. These so-called advanced modes
of ventilation are designed to provide the “comfort” of pressure-limited NIV with the “safety” of
guaranteed volume ventilation. It must be appreciated that all these modes rely on calculated indices and
specific algorithms and, without an understanding of the limitations of these processes, the use of these
modes can be as problematic as they are helpful. Similarly, while the concepts and principals are generic,
there must be caution when extrapolating evidence from one device, or algorithm, to another without
understanding the systems used and accuracy of the calculated values [112, 113]. There are studies
demonstrating that volume-targeted modes are safe and effective when established with traditional methods
of titrating NIV, such as overnight PtcCO2

monitoring [114]. These studies have been conducted in patients
with chronic respiratory failure (CRF) secondary to neuromuscular disease, obesity or COPD [29, 114–116].
Many of the initial studies of hybrid modes demonstrated enhanced control of nocturnal ventilation in OHS
but usually with a higher delivered mean PS overnight, without any change in daytime PaCO2

, quality of life
or other clinical outcomes [29, 114–116]. A study by STORRE et al. [114] showed a reduction in mean
nocturnal PtcCO2

of 6.9±5.5 mmHg in patients with OHS receiving volume-targeted compared to fixed-level
NIV. However, this was associated with a higher mean inspiratory pressure of 16.4±3.9 mbar in the
volume-targeted mode compared to 14.7±2.4 mbar in the fixed bilevel NIV. The results of some of these
studies raise the concern that the higher delivered pressures and the pressure variability may be associated
with leak-associated arousals and sleep fragmentation [100].

Studies which used a home NIV titration algorithm with predefined targets to define successful set-up of
both volume-targeted and fixed bilevel NIV, such as MURPHY et al. [29], led to similar delivered levels
of PS (volume-targeted NIV PS 13±5 cmH2O, fixed bilevel NIV 13±4 cmH2O) and thus similar control of
nocturnal ventilation (volume-targeted NIV mean PtcCO2

7.1±0.7 kPa, fixed bilevel NIV mean PtcCO2

7.2±1.0 kPa) between the NIV modes. In patients with COPD, it seems that there is a consistent effect on
compliance, with volume-targeted modes improving device compliance when compared to ST modes in
intermediate duration crossover trials [116–118]. These trials were not powered or designed to examine
clinical outcomes and any estimate of impact is an extrapolation of the data from these works.
Additionally, the similarity in long-term outcomes between CPAP and volume-targeted NIV in OHS
would suggest that any difference between fixed bilevel and volume-targeted NIV would be smaller [29,
89, 119].

Obesity OSA

Obesity-linked

hypoventilation

OSA+

hypoventilation

Normocapnic

OSA

Hypercapnic

OSA

CPAP

NIV (low EPAP)

NIV (high EPAP#)

NIV or CPAP

NIV → CPAP

PaCO2
 <45 mmHg

PaCO2
 >45 mmHg

FIGURE 1 Obesity hypoventilation syndrome–obstructive sleep apnoea (OSA) relationships and pathophysiological-
based therapeutic approach. #: higher expiratory positive airway pressure (EPAP) levels are needed in patients
with underlying OSA to stabilise the upper airway. PaCO2

: arterial carbon dioxide tension; NIV: non-invasive
ventilation; CPAP: continuous positive airway pressure.
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After volume-targeted modes, NIV devices have been developed with algorithms that can automatically
titrate EPAP by estimating upper airway patency [95]. Again, as with volume-targeted modes, there are
different technological approaches to achieve this, and when utilising these modes, clinicians should be
well informed as to the characteristics and data relevant to the device used. Auto-EPAP modes can use
flow or forced oscillatory technology (FOT) to assess airway patency, and these techniques have different
pros and cons [120]. Flow-based techniques can be used breath by breath and have been studied
extensively in CPAP devices in the management of simple sleep apnoea. However, they become less
reliable with high levels of leak and at higher flow rates seen with NIV [121]. FOT overcomes some of the
flow-related issues and therefore may be more reliable in patients with high-pressure NIV. However, FOT
is implemented in pre-set periods of breathing, e.g. at end-expiration every 10 breaths, and thus may miss
apnoeas or capture an infrequent event and therefore over- or under-titrate EPAP [120]. There are short-
and medium-term studies in patients with mixed causes of respiratory failure [117, 122] or specifically
obesity [95] which show that these modes are clinically safe and effective in managing the OSA
component of SDB. These evaluations have included detailed PSG to ensure that the modes are
appropriately titrating pressures and not impacting on sleep disruption with similar sleep efficiency
(auto-NIV 81±10%, fixed bilevel NIV 75±22%), arousal index (auto-NIV 19±10 events·h−1, fixed bilevel
NIV 20±12 events·h−1) and wake after sleep onset (auto-NIV 65±39 min, fixed bilevel NIV 80±53 min)
demonstrated in the auto-EPAP volume-targeted group when compared to bilevel [89]. These data also
show similar improvements in daytime ABGs (change in PaCO2

at 2-month follow-up 0.87 kPa in both
groups) and compliance (6.3 h per night in both groups) but the time to set-up NIV effectively was
reduced in the auto-NIV modes (auto-NIV 3 days, fixed bilevel NIV 4 days; p=0.001) [95].

The advent of combined auto-EPAP volume-targeted modes offers the potential to simplify the titration of
NIV. MURPHY et al. [123] compared in-patient titration of fixed bilevel NIV to outpatient set-up using an

Hypercapnia in an obese subject

pH

Yes No

NIV

OSANo OSA

Invasive 

ventilation

NIV

(acute setting)

Follow (1)

after extubation
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after pH correction

<7.35 >7.35

Polygraphy/

polysomnography(1)

Severity criteria

(encephalopathy, shock)

or NIV contraindication

PaCO2

>50 mmHg <50 mmHg

CPAP trial

Remained hypercapnicPaCO2
 at 3 months

NIV

Continue NIV
Try switch to 

CPAP

Continue 

CPAP
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NIV

>45 mmHg <45 mmHg YesNo

FIGURE 2 Proposed flowchart for ventilatory management of patients with obesity hypoventilation. OSA: obstructive sleep apnoea; NIV: non-invasive
ventilation; PaCO2

: arterial carbon dioxide tension; CPAP: continuous positive airway pressure.
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auto-EPAP volume-targeted approach in patients with obesity-related respiratory failure. The study
recruited 82 patients in the UK and France, and in both health systems demonstrated clinical safety,
measured by control of daytime carbon dioxide (change in PaCO2

: auto-NIV −0.85±1.04 kPa,
fixed-pressure NIV −0.44±1.06 kPa), health-related quality of life (Severe Respiratory Insufficiency
questionnaire: fixed bilevel 56.4±20.1, auto-NIV 62.9±21.2; difference −1.96 (95% CI −8.8–4.9)) and
cost (non-significant increase in cost of auto-NIV compared to fixed bilevel NIV: GBP 188.20 (95% CI
−61.61–438.01)) [123]. An important pitfall to avoid with auto-EPAP volume-targeted modes is the
misconception that they simplify or obviate the need for a titration protocol. It is important to
acknowledge the basic principle that to improve outcomes in patients with CRF, there needs to be an
improvement in daytime carbon dioxide levels and that this is achieved by control of SDB. It is therefore
essential, if using these modes, that control of SDB is demonstrated and that settings are adjusted in order
to achieve this. Similar to the use of extended ramps rendering patients vulnerable to residual SDB during
the pressurisation period, wide parameters set for these devices allow for periods of inadequate settings
and residual pathology [124]. Similarly, if the target volume is increased but the PS limits are unchanged,
the device may be unable to reach the desired goal, leaving the patient under-treated. The accuracy of
these estimated parameters must also be considered, in particular during period of high leaks [112]. It
must be clear that hybrid devices are no replacement for an experienced multidisciplinary team providing
careful NIV titration, appropriate mask fit and patient education.

Summary
In summary, obesity has a major impact on respiratory mechanics and function. Obesity-related respiratory
disturbances, including OSA, are associated with an increased incidence of ARF and CRF. Management of
respiratory failure in these patients depends on the patient’s underlying situation and on sleep study results.

In the acute setting, NIV must be prioritised and is the gold standard treatment in all but the most severe
cases. In steady-state situations, for patients with stable CRF, administering non-invasive PAP is presently
the treatment of choice to treat associated SDB in stable OHS patients. Both CPAP and NIV seem to be
similarly effective, but they differ in their mechanisms, applications and outcomes. A personalised
approach to the management of OHS should be considered by proposing either NIV or CPAP according to
the severity of hypercapnia and the presence or absence of OSA and its severity. Further studies need to be
conducted to better define the optimal role for each technique in managing OHS patients.

Points for clinical practice

• Obesity-related respiratory disturbances, including OSA, are associated with an increased incidence of ARF
and CRF.

• Management of respiratory failure in these patients depends on the patient’s underlying situation and on
sleep study results.

• In the acute setting, NIV must be prioritised in all but the most severe cases.

• In steady-state situations, administering non-invasive PAP by using CPAP or NIV is presently the treatment
of choice. Both CPAP and NIV seem to be similarly effective, but they differ in their mechanisms,
applications and outcomes.

Provenance: Commissioned article, peer reviewed.

Conflict of interest: C. Rabec, J-P. Janssens and P.B. Murphy declare that they have no competing interests.

References
1 Masa JF, Pepin JL, Borel JC, et al. Obesity hypoventilation syndrome. Eur Respir Rev 2019; 28: 180097.
2 Laaban JP, Chailleux E. Daytime hypercapnia in adult patients with obstructive sleep apnea syndrome in

France, before initiating nocturnal nasal continuous positive airway pressure therapy. Chest 2005; 127:
710–715.

3 Mokhlesi B. Obesity hypoventilation syndrome: a state-of-the-art review. Respir Care 2010; 55: 1347–1362.
4 Borel JC, Borel AL, Monneret D, et al. Obesity hypoventilation syndrome: from sleep-disordered breathing to

systemic comorbidities and the need to offer combined treatment strategies. Respirology 2012; 17: 601–610.
5 Budweiser S, Riedl SG, Jorres RA, et al. Mortality and prognostic factors in patients with

obesity-hypoventilation syndrome undergoing noninvasive ventilation. J Intern Med 2007; 261: 375–383.
6 Nowbar S, Burkart KM, Gonzales R, et al. Obesity-associated hypoventilation in hospitalized patients:

prevalence, effects, and outcome. Am J Med 2004; 116: 1–7.

https://doi.org/10.1183/16000617.0190-2024 12

EUROPEAN RESPIRATORY REVIEW VENTILATION IN THE OBESE | C. RABEC ET AL.



7 Pepin JL, Borel JC, Janssens JP. Obesity hypoventilation syndrome: an underdiagnosed and undertreated
condition. Am J Respir Crit Care Med 2012; 186: 1205–1207.

8 Hales CM, Fryar CD, Carroll MD, et al. Differences in obesity prevalence by demographic characteristics and
urbanization level among adults in the United States, 2013–2016. JAMA 2018; 319: 2419–2429.

9 Pelosi P, Croci M, Ravagnan I, et al. Total respiratory system, lung, and chest wall mechanics in
sedated-paralyzed postoperative morbidly obese patients. Chest 1996; 109: 144–151.

10 Peters U, Suratt BT, Bates JHT, et al. Beyond BMI: obesity and lung disease. Chest 2018; 153: 702–709.
11 Hegewald MJ. Impact of obesity on pulmonary function: current understanding and knowledge gaps. Curr

Opin Pulm Med 2021; 27: 132–140.
12 Salome CM, King GG, Berend N. Physiology of obesity and effects on lung function. J Appl Physiol 2010; 108:

206–211.
13 Behazin N, Jones SB, Cohen RI, et al. Respiratory restriction and elevated pleural and esophageal pressures

in morbid obesity. J Appl Physiol 2010; 108: 212–218.
14 Florio G, De Santis Santiago RR, Fumagalli J, et al. Pleural pressure targeted positive airway pressure

improves cardiopulmonary function in spontaneously breathing patients with obesity. Chest 2021; 159:
2373–2383.

15 Balmain BN, Halverson QM, Tomlinson AR, et al. Obesity blunts the ventilatory response to exercise in men
and women. Ann Am Thorac Soc 2021; 18: 1167–1174.

16 Borel JC, Roux-Lombard P, Tamisier R, et al. Endothelial dysfunction and specific inflammation in obesity
hypoventilation syndrome. PLoS One 2009; 4: e6733.

17 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.

18 Chouri-Pontarollo N, Borel JC, Tamisier R, et al. Impaired objective daytime vigilance in obesity-hypoventilation
syndrome: impact of noninvasive ventilation. Chest 2007; 131: 148–155.

19 Marillier M, Bernard AC, Reimao G, et al. Breathing at extremes: the restrictive consequences of super- and
super-super obesity in men and women. Chest 2020; 158: 1576–1585.

20 Alsumali A, Al-Hawag A, Bairdain S, et al. The impact of bariatric surgery on pulmonary function: a
meta-analysis. Surg Obes Relat Dis 2018; 14: 225–236.

21 Cesanelli L, Cesanelli F, Degens H, et al. Obesity-related reduced spirometry and altered breathing pattern
are associated with mechanical disadvantage of the diaphragm. Respir Physiol Neurobiol 2024; 325: 104267.

22 de Campos EC, Peixoto-Souza FS, Alves VC, et al. Improvement in lung function and functional capacity in
morbidly obese women subjected to bariatric surgery. Clinics 2018; 73: e20.

23 de Sant’Anna M Jr, Carvalhal RF, Oliveira F, et al. Respiratory mechanics of patients with morbid obesity.
J Bras Pneumol 2019; 45: e20180311.

24 Carvalho T, Soares AF, Climaco DCS, et al. Correlation of lung function and respiratory muscle strength with
functional exercise capacity in obese individuals with obstructive sleep apnea syndrome. J Bras Pneumol
2018; 44: 279–284.

25 Masa JF, Celli BR, Riesco JA, et al. The obesity hypoventilation syndrome can be treated with noninvasive
mechanical ventilation. Chest 2001; 119: 1102–1107.

26 Janssens JP, Derivaz S, Breitenstein E, et al. Changing patterns in long-term noninvasive ventilation: a
7-year prospective study in the Geneva Lake area. Chest 2003; 123: 67–79.

27 Caicedo-Trujillo S, Torres-Castro R, Vasconcello-Castillo L, et al. Inspiratory muscle training in patients with
obesity: a systematic review and meta-analysis. Front Med 2023; 10: 1284689.

28 Wise RA, Enright PL, Connett JE, et al. Effect of weight gain on pulmonary function after smoking cessation
in the Lung Health Study. Am J Respir Crit Care Med 1998; 157: 866–872.

29 Murphy PB, Davidson C, Hind MD, et al. Volume targeted versus pressure support non-invasive ventilation in
patients with super obesity and chronic respiratory failure: a randomised controlled trial. Thorax 2012; 67:
727–734.

30 Perez de Llano LA, Golpe R, Ortiz Piquer M, et al. Short-term and long-term effects of nasal intermittent
positive pressure ventilation in patients with obesity-hypoventilation syndrome. Chest 2005; 128: 587–594.

31 Beuther DA, Weiss ST, Sutherland ER. Obesity and asthma. Am J Respir Crit Care Med 2006; 174: 112–119.
32 Lin CK, Lin CC. Work of breathing and respiratory drive in obesity. Respirology 2012; 17: 402–411.
33 Baffi CW, Wood L, Winnica D, et al. Metabolic syndrome and the lung. Chest 2016; 149: 1525–1534.
34 Campo A, Fruhbeck G, Zulueta JJ, et al. Hyperleptinaemia, respiratory drive and hypercapnic response in

obese patients. Eur Respir J 2007; 30: 223–231.
35 O’Donnell CP, Tankersley CG, Polotsky VP, et al. Leptin, obesity, and respiratory function. Respir Physiol

2000; 119: 163–170.
36 Redolfi S, Corda L, La Piana G, et al. Long-term non-invasive ventilation increases chemosensitivity and

leptin in obesity-hypoventilation syndrome. Respir Med 2007; 101: 1191–1195.
37 Yee BJ, Cheung J, Phipps P, et al. Treatment of obesity hypoventilation syndrome and serum leptin.

Respiration 2006; 73: 209–212.

https://doi.org/10.1183/16000617.0190-2024 13

EUROPEAN RESPIRATORY REVIEW VENTILATION IN THE OBESE | C. RABEC ET AL.



38 Shore SA. Obesity, airway hyperresponsiveness, and inflammation. J Appl Physiol 2010; 108: 735–743.
39 Ayappa I, Berger KI, Norman RG, et al. Hypercapnia and ventilatory periodicity in obstructive sleep apnea

syndrome. Am J Respir Crit Care Med 2002; 166: 1112–1115.
40 Berger KI, Ayappa I, Sorkin IB, et al. Postevent ventilation as a function of CO2 load during respiratory

events in obstructive sleep apnea. J Appl Physiol 2002; 93: 917–924.
41 White DP, Douglas NJ, Pickett CK, et al. Sleep deprivation and the control of ventilation. Am Rev Respir Dis

1983; 128: 984–986.
42 Neder JA, Berton D, Rocha A, et al. Abnormal patterns of response to incremental CPET. In: Palange P,

Laveneziana P, Neder JA, et al. eds. Clinical Exercise Testing (ERS Monograph). Sheffield, European
Respiratory Society, 2018; pp. 34–58.

43 Han T, Zhang L, Yu CY, et al. Ventilatory response to exercise is preserved in patients with obesity
hypoventilation syndrome. J Clin Sleep Med 2020; 16: 2089–2098.

44 Parameswaran K, Todd DC, Soth M, et al. Altered respiratory physiology in obesity. Can Respir J 2006; 13:
203–210.

45 Kress JP, Pohlman AS, Alverdy J, et al. The impact of morbid obesity on oxygen cost of breathing (V̇O2RESP)
at rest. Am J Respir Crit Care Med 1999; 160: 883–886.

46 Bahammam AS, Al-Jawder SE. Managing acute respiratory decompensation in the morbidly obese.
Respirology 2012; 17: 759–771.

47 Rabec C, de Lucas Ramos P, Veale D. Respiratory complications of obesity. Arch Bronconeumol 2011; 47:
252–261.

48 Fitting J-W. Transfer factor for carbon monoxide: a glance behind the scene. Swiss Med Wkly 2004; 134:
413–418.

49 Banerjee D, Yee BJ, Piper AJ, et al. Obesity hypoventilation syndrome: hypoxemia during continuous
positive airway pressure. Chest 2007; 131: 1678–1684.

50 Mandal S, Suh ES, Harding R, et al. Nutrition and Exercise Rehabilitation in Obesity hypoventilation
syndrome (NERO): a pilot randomised controlled trial. Thorax 2018; 73: 62–69.

51 Schurmans G, Caty G, Reychler G. Is the peri-bariatric surgery exercise program effective in adults with
obesity: a systematic review. Obes Surg 2022; 32: 512–535.

52 Patout M, Lhuillier E, Kaltsakas G, et al. Long-term survival following initiation of home non-invasive
ventilation: a European study. Thorax 2020; 75: 965–973.

53 Mokhlesi B, Masa JF, Brozek JL, et al. Evaluation and management of obesity hypoventilation syndrome. An
official American Thoracic Society clinical practice guideline. Am J Respir Crit Care Med 2019; 200: e6–e24.

54 Mallampati SR, Gatt SP, Gugino LD, et al. A clinical sign to predict difficult tracheal intubation: a prospective
study. Can Anaesth Soc J 1985; 32: 429–434.

55 Andersen LH, Rovsing L, Olsen KS. GlideScope videolaryngoscope vs. Macintosh direct laryngoscope for
intubation of morbidly obese patients: a randomized trial. Acta Anaesthesiol Scand 2011; 55: 1090–1097.

56 Futier E, Constantin JM, Pelosi P, et al. Noninvasive ventilation and alveolar recruitment maneuver improve
respiratory function during and after intubation of morbidly obese patients: a randomized controlled study.
Anesthesiology 2011; 114: 1354–1363.

57 Vourc’h M, Baud G, Feuillet F, et al. High-flow nasal cannulae versus non-invasive ventilation for
preoxygenation of obese patients: the PREOPTIPOP randomized trial. EClinicalMedicine 2019; 13: 112–119.

58 Malhotra A, Hillman D. Obesity and the lung: 3. Obesity, respiration and intensive care. Thorax 2008; 63:
925–931.

59 Umbrello M, Fumagalli J, Pesenti A, et al. Pathophysiology and management of acute respiratory distress
syndrome in obese patients. Semin Respir Crit Care Med 2019; 40: 40–56.

60 Fernandez-Bustamante A, Hashimoto S, Serpa Neto A, et al. Perioperative lung protective ventilation in
obese patients. BMC Anesthesiol 2015; 15: 56.

61 De Jong A, Chanques G, Jaber S. Mechanical ventilation in obese ICU patients: from intubation to
extubation. Crit Care 2017; 21: 63.

62 De Santis Santiago R, Teggia Droghi M, Fumagalli J, et al. High pleural pressure prevents alveolar
overdistension and hemodynamic collapse in acute respiratory distress syndrome with class III obesity. A
clinical trial. Am J Respir Crit Care Med 2021; 203: 575–584.

63 Fumagalli J, Berra L, Zhang C, et al. Transpulmonary pressure describes lung morphology during
decremental positive end-expiratory pressure trials in obesity. Crit Care Med 2017; 45: 1374–1381.

64 Fumagalli J, Santiago RRS, Teggia Droghi M, et al. Lung recruitment in obese patients with acute respiratory
distress syndrome. Anesthesiology 2019; 130: 791–803.

65 Zhao Y, Li Z, Yang T, et al. Is body mass index associated with outcomes of mechanically ventilated adult
patients in intensive critical units? A systematic review and meta-analysis. PLoS One 2018; 13: e0198669.

66 Kacmarek RM, Wanderley HV, Villar J, et al. Weaning patients with obesity from ventilatory support. Curr
Opin Crit Care 2021; 27: 311–319.

https://doi.org/10.1183/16000617.0190-2024 14

EUROPEAN RESPIRATORY REVIEW VENTILATION IN THE OBESE | C. RABEC ET AL.



67 Frat JP, Gissot V, Ragot S, et al. Impact of obesity in mechanically ventilated patients: a prospective study.
Intensive Care Med 2008; 34: 1991–1998.

68 Jaber S, Chanques G, Matecki S, et al. Post-extubation stridor in intensive care unit patients. Risk factors
evaluation and importance of the cuff-leak test. Intensive Care Med 2003; 29: 69–74.

69 Waki H, Tontonoz P. Endocrine functions of adipose tissue. Annu Rev Pathol 2007; 2: 31–56.
70 Mancuso P, Gottschalk A, Phare SM, et al. Leptin-deficient mice exhibit impaired host defense in

Gram-negative pneumonia. J Immunol 2002; 168: 4018–4024.
71 Robinson K, Prins J, Venkatesh B. Clinical review: adiponectin biology and its role in inflammation and

critical illness. Crit Care 2011; 15: 221.
72 Zhi G, Xin W, Ying W, et al. “Obesity paradox” in acute respiratory distress syndrome: a systematic review

and meta-analysis. PLoS One 2016; 11: e0163677.
73 Alhajhusain A, Ali AW, Najmuddin A, et al. Timing of tracheotomy in mechanically ventilated critically ill

morbidly obese patients. Crit Care Res Pract 2014; 2014: 840638.
74 De Jong A, Bignon A, Stephan F, et al. Effect of non-invasive ventilation after extubation in critically ill

patients with obesity in France: a multicentre, unblinded, pragmatic randomised clinical trial. Lancet Respir
Med 2023; 11: 530–539.

75 El-Solh AA, Aquilina A, Pineda L, et al. Noninvasive ventilation for prevention of post-extubation respiratory
failure in obese patients. Eur Respir J 2006; 28: 588–595.

76 Thille AW, Coudroy R, Nay MA, et al. Beneficial effects of noninvasive ventilation after extubation in obese or
overweight patients: a post hoc analysis of a randomized clinical trial. Am J Respir Crit Care Med 2022; 205:
440–449.

77 Rochwerg B, Brochard L, Elliott MW, et al. Official ERS/ATS clinical practice guidelines: noninvasive
ventilation for acute respiratory failure. Eur Respir J 2017; 50: 1602426.

78 Faqihi BM, Trethewey SP, Morlet J, et al. Bilevel positive airway pressure ventilation for non-COPD acute
hypercapnic respiratory failure patients: a systematic review and meta-analysis. Ann Thorac Med 2021; 16:
306–322.

79 Rabec C, Merati M, Baudouin N, et al. Prise en charge de l’obèse en décompensation respiratoire. Intérêt de
la ventilation nasale à double niveau de pression. [Management of obesity and respiratory insufficiency. The
value of dual-level pressure nasal ventilation.] Rev Mal Respir 1998; 15: 269–278.

80 Carrillo A, Ferrer M, Gonzalez-Diaz G, et al. Noninvasive ventilation in acute hypercapnic respiratory failure
caused by obesity hypoventilation syndrome and chronic obstructive pulmonary disease. Am J Respir Crit
Care Med 2012; 186: 1279–1285.

81 Chebib N, Nesme P, Freymond N, et al. Acute respiratory failure in obesity-hypoventilation syndrome
managed in the ICU. Respir Care 2019; 64: 1545–1554.

82 Lemyze M, Taufour P, Duhamel A, et al. Determinants of noninvasive ventilation success or failure in
morbidly obese patients in acute respiratory failure. PLoS One 2014; 9: e97563.

83 Duarte AG, Justino E, Bigler T, et al. Outcomes of morbidly obese patients requiring mechanical ventilation
for acute respiratory failure. Crit Care Med 2007; 35: 732–737.

84 De Jong A, Molinari N, Pouzeratte Y, et al. Difficult intubation in obese patients: incidence, risk factors, and
complications in the operating theatre and in intensive care units. Br J Anaesth 2015; 114: 297–306.

85 Marik PE, Chen C. The clinical characteristics and hospital and post-hospital survival of patients with the
obesity hypoventilation syndrome: analysis of a large cohort. Obes Sci Pract 2016; 2: 40–47.

86 Marik PE, Desai H. Characteristics of patients with the “malignant obesity hypoventilation syndrome”
admitted to an ICU. J Intensive Care Med 2013; 28: 124–130.

87 Sakr Y, Alhussami I, Nanchal R, et al. Being overweight is associated with greater survival in ICU patients:
results from the intensive care over nations audit. Crit Care Med 2015; 43: 2623–2632.

88 Berger KI, Ayappa I, Sorkin IB, et al. CO2 homeostasis during periodic breathing in obstructive sleep apnea.
J Appl Physiol 2000; 88: 257–264.

89 Masa JF, Corral J, Alonso ML, et al. Efficacy of different treatment alternatives for obesity hypoventilation
syndrome. Pickwick study. Am J Respir Crit Care Med 2015; 192: 86–95.

90 Lloyd-Owen SJ, Donaldson GC, Ambrosino N, et al. Patterns of home mechanical ventilation use in Europe:
results from the Eurovent survey. Eur Respir J 2005; 25: 1025–1031.

91 Contal O, Adler D, Borel JC, et al. Impact of different backup respiratory rates on the efficacy of noninvasive
positive pressure ventilation in obesity hypoventilation syndrome: a randomized trial. Chest 2013; 143:
37–46.

92 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: 437–444.

93 Masa JF, Mokhlesi B, Benitez I, et al. Long-term clinical effectiveness of continuous positive airway pressure
therapy versus non-invasive ventilation therapy in patients with obesity hypoventilation syndrome: a
multicentre, open-label, randomised controlled trial. Lancet 2019; 393: 1721–1732.

https://doi.org/10.1183/16000617.0190-2024 15

EUROPEAN RESPIRATORY REVIEW VENTILATION IN THE OBESE | C. RABEC ET AL.



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

95 Patout M, Gagnadoux F, Rabec C, et al. AVAPS-AE versus ST mode: a randomized controlled trial in patients
with obesity hypoventilation syndrome. Respirology 2020; 25: 1073–1081.

96 Priou P, Hamel JF, Person C, et al. Long-term outcome of noninvasive positive pressure ventilation for
obesity hypoventilation syndrome. Chest 2010; 138: 84–90.

97 Neborak JM, Nowalk NC, Mokhlesi B. The overlap of obesity-hypoventilation syndrome and obstructive sleep
apnea: how to treat? Arch Bronconeumol 2022; 58: 531–532.

98 Rabec C, Gonzalez-Bermejo J, Cuvelier A, et al. Cohorte de patients nouvellement traités par ventilation non
invasive à domicile. Étude observationnelle, prospective et multicentrique. [Cohort of patients initiated to
home ventilation. Observational and prospective study.] Rev Mal Respir 2018; 35: 88–93.

99 Janssens JP, Metzger M, Sforza E. Impact of volume targeting on efficacy of bi-level non-invasive ventilation
and sleep in obesity-hypoventilation. Respir Med 2009; 103: 165–172.

100 Mathieu L, Rabec C, Beltramo G, et al. Real-life evaluation of NIV to CPAP switch in patients with chronic
respiratory failure. A case control study. Respir Med Res 2024; 86: 101114.

101 Orfanos S, Jaffuel D, Perrin C, et al. Switch of noninvasive ventilation (NIV) to continuous positive airway
pressure (CPAP) in patients with obesity hypoventilation syndrome: a pilot study. BMC Pulm Med 2017; 17: 50.

102 Athayde RAB, Oliveira Filho JRB, Lorenzi Filho G, et al. Obesity hypoventilation syndrome: a current review.
J Bras Pneumol 2018; 44: 510–518.

103 Iftikhar IH, Roland J. Obesity hypoventilation syndrome. Clin Chest Med 2018; 39: 427–436.
104 Murphy PB, Suh ES, Hart N. Non-invasive ventilation for obese patients with chronic respiratory failure: are

two pressures always better than one? Respirology 2019; 24: 952–961.
105 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: 820–827.
106 Schafer H, Ewig S, Hasper E, et al. Failure of CPAP therapy in obstructive sleep apnoea syndrome: predictive

factors and treatment with bilevel-positive airway pressure. Respir Med 1998; 92: 208–215.
107 Windisch W, Storre JH, Sorichter S, et al. Comparison of volume- and pressure-limited NPPV at night: a

prospective randomized cross-over trial. Respir Med 2005; 99: 52–59.
108 Douglas NJ, White DP, Pickett CK, et al. Respiration during sleep in normal man. Thorax 1982; 37: 840–844.
109 Stradling JR, Chadwick GA, Frew AJ. Changes in ventilation and its components in normal subjects during

sleep. Thorax 1985; 40: 364–370.
110 Ambrogio C, Lowman X, Kuo M, et al. Sleep and non-invasive ventilation in patients with chronic respiratory

insufficiency. Intensive Care Med 2009; 35: 306–313.
111 Steier J, Jolley CJ, Seymour J, et al. Neural respiratory drive in obesity. Thorax 2009; 64: 719–725.
112 Delorme M, Leroux K, Leotard A, et al. Noninvasive ventilation automated technologies: a bench evaluation

of device responses to sleep-related respiratory events. Respir Care 2023; 68: 18–30.
113 Rabec C, Emeriaud G, Amadeo A, et al. New modes in non-invasive ventilation. Paediatr Respir Rev 2016; 18:

73–84.
114 Storre JH, Seuthe B, Fiechter R, et al. Average volume-assured pressure support in obesity hypoventilation:

a randomized crossover trial. Chest 2006; 130: 815–821.
115 Jaye J, Chatwin M, Dayer M, et al. Autotitrating versus standard noninvasive ventilation: a randomised

crossover trial. Eur Respir J 2009; 33: 566–571.
116 Storre JH, Matrosovich E, Ekkernkamp E, et al. Home mechanical ventilation for COPD: high-intensity versus

target volume noninvasive ventilation. Respir Care 2014; 59: 1389–1397.
117 Murphy PB, Arbane G, Ramsay M, et al. Safety and efficacy of auto-titrating noninvasive ventilation in COPD

and obstructive sleep apnoea overlap syndrome. Eur Respir J 2015; 46: 548–551.
118 Nilius G, Katamadze N, Domanski U, et al. Non-invasive ventilation with intelligent volume-assured pressure

support versus pressure-controlled ventilation: effects on the respiratory event rate and sleep quality in
COPD with chronic hypercapnia. Int J Chron Obstruct Pulmon Dis 2017; 12: 1039–1045.

119 Masa JF, Mokhlesi B, Benitez I, et al. Cost-effectiveness of positive airway pressure modalities in obesity
hypoventilation syndrome with severe obstructive sleep apnoea. Thorax 2020; 75: 459–467.

120 Lujan M, Lalmolda C. Ventilators, settings, autotitration algorithms. J Clin Med 2023; 12: 2942.
121 Fasquel L, Yazdani P, Zaugg C, et al. Impact of unintentional air leaks on automatic positive airway pressure

device performance in simulated sleep apnea events. Respir Care 2023; 68: 31–37.
122 Orr JE, Coleman J, Criner GJ, et al. Automatic EPAP intelligent volume-assured pressure support is effective

in patients with chronic respiratory failure: a randomized trial. Respirology 2019; 24: 1204–1211.
123 Murphy PB, Patout M, Arbane G, et al. Cost-effectiveness of outpatient versus inpatient non-invasive

ventilation setup in obesity hypoventilation syndrome: the OPIP trial. Thorax 2023; 78: 24–31.
124 Gonzalez-Bermejo J, Rabec C, Perrin C, et al. Treatment failure due to use of a ‘ramp’ option on pressure

support home ventilators. Thorax 2016; 71: 764–766.

https://doi.org/10.1183/16000617.0190-2024 16

EUROPEAN RESPIRATORY REVIEW VENTILATION IN THE OBESE | C. RABEC ET AL.


	Ventilation in the obese: physiological insights and management
	Abstract
	Introduction
	Methods
	Pathophysiological insights regarding pulmonary function tests in obesity
	Static lung volumes
	Non-invasive assessment of respiratory muscles
	Dynamic lung volumes
	Respiratory drive
	Respiratory pattern
	Work of breathing
	Gas exchange
	Exercise training and rehabilitation in OHS
	Screening for respiratory abnormalities in the obese patient

	Ventilatory management in the obese patient
	Management of ARF in obesity
	Invasive ventilation
	Non-invasive ventilation
	Management of chronic respiratory failure: CPAP or NIV?
	Role of hybrid modes of NIV

	Summary
	References


