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Obesity leads to multi-system morbidity and has particular negative consequences for the respiratory system leading to sleep disordered breathing and respiratory failure (obesity related respiratory failure; ORRF).
As rates of obesity rise (1) so the respiratory complications of obesity, which are already prevalent, will
rise further. Patients presenting with ORRF, or being
admitted for elective procedures with previously established respiratory failure, will become an increasing challenge both to acute physicians and anaesthetists (2). In this review, we aim to summarise the
consequences of obesity on respiratory physiology
and thus the underlying mechanisms by which non-invasive ventilation is an useful therapeutic tool in the
care of these patients. We will then provide some
practical guidance of the management of these patients, along with peri-operative considerations that
should be made.
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Despite the high prevalence of obesity and its associated respiratory complications, obesity-related respiratory failure remains frequently missed
during acute admissions to hospital. Even when
respiratory failure is severe and requiring critical
care it may be attributed to factors other than obesity. The acute management of such patients involves the identification and treatment of the underlying precipitant of decompensation, such as
acute infection, with supportive management of
respiratory failure. When possible, this should be
delivered non-invasively to reduce the morbidity
associated with invasive mechanical ventilation.
However, the outcome of patients with obesity in
critical care is often above that which may be expected and obesity alone should not preclude escalation to invasive ventilation. Adequate non-invasive ventilation set up is required to ensure adequate maintenance of physiological parameters.
Once the acute insult has resolved thought should
be given to assessment and management of any
chronic respiratory failure with home mechanical
ventilation. This should be operated by centres experienced with the use and provision of home mechanical ventilation.
KEY WORDS: acute respiratory failure, non-invasive
ventilation, obesity-hypoventilation syndrome.
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ORRF is a relatively common complication of obesity.
In patients undergoing bariatric procedures, the
prevalence of respiratory failure was 8-14%, depending upon BMI (3). Although these patients can present
with hypoxic respiratory failure (type I), they commonly suffer from ventilatory failure (type II) (4). To understand how to manage obesity-related respiratory failure, it is important to understand the pathophysiological basis of this predisposition for their respiratory
system to decompensate.
An useful framework to demonstrate the physiological
basis of ORRF is the respiratory muscle load-capacity-drive model (5, 6). Obese individuals tend to
breathe at lower volumes (7, 8) due to an increased
load on the system. This leads to gas trapping, generating intrinsic positive end-expiratory pressure
(PEEPi) and increases the resistance in the airways. In
Obesity related readdition, pulmonary complispiratory failure is
ance reduces due to mass
usually due to an inloading in the chest (9),
crease in the work of
breathing at lower volumes
breathing without a
(10) and reduced lung commatched increase in
pliance due to increased
neural drive and mupulmonary blood volume
scle recruitment lea(11). All of these changes
ding to ventilatory
lead to an increase in the
failure and hypercapwork of breathing, which
nia.
necessitates an increase in
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response will persist beyond sleep, leading to daytime
hypoventilation and hypercapnia. The worsened pulmonary mechanics and reduced chemosensitivity to
transient carbon dioxide rises in OHS further increase
the risk of respiratory deterioration and decompensated respiratory failure (34).
Acute decompensation
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Obesity related respiratory failure may complicate other acute presentations which would not normally be
associated with respiratory failure in isolation (35).
Clinicians across specialties therefore need to be
aware of the risk of obesity related respiratory failure
complicating an acute admission secondary to other
causes. Common causes of acute decompensation include pneumonia, acute cardiac failure and sepsis
(34, 36, 37). An acute decompensation leads to hypoxia and hypercapnia, which causes respiratory
muscle fatigue, worsening the clinical picture. Highacuity care of obese patients presents several challenges that can lead to increased risk of poor outcomes (38, 39).
Despite the complications listed in Table 1, several
studies have demonstrated that obese patients appear to have a paradoxically lower mortality in intensive care than non-obese individuals when co-morbidity and disease severity are accounted for (40, 48).
Examining these data in further detail demonstrates
that the survival benefit is conferred only in patients
requiring invasive mechanical ventilation (49, 50).
Furthermore, as expected the presence of multi-organ
failure results in worse clinical outcomes (48).
The reasons for this obesity paradox are not clear. It
is postulated that lung-protective ventilation can be
more successfully delivered to obese patients, as the
driving pressure is moderated by increased muscle
load, which results in a reduced transpulmonary pressure. One study demonstrated that their morbidly
obese mechanically ventilated cohort were generally
younger, with lower comorbidity scores and fewer organ failures (48). On the other hand, the increased
physical requirement of care, and high anticipation of
complications may result in obese patients being
triaged to receive higher level care than their equivalent non-obese counterparts.
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neural drive, with increased muscle recruitment (7) to
match this increased need. Overall there is reduced
reserve within the respiratory system to overcome extra requirements occurring during insults such as respiratory infections. Thus, obese individuals are at a
higher risk of acute respiratory deterioration than nonobese individuals (12-14). It should be noted that
when managing patients with ORRF, it is important to
treat the underlying cause of the respiratory failure, as
well as the failure itself.
Obese individuals are predisposed to sleep-disordered breathing (15-17). When supine, the upper airways are narrowed due to mechanical pressure of increased adiposity (18-20). Central adiposity projects
the diaphragm cranially when lying flat, further increasing the mass load (8). This results in a further reduction in functional residual capacity in the lower airways and a resultant ventilation-perfusion mismatch.
The usual physiological changes during sleep such as
reduced neural respiratory drive further compromise
the respiratory system, which combined with the ventilation-perfusion mismatch can lead to night-time hypercapnia. In patients being assessed for bariatric
procedures, up to 75% demonstrated evidence of
sleep-disordered breathing (21).
Obesity-hypoventilation syndrome (OHS) is a triad of
obesity, sleep disordered breathing and ventilatory
failure (daytime hypercapnia) in the absence of another cause of hypoventilation (22). The prevalence of
OHS in the general population has not been formally
assessed with large datasets, however it has been estimated as 0.15-0.6% in the general population (23)
and 10-20% in obese individuals (24). OHS patients
have increased oxygen consumption and carbon dioxide production due to increased metabolic activity in
the excess adipose tissue (25-28). An increase in
minute ventilation is required to match the increased
ventilatory demand imposed by obesity. In OHS, there
is a failure to increase neural drive to match this increased load (29-32). It is not clear why some obese
individuals develop OHS, while others do not; the
mechanism leading to daytime hypercapnia remains
uncertain. A possible explanation involves the renal
retention of bicarbonate in response to night-time hypercapnia (33). With repeated episodes of hypercapnia, further bicarbonate is retained. The effect of elevated bicarbonate in blunting hypercapnic ventilatory
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Table 1 - Obesity related complications.
Obesity related complications

Increased risk of acute respiratory distress syndrome (ARDS)

Higher rates of health care associated infections

Increased risk of veno-thromboembolism

More likely to suffer from drug errors e.g. under dosing
Delayed enteral feeding

Shortness of Breath 2016; 5 (2-3):84-91
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(40, 41)

(42, 43)

(44)

(45, 46)
(47)
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Obese individuals can suffer from either hypoxic or
hypercapnic respiratory failure, however are more
likely to deteriorate due to hypercapnic failure. As a
cause of hypercapnia is an increase in the work of
breathing, and obese patients have a reduced ability
of the respiratory system to match this increased requirement, treatment should involve reducing the work
of breathing. Foremost, the underlying cause of the
deterioration must be elucidated and treated aggressively. In patients with respiratory failure to support
the individual whilst the underlying cause for decompensation is treated, ventilation therapy can be used.
The cornerstone treatment
for patients with hypercapNIV in acute decomnic failure not requiring inpensated hypercapvasive mechanical ventilanic respiratory failure
tion is bi-level non-invasive
due to obesity-hypoventilation (NIV). NIV has
ventilation syndrome
been demonstrated to be
is equally effective
an effective management
and a slightly better
strategy in patients with
longer-term outcome
acute hypercapnic failure,
than in exacerbated
COPD.
with improved outcomes including length of stay, requirement for mechanical ventilation and mortality
(51-54). Whilst the evidence for NIV in acute decompensated hypercapnic respiratory failure is primarily in
patients with chronic obstructive pulmonary disease,
in OHS, it is equally effective and may have slightly
better longer-term outcomes than COPD (36, 37). In
fact, OHS has become the second-most common indication for acute NIV after COPD (55-57) demonstrating the increased importance of knowledge and understanding of the respiratory physiology of this patient group.
Selection of patients who are suitable for treatment with
NIV is important. Patients who are severely unwell or
have multi-organ failure should be supported with endotracheal intubation and mechanical ventilation, given
the poor clinical outcomes associated with obesity and
multi-organ failure (37, 48). Careful consideration
needs to be given to patients who are unlikely to tolerate NIV. Predicting outcome with NIV is notoriously difficult (58). Markers that may suggest NIV failure are
displayed in Table 2. However studies tend to investigate NIV use in patients with COPD. No studies have
been performed to investigate prognostic markers with

NIV exclusively in OHS patients. In patients already established on domiciliary therapy for ORRF, the best predictor for NIV failure is previous poor tolerance to positive airway pressure therapy (38).
There is no strong evidence to argue for the use of a
particular type of NIV interface. Patients in ORRF tend
to be mouth-breathers and so there may be a theoretical advantage in using an oro-nasal mask to reduce
mouth air leak (34, 65-67). This is consistent with a
survey that demonstrated that oro-nasal masks were
the first choice interface to use in acute ventilatory
failure (68).
In obese patients, one of the functions of NIV is to
overcome the upper airway obstruction caused by adipose tissue in the neck and reduced pharyngeal dilator muscle tone; it acts to reduce airways resistance
and therefore work of breathing. Thus, high expiratory
(EPAP) and inspiratory positive airway pressures
(IPAP) are usually required to effectively ventilate patients with OHS (69, 70). EPAP should be started at 5
cmH2O and be increased to
alleviate snoring, repetitive
An EPAP as high as
desaturations and apnoeas
15 cmH2O may be required during sleep
occurring during sleep. An
but can be lowered
EPAP as high as 15 cmH2O
during wakefulness
may be required during
to promote comfort.
sleep but can be lowered
during wakefulness to promote comfort. IPAP should be initially delivered at 16
cmH2O, and increased to visibly augment chest expansion and reduce excess work of breathing with the
aim to keep oxygen saturations between 88 and 92%.
Typically IPAP needs to be at least 10 cmH2O above
EPAP, and can be as high as 30 cmH2O. If saturations
are not maintained between 88-92% despite adequate
ventilation with appropriate ventilatory pressures,
well-controlled supplemental oxygen can be entrained
cautiously (71, 72). If tidal volumes are not adequate,
due to the high EPAP, volume-controlled or volumeassured modes of ventilation can be considered but
should be used with specialist advice (73, 74). The patient’s blood gases should be reviewed an hour after
set-up onto NIV, to ensure physiological improvement
and optimise the settings as required. To reduce the
anxiety associated with arterial blood sampling (75),
venous samples (76) or transcutaneous carbon dioxide monitoring (77, 78) can be used to assess response of respiratory failure to therapy in these patients.
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Table 2 - Predictors of poor outcome with NIV.
Predictors of poor outcome with NIV
Low initial pH

High initial PaCO2

Consolidation on chest radiograph

Higher ICU severity score

Low baseline activity of daily living score
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Reference
(59-63)

(61)

(37, 59, 64)

(37, 64)

(61, 64)
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events during the induction
To reduce the risk of
and postoperative periods.
peri-operative comPre-oxygenation is a useful
plications, pre-oxytool to reduce the risk of hygenation combined
poxic events (92); pre-oxywith low pressure
genation combined with low
continuous positive
pressure continuous posiairway pressure (5
tive airway pressure (5
cmH2O) can result in
cmH2O) resulted in fewer
fewer desaturations
desaturations and apnoeas
and apnoeas.
(93-95). Pre-oxygenation in
the sitting position improved the tolerance to apnoea
considerably (96). Pre-oxygenation is also an effective
protective strategy in the emergency intubation of
obese individuals (97).
Postoperatively, opioid analgesia can exacerbate reduced neural drive in obese individuals compromising
ventilation. An opioid-sparing analgesia strategy is an
important consideration to be made during preoperative assessment (98). Hypoventilation in obesity will
exacerbate typical postoperative basal atelectasis;
preoperative and postoperative NIV is an useful adjunctive treatment to aid ventilation to overcome this
atelectasis. A recent meta-analysis has demonstrated
safe and effective use of NIV before and after general
anaesthesia (99, 100).
A high index of suspicion for undiagnosed sleep-disordered breathing should be maintained when preoperatively assessing obese patients, and investigations
organised before surgery as indicated. There is a high
frequency of undiagnosed OSA in surgical patients
(101-104) and OHS is frequently underdiagnosed
(105). This is particularly important because these
conditions are commonly diagnosed in the perioperative period with a presentation of acute respiratory failure (24, 34).
Whilst not within the scope of this review, long-term
management of ORRF is crucial to reduce the risk of
further deteriorations. Management of obesity with referral to bariatric services, is an important step in
these patients’ care (12). Whilst long-term CPAP therapy in eucapnic OSA is associated with weight gain,
the use of HMV in OHS is associated with weight loss
that should be used as part of a multifaceted approach
to care of these patients (106).
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Fluid retention secondary to right heart failure is common in OHS (79). This may impact on the success of
NIV therapy and so forced diuresis should be considered in patients with evidence of fluid overload. Good
oral hygiene, hydration and nutrition are important
components of care whilst the patient is on NIV. While
these low level interventions may improve comfort
during the acute episode, more importantly this improved comfort may prevent the patient from refusing
NIV in the future. Ensuring adequate patient comfort
during acute NIV is important as refusal of therapy following late NIV failure in an acute episode confers a
high mortality (37).
Once clinical recovery is demonstrated, NIV therapy
can be weaned from 24h/day to night-time only ventilation. Initially this should be supported by continuous
cardiorespiratory monitoring; this can be stepped
down if clinical stability is maintained. If this was a first
presentation of possible ORRF, the diagnosis needs
to be confirmed using overnight respiratory polygraphy, lung function testing and imaging as per standard
practice. Other causes of hypercapnic respiratory failure, such as COPD and neuromuscular disease, must
be excluded at this stage. Although the outcome for
patients requiring NIV for ORRF is better than in patients with COPD (36), the outcomes are similar if the
ORRF patients are not established on domiciliary NIV
treatment upon discharge (36). Thus, home mechanical ventilation (HMV) should be considered in these
patients either during admission, or soon after discharge. HMV has been demonstrated to improve daytime hypercapnia (79-82) and apnoea-hypopnoea index (80) compared with lifestyle changes alone.
Whether HMV alters long-term cardiovascular risk is
uncertain but it does not appear to improve the inflammatory cytokine profile associated with such risk (83).
Patients receiving HMV for OHS tend to have longer
survival compared with those with COPD (84). Interestingly, patients treated with HMV for COPD who
were obese had longer survival than those who were
non-obese (85). HMV is also associated with a fall in
pulmonary artery systolic pressure after six months of
therapy (86).
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Peri-operative management of ORRF
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Patients with established ORRF on treatment with
HMV will increasingly be encountered as a part of admissions for elective procedures. Careful preoperative
assessment and planning is crucial to reduce the risk
of peri-operative complications.
All of the physiological consequences of obesity are
exacerbated peri-operatively, as the patient is kept
supine (87). The increased abdominal pressure caused by central adiposity reduces diaphragm movement and limits lung expansion. Obesity is a common
cause of difficult mask ventilation and endotracheal intubation (88-90). As well as the physical challenge of
a narrowed upper airway, the reduced lung volumes
that obese individuals breathe at (8, 91) and the consequent V/Q mismatch increase the risk of hypoxic
Shortness of Breath 2016; 5 (2-3):84-91

Conclusion

Obese patients may present to acute hospital services
via a number of pathways and suspicion for respiratory complications of obesity should be high with appropriate investigation and onward referral. A high index
of suspicion should be maintained in at risk patients
and although screening tools are available an arterial
blood gas is ultimately required if the diagnosis is considered. Patients with obesity related respiratory failure will usually have a precipitating cause for decompensation and this should be investigated and managed alongside aggressive diuresis for any element of
cor pulmonale. Non-invasive ventilation should be the
mainstay of respiratory support, provided acutely to
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