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Abstract
Obesity is a condition that affects multiple organ systems, particularly the cardiovascular and respiratory system. In recent years, bariatric surgery
has been reported to be the gold standard in the treatment of morbid obesity. Body mass index alone is insufficient to predict risks related to
anaesthesia and surgery. Obesity contributes to significant postoperative atelectasis and is considered an independent risk factor for postoperative
atelectasis owing to decreased functional residual capacity. The treatment and reversibility of atelectasis developed in obese patients undergoing
bariatric surgery are challenging. Therefore, an optimisation of pulmonary functions before surgery, lung-sparing ventilation during the perioperative period, awareness of potential postoperative complications and knowledge about preventive measures and therapeutic approaches have
become increasingly important in bariatric surgery. The aim of this review was to aid clinicians in the management of atelectasis in patients
undergoing bariatric surgery during the perioperative and postoperative period.
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Introduction
According to the World Health Organization (WHO), obesity is defined as an excessive or abnormal fat accumulation that poses a risk to health. Based on the body mass index (BMI) calculation by WHO, a BMI ≥30 kg m-2 indicates obesity. Obesity is divided into four categories according to BMI as follows: Class I obesity, BMI: 30.00-34.99;
Class II obesity, BMI: 35.00-39.99; and Class III obesity (morbidly obese), BMI ≥40.00 (1).
The obesity prevalence has increased by three-fold worldwide since 1975. In 2016, 39% of adults aged ≥18 years
(39% of men and 40% of women) has become overweight. Overall, 13% of the world population (11% of men
and 15% of women) was in 2016. It is estimated that approximately one-half of the world population will become
overweight or obese by 2030 (2).
In developed countries, the mortality of obesity is 0.1%, and obesity and related diseases account for 5%-10% of
total healthcare expenses in the United States. In the European Union, the annual cost related to obesity is estimated
to be 70 billion euros. The European Association for the Study of Obesity found that obesity is directly accountable
for 1.5%-4.6% of healthcare expenses in France, whereas it is up to 7% in Spain (3).
In recent years, bariatric surgery has been reported to be the gold standard in the treatment of morbid obesity, as an
effective treatment modality to achieve permanent weight loss and provide protection against polypharmacy, resulting in reduced healthcare costs in the long-term. According to the International Federation of Surgery, a total numCorresponding Author: Sibel Ocak Serin E-mail: rdsibelocak@gmail.com
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ber of bariatric/metabolic surgeries were 593,792 in 2014.
In the United Kingdom, it has been reported that the number of bariatric procedures has increased by thirty-fold in the
past decade. Morbidity is less than 1% in surgical procedures
treating morbid obesity, performed in experienced centres. It
has been postulated that this is due to a better understanding
of short- and long-term surgical complications of bariatric
interventions (4).
Obesity is a condition affecting multiple organ systems, particularly the cardiovascular and respiratory systems. An obese
patient may have several comorbidities, such as hypertension,
dyslipidaemia, ischaemic heart diseases, diabetes mellitus, osteoarthritis and asthma. Also, these patients may present with
a restrictive pattern in the lung function evaluation (usually
with a decreased functional residual capacity), and obstructive sleep apnoea syndrome is common among morbidly
obese patients. Obesity-hypoventilation syndrome a disorder
increasing in frequency that could be responsible for respiratory failure (5).
Body mass index alone is insufficient to predict anaesthesiaand surgery-related risks. The waist or neck circumference
shows a better correlation with cardiovascular disorders
when compared to BMI. The android type fat distribution
makes abdominal surgery challenging and is associated with
an increased fat accumulation at the neck and around the
airways. Therefore, a preoperative assessment is of importance in these patients. In addition, postoperative complications such as atelectasis, aspiration pneumonia, pleural
effusion, pulmonary embolism, or adult respiratory distress
syndrome (ARDS) can be experienced more commonly in
obese patients (6).
Atelectasis is defined as the volume reduction in a one or
more lobes or segments of the lung. With thoracoabdominal
surgeries, the occurrence and extension of postoperative atelectasis depend on the type of anaesthesia and surgery, the patient positioning during the surgery, the agents used for anaesthetic management, and the patient’s baseline preoperative
pulmonary functions (7). Particularly, in patients undergoing
bariatric surgery, obesity contributes to significant postoperative atelectasis and is considered an independent risk factor
for postoperative atelectasis owing to decreased functional
residual capacity. The treatment and reversibility of atelectasis developed in obese patients undergoing bariatric surgeries
are challenging (8). Therefore, an optimisation of pulmonary
functions before surgery, lung-sparing ventilation during the
perioperative period, awareness of potential postoperative
complications and knowledge about preventive measures
(such as effective pain control and early mobilisation of patients) and therapeutic approaches have become increasingly
important in bariatric surgery.
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Clinical effects of bariatric surgery on respiratory
system
The calorie intake and energy expenditure are higher in obese
patients. The basal metabolism rate should be considered according the body surface area. However, the body surface
area is enlarged with increasing body weight; therefore, the
absolute basal metabolism rate is increased when compared
to lean individuals, resulting in a higher oxygen consumption
and carbon dioxide production in obese individuals (9). Hypoxemia tendency in obese patients becomes more prominent
in supine position and anaesthesia during bariatric surgery
because of diaphragm function impairment. The apnoea period should be very short at the anaesthesia induction because
there is a tendency of rapid desaturation progression. In addition, the lung compliance is decreased due to an increased
pulmonary blood volume and an excessive weight of the fat
tissue surrounding the chest wall. Total lung compliance may
be decreased by up to 35%. Small airways are closed, and the
functional residual capacity is significantly reduced by cephalad displacement of abdominal content and an increased intrathoracic blood volume. In non-obese adults, the functional
residual capacity (FRC) is decreased by 0.7-0.8 L in the sitting
position. However, FRC may drop below 1 L in obese patients with a BMI >40 kg m-2. In morbidly obese patients, the
forced vital capacity, forced expiratory volume in one second
1 (FEV1) and mid-expiratory flow are also decreased (10).
Similarly, the alveolar-arterial (A-a) oxygen gradient increases
with increased BMI. Therefore, the FRC approximates the
closing volume during normal tidal ventilation, resulting in
airway closure, ventilation-perfusion mismatch and atelectasis. The incidence of intrapulmonary shunt is also increased.
A reduction in the compliance becomes marked by pneumoperitoneum during laparoscopic surgery. Although there are
reports suggesting that the inverse Trendelenburg position
provides partial recovery in the FRC loss, to the best of our
knowledge, there are no studies indicating that it decreases
postoperative atelectasis. The airway resistance is increased
when the patient is shifted to decubitus from a sitting position.
As a result of these factors, breathing workload is increased
in morbid obesity. Mild preoperative (A-a) O2 gradient and
shunt fraction may markedly worsen during the anaesthesia
induction, and the patient may require high FiO2 and positive
end-expiratory pressure (PEEP) for adequate oxygenation.
Reduced chest wall compliance and diaphragm tone, and an
increased risk for atelectasis and secretions will contribute to
rapid desaturation during hypoventilation or apnoea, which
might be sustained during the postoperative period. Supplemental oxygen alone may be inadequate or even may worsen
atelectasis (11). Rivas et al. (12) showed that in obese patients
undergoing bariatric surgery, the pulmonary shunt and the
perfusion-to-ventilation ratio and subsequent pulmonary gas
exchange can significantly improve after surgery.
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Obesity also increases the risk of obstructive sleep apnoea
(OSA). The OSA syndrome is characterised by apnoea episodes resulting from pharyngeal collapse during sleep, and
it may be obstructive, central or mixed type. The incidence
of OSA increases with an advanced age and obesity. It has
been reported that its prevalence is 2%-24% and that BMI
is >40 kg m-2 in almost one-half of patients with OSA. In
a meta-analysis, it has been reported that OSA is associated
with higher postoperative respiratory failure, cardiac event
and ICU admission rates. Sleep studies are needed for diagnosis of OSA. These patients may be more vulnerable to depressive effects of anaesthetic agents, such as postoperative
oxygen desaturation, hypercapnia or hypoxemia. Respiratory control is affected in obesity hypoventilation syndrome
with observation of diurnal alterations in ventilation and an
increased PaCO2 level. Depressants including many anaesthetic and analgesic drugs make these effects more prominent (13).
Obesity and surgery-related atelectasis
Atelectasis is a common complication that may be observed in
all patient groups undergoing general anaesthesia. Atelectasis
may develop immediately after the induction and cause decreased lung compliance and the ventilation/perfusion (V/Q)
ratio. Unlike non-obese patients, the risk for atelectasis may
continue up to 48 h following extubation in obese patients
(14). In a meta-analysis involving more than 13,000 patients
who underwent bariatric surgery, atelectasis was reported as
the fourth most common cause (11%) of postoperative respiratory failure and related deaths (15). In a study by Baltieri et
al. (16), it has been found that the atelectasis prevalence was
37% in patients who underwent bariatric surgery, although
patients with complications such as obstructive sleep apnoea
syndrome (OSAS), asthma, bleeding or fistulas, or those with
conditions that may prolong a hospital stay due to continuous positive airway pressure (CPAP), bilevel positive airway
pressure (BIPAP) or non-standard O2 in ICU were excluded.
In a study, Eichenberger et al. (17) have compared morbidly
obese and lean patients regarding the resorption of atelectasis after general anaesthesia. Authors have suggested that the
amount of atelectasis is higher in obese patients than in lean
patients, even before induction; that the extent of increase in
atelectasis is significantly higher in obese patients after induction; and that postoperative atelectasis remains significant 24
h post-surgery in obese patients, while it is completely reabsorbed in lean patients. Therefore, the atelectasis risk should
be taken into account in obese patients and appropriate measures should be taken.
Several reasons have been postulated for the development of
atelectasis. Regardless of the anaesthetic agent used in general anaesthesia practices, FRC is decreased by 0.4-0.5L due
to a diminished tone in respiratory muscles and an impaired
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balance between the elastic recoil in forces of the lung and
chest wall. In addition, it is shown that anaesthesia dominates over the stabilising features of a surfactant. A decreased
FRC results in an early closure of basal airways, particularly
during expiration. As a result, atelectasis develops due to the
resorption of gases distal to the obstructed airway. FRC is
particularly decreased in obesity-hypoventilation syndrome in
obese patients. Pulmonary compression caused by an upward
movement of diaphragm due to relaxation by anaesthesia in
muscles worsens atelectasis. Such effects of general anaesthesia are more prominent in obese individuals (18, 19). The risk
of decrease in FRC and associated postoperative pulmonary
complications are higher in thorax and upper abdominal
surgeries than surgeries in other regions. In bariatric surgery,
surgical procedures negatively affect abdominal, thoracic and
diaphragmatic muscle strength. In lungs with predisposition
to atelectasis, laparoscopy enhances these effects. Lung compliance is decreased by pneumoperitoneum required for bariatric surgery, which creates difficulties and challenges related
to ventilation (20).
During the postoperative period, pain contributes to a decreased FRC by preventing cough. A prolonged surgery time
is another factor that decreases FRC in upper abdominal surgeries such as bariatric procedures (21).
Diaphragmatic dysfunction plays a critical role in the development of pulmonary complications, particularly in patients
undergoing upper abdominal or thoracic surgery. Defects in
diaphragmatic contraction may continue up to a week after
surgery in some patients. An increased expiratory muscle activity often occurs during both anaesthesia and the postoperative period. These mechanisms together with a reduction in
FRC may escalate the atelectasis severity (22).
In general anaesthesia, absorption atelectasis may be seen due
to ventilation with 100% O2 during induction and extubation. In a study by Edmark et al. (23), it has been shown that
a reduced FiO2 level used during the induction significantly
prevents atelectasis. Therefore, patients are being ventilated
by 100% O2 during induction and recovery.
Atelectasis may be related to intraoperative ventilation strategies. It has been shown that a high tidal volume, together with
a high plateau pressure causes ventilator-related lung injury
during pneumoperitoneum. Therefore, a tidal volume should
be calculated based on ideal body weight in obese patients. It
is recommended to use pressure-controlled mechanical ventilation. In pressure-controlled modes, the intraabdominal
pressure should be monitored closely since unexpectedly high
tidal volumes may occur if the intraabdominal pressure is decreased due to leakage from ports or pneumoperitoneum is
discontinued, resulting in volutrauma.
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It has been reported that atelectasis is observed in 17% of
OSAS patients after bariatric surgery and that OSA prevalence varies from 48% to 91% in sleep studies performed before bariatric surgery (24, 25).
Schumann et al. (26) have investigated the effects of the type
and duration of bariatric surgery on postoperative pulmonary complications, such as pneumonia, atelectasis, pleural
effusion, pneumothorax, ARDS, or acute respiratory failure.
In that study, it has been found that postoperative pulmonary
complications occurred in 1.3% of gastric bypass procedures,
0.3% of gastric band procedures, 0.84% of gastric sleeve procedures and 1.9% of other procedures, indicating significant
differences among procedures. Of bariatric surgeries, 5.4%
(4.9% open and 0.5% conversion to open surgeries) were
performed as open surgery, while 94.6% were performed
by using minimal invasive techniques. It has been reported
that patients undergoing open procedures have a significantly higher number of postoperative pulmonary complications
when compared to those undergoing minimal invasive surgeries. It has been also shown that duration is significantly longer
in patients with postoperative complications in all procedure
types (p<0.001). It is recommended to choose the fastest procedure (less than 3 h) to offer a possible elimination of postoperative complications. In addition, a history of smoking and
impaired mucociliary clearance caused by chronic obstructive
pulmonary disease (COPD) or chronic bronchitis also contributes to atelectasis. Age, gender, Acetylsalicylic acid (ASA)
status, metabolic syndrome (MetS), asthma and congestive
heart failure have been defined as independent risk factors for
postoperative pulmonary complications (27).
Diagnosis
Postoperative atelectasis may manifest with tachypnoea and
hypoxaemia; however, it may also be asymptomatic. Hypoxaemia generally becomes symptomatic after discharge from
recovery room. The atelectasis risk increases on postoperative
(48 h) and continues up to Days 4 and 5. Hypoxaemia is the
major laboratory finding of atelectasis and is diagnosed by
arterial blood gases. Carbon dioxide levels may be normal or
low due to increased ventilation (28).
Findings of the lobar collapse may be observed on chest radiographs or a computed tomography scan. On sonography,
atelectasis appears as homogeneous hypoechoic areas. Other
diagnostic modalities including bronchoscopy, thoracoscopy
and open surgery are generally used in management rather than diagnosis (16, 29). The STOP-BANG questionnaire
relying on criteria such as snoring, daytime sleepiness, witnessed apnoea, neck circumference >40 cm, hypertension,
BMI >35, age >50 and gender was developed to help diagnosis in patients with OSAS. Similarly, there are other surveys,
including the Berlin questionnaire, Epworth sleepiness scale,
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Stanford sleepiness scale and Pitsburgh Sleep Quality Index.
In recent years, several studies have been performed about
the prediction of postoperative pulmonary complications using these questionnaires, particularly the STOP-BANG questionnaire (30).
Consequences of Atelectasis
Atelectasis leads to severe hypoxaemia due to decreased lung
compliance, ventilation-perfusion mismatch, shunts, impaired
gas exchange and increased pulmonary vascular resistance.
In addition, it may cause atelectrauma due to an acute lung
injury resulting from impaired oxygenation and increased
pulmonary permeability. Again, it may lead to an infection
due to increased bacterial proliferation and translocation to
circulation, as well as the failure of antibiotic to penetrate the
lung tissue (31).
ARDS is characterised by rapid-onset bilateral pulmonary
infiltrates and non-cardiac hypoxemia. Several pathophysiological phenomena are implied as the ARDS causes following bariatric surgery, which include volutrauma, barotrauma,
biotrauma and atelectrauma, reflecting the complexity of
acute respiratory distress syndrome. In the postsurgical setting, the term atelectrauma is used to characterise the lung injury mechanisms triggered by atelectasis. There are case reports
suggesting that a post-aspiration ARDS develops following
laparoscopic adjustable gastric banding (32, 33).
The rate of postoperative pneumonia and respiratory failure
morbidity was reported as 20% after prolonged atelectasis. It
is one of the causes that increase the 30-day mortality following bariatric surgery (34). In addition to pneumonia, antibiotic penetration to lung tissue is also impaired with atelectasis.
Since the atelectasis-related perioperative ventilation-perfusion mismatch hampers the distribution of antibiotics in the
lung tissue, prophylactic and/or therapeutic antibiotics may
be ineffective in the treatment of the respiratory tract infection and/or pneumonia (35).
Postoperative respiratory failure may become a severe,
life-threatening condition after bariatric surgery and is defined as the presence of acute respiratory distress or pulmonary failure. In a study on 304, 515 patients who underwent
bariatric surgery over 3 years, the incidence of postoperative respiratory failure has been found as 1.35%. In-hospital
mortality (5.69%) has been found to be significantly higher
among patients with postoperative respiratory failure when
compared to those without it (36).
Differential diagnosis
Respiratory distress developing in a postoperative recovery
unit suggests hypoventilation due to anaesthetic effects and
upper airway obstruction due to airway oedema. Second, it
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may develop due to an accumulation of pharyngeal secretions,
posterior prolapses of tongue or tongue oedema due to surgical manipulation or allergic reactions. Pulmonary embolism,
pulmonary oedema and infections should be kept in mind if
hypoxaemia, tachypnoea and dyspnoea develop during the
postoperative period. Pain following upper abdomen surgeries,
distention and pain at chest wall or upper abdomen can present
similar clinical findings; therefore, they should be considered in
the differential diagnosis of atelectasis (37).
Management
It has been reported that atelectasis is usually resolved within
2 days after laparoscopy or major surgery in obese patients
and within 24 h in non-obese patients. Atelectasis may be
prolonged in morbidly obese patients, resulting in relapsing
hypoxemia and postoperative pulmonary complications. It
is important to recognise the risk factors and to take appropriate measures to prevent such complications. Preoperative
measures include quitting smoking, incentive spirometry,
deep breathing exercises, coughing and pursed-lip respiration
exercises, postural drainage, aerosol therapy and application
of positive pressure. Early mobilisation in the postoperative
period is the key to avoid respiratory complications. Preoperative patient education is strongly recommended as outcomes
are better in high-risk patients if preoperative education is
provided (38).
Good postoperative analgesia will help to prevent under-ventilation to institute manoeuvres to open collapsed alveoli, such
as incentive spirometry and deep breathing exercises. In addition, it is helpful to relieve neuroendocrine stress response,
which may lead to postoperative pulmonary complications
and organ dysfunction. For both, it was shown that epidural analgesia and patient-controlled analgesia are superior to
on-demand analgesics (39).
Intrathoracic positive pressure application is the most important approach in the prevention and management of
atelectasis. It prevents collapse in the airway and alveoli,
increases FRC, decreases interstitial oedema and improves
gas exchange. In addition, afterload is decreased with an improved diaphragm activity and reduced respiratory workload
by intrathoracic positive pressure. Non-invasive mechanical
ventilation (NIMV) is the best-established method for intrathoracic positive pressure application. The underlying mechanism is an increased intrathoracic pressure for the treatment
of postoperative pulmonary complications (40).
Non-invasive mechanical ventilation can recover obesity-related comorbidities; relieve the upper respiratory tract obstruction; improve alveolar ventilation and solve atelectasis;
improve gas exchange and respiratory function; relieve dyspnoea; and reduce the perioperative respiratory effort in obese
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patients. NIMV is a safe treatment to optimise management
and improve postoperative course in obese patients; therefore,
it should be considered in the perioperative management (41).
Non-invasive mechanical ventilation can be used for either
prophylactic or curative purposes. Prophylactic NIMV is
employed in patients with severe risk factors for postoperative respiratory failure, such as obesity, comorbid COPD
or cardiovascular diseases. Curative NIMV aims to treat a
postoperative respiratory failure avoiding intubation. In both
instances, it can be applied as CPAP or BIPAP. In CPAP, a
fixed and continuous positive pressure is applied throughout
the entire respiratory cycle, while BIPAP provides a pressure
differential with a higher inspiratory airway pressure and lower expiratory airway pressure (EPAP) during ventilation. In
studies on prophylactic CPAP after upper abdominal surgeries, it was shown that atelectasis was significantly prevented
with a rapid improvement in the lung volume; in addition,
significant improvements were observed in oxygenation and
the length of ICU and hospital stay (42). It was reported that
the implementation of CPAP immediately after extubation
was associated with a greater improvement in spirometry
values when compared to ICU implementation. In a randomised-controlled study on 209 patients who underwent
NIMV for curative purposes, it was shown that CPAP in the
management of postoperative hypoxemia following abdominal surgery was associated with marked improvement in intubation, pneumonia and sepsis rates, as well as the length
of ICU stay (43). In a study by Conti et al. (44), it has been
shown that NIMV improved oxygenation and the respiration rate in patients who developed postoperative respiratory
failure after abdominal surgeries. Intubation was avoided in
66% of patients by NIMV provided with pressure-support
ventilation (PSV) values that progressively escalated from 5-8
cmH2O until achieving an 8-10 mL kg-1 exhaled tidal volume
and a PEEP of 4-8 cmH2O.
Baltieri et al. (45) have conducted a study to identify whether
the preoperative, intraoperative, or immediate postoperative
period is the best period for the application of appropriate
positive pressure to prevent postoperative atelectasis. They
have indicated that in patients undergoing bariatric surgeries, the optimal time of application of non-invasive positive
pressure ventilation is in the immediate postoperative period, immediately after extubation, because during that period,
NIMV can significantly reduce the incidence of atelectasis by
preserving the FRC and preventing significant losses in the
expiratory reserve volume.
In the literature, PSV, pressure-controlled ventilation, volume-controlled ventilation, use of high tidal volume and
PEEP alveolar recruitment manoeuvres are the most intensively characterised ventilation strategies in obese patients.
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These strategies aim to improve oxygenation and to prevent
undesired effects such as atelectasis, hemodynamic instability
and, in rare instances, barotrauma (46). Recent data provide
strong evidence that suggest lung-sparing mechanical ventilation using a lower tidal volume (6-8 mL kg-1) estimated body
weight, a moderate PEEP (6-8 cmH2O) and recruitment manoeuvres are associated with postoperative functional or clinical outcomes in patients underwent upper abdominal surgery.
Low tidal volume ventilation, a sufficient PEEP and repeated
recruitment manoeuvres can decrease postoperative pulmonary complications in high-risk patients undergoing major
abdominal surgery (47).
Novel methods have been developed to be used when classical
therapies fail. High-flow, nasal oxygen therapy (HFNOT) was
introduced in early 2000s. In hypoxic patients, a non-invasive
high-flow respiratory support uses humidified oxygen. A novel method, HFNOT, has become increasingly popular in the
perioperative management of high-risk patients. This method
is used in the prophylaxis and management of hypoxemic respiratory failure, cardiac pulmonary oedema, stabilisation of
auto-PEEP and postoperative respiratory failure. It is capable
of producing a low positive pressure with delivery of high oxygen concentration, while maintaining the ability of the patient
to have effective cough and clear secretions. The gas pressure is
reduced to 8 Psi from 50 Psi and given to patients via nasal cannula after humidification. The device is easy to use and better
tolerated when compared to a traditional oxygen cannula (48).
Preventive measures at postoperative period
There are several preventive measures that could be taken
to avoid the formation of postoperative atelectasis in upper
abdominal surgeries such as bariatric surgery: incentive spirometry, deep breath exercises, cough, postural drainage,
percussion and vibration, suctioning and ambulation and nasal CPAP, all which enable pulmonary expansion/re-expansion. Nasal high-flow oxygen therapy is easily implemented,
well-tolerated and is effective for improving postoperative hypoxaemia. For pain management, employing regional techniques and patient-controlled analgesic devices rather than
potent analgesics have become important in the prevention of
atelectasis by avoiding undesired side effects of opiates such as
respiratory depression. In addition, the prevention of residual
curarisation and proving the elimination of neuromuscular
blockade at the end of surgery are also recommended. In this
group of patients, monitoring of peripheral oxygen saturation under oxygen supplementation can cause overlooking of
hypoventilation. Therefore, routine oxygen therapy should
be considered only in prolonged hypoxia. Therefore, patients
should be positioned in a semi-sitting position with head elevated at 45°, enabling the diaphragm movements, and respiratory exercises should be initiated and mobilisation should
be achieved in the early period (49, 50).
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Conclusion
In bariatric surgery, an optimisation of pulmonary functions
before the operation, lung-sparing ventilation during the
perioperative period, awareness of potential postoperative
complications, and knowledge about preventive measures
and therapeutic approaches are extremely important. An improved understanding and experiences of clinicians are the
most effective methods in preventing potential complications.
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