INTRAOPERATIVE VENTILATION OF OBESE PATIENTS
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of Obese Patients

Obesity leads to anatomical and physiological peculiarities that can cause threatening complications under general anaesthesia, and thus can worsen the results of an otherwise successful surgery. As an increasingly large
proportion of obese people will need general anaesthesia at least once in their life, obesity is a major challenge
for anaesthetists. In order to avoid complications, the management of general anaesthesia in obese patients
requires different approaches for intraoperative ventilation compared to those customary for lean patients. In
this whitepaper, we present the approaches required to minimise risks for obese patients during intraoperative
ventilation, based on the anatomical and physiological effects of obesity on the respiratory system.
For literature-recommended approaches to pre-oxygenation and induction, please go to “Effective Pre-oxygenation
and Induction in Obese Patients”. (link).
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According to the World Health Organization (WHO), in 2016, more
than 1.9 billion adults were overweight, and of these, over 650 million
were obese. In the same year, 41 million children under 5 years
of age, and over 340 million 5- to 19-year-olds were overweight
or obese. A recent report shows a prevalence of obesity of 32 %
in males and 34 % in females in the US, while in the UK, 25 %
of males and females are obese. In Germany, 21 % of the entire
population is obese, and 37 % present as overweight, with numbers
continuing to increase.

and thus shift blood from the abdomen to the thorax, which further
increases pressure on the alveoli.10, 11, 12
Overall, atelectasis can be detected during general anaesthesia in
up to 90 % of all patients.13 Even if the patient is only moderately
overweight,14 the above-mentioned circumstances can reduce functional residual capacity (FRC) and, during mechanical ventilation15,
reduce end-expiratory lung volume (EELV). This may result in very
low respiratory reserves, making it more challenging to manage the
airway and apply lung-protective ventilation strategies in terms of
low volumes and pressures. In turn, this can have consequences
for the postoperative phase, such as persistence of atelectasis. In
morbidly obese patients, the FRC can reduce by as much as 50 %
after induction of general anaesthesia.10, 11, 12, 16
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For a detailed summary of the pathophysiological changes in
obese patients, and literature-recommended approaches to preoxygenation and induction, please read Effective Pre-oxygenation
and Induction in Obese Patients.
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I. How the anatomy and physiology of obesity
affects intraoperative ventilation.
The additional fat present in cases of obesity increases the thoracic
and intra-abdominal pressure. The latter hinders diaphragm
excursions, and leads to stiffening of the thoracic wall, a decrease
in lung volume due to compression atelectasis, and a decrease in
both chest wall and lung compliance. Furthermore, compression
of the small airways increases resistance and promotes airway
closure during expiration.2, 3, 4, 5, 6 The resulting diaphragmatic
elevation, which ultimately is a consequence of the compression and
eventual collapse of lung tissue caused by pressure transmission
from the abdomen on pleura and lungs,7, 8 increases further in a
supine position and even more in the Trendelenburg position.7, 9
Compression atelectasis occurs when the local pleural pressure is
higher than the airway pressure in the alveoli.The high abdominal
pressure may also increase the pressure on the lower vena cava
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II. A
 dditional factors that can influence
intraoperative ventilation and the postoperative
phase in obese patients.
In addition to the above-mentioned complication, the following
circumstances should be kept in mind, which might have a direct
effect on intraoperative ventilation of obese patients due to the extra
amount of fatty tissue on the thorax wall and inside and outside the
abdomen.
Supine position in the OR
While obese patients already have around 20 % less lung volume
than expected before induction of anaesthesia,13 in a supine position
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their lung volume is further reduced by about 50 %.17 The trans
diaphragmatic pressure fluctuations also in-crease significantly,
leading to lung tissue strain and increased work of breathing in the
spontaneously breathing patient, e. g., during induction or in the
post-op phase.9 In a study, 7 out of 8 patients showed flow restriction
due to collapse of the small airways in a supine position, compared
to 2 out of 8 patients in upright position. Steier et al.9 measured in
their study an aver-age intrinsic PEEP (PEEPi) of 5.3 cm H2O in
obese patients in a supine position. Pankow et al.10 were in
agreement with this finding and showed that the PEEPi in obese
patients increased from 1.4 cm H2O to 4.1 cm H2O when changing
from an upright to a supine position. On average PEEPi, increases
by 0.2 cm H2O per unit of BMI,10 when supine. “Even without
anaesthesia, obese patients in a supine position can have significant
ventilation restrictions,” warns Prof. Dr. med. Hermann Wrigge from
the Department of Anaesthesiology and Intensive Care at the
University of Leipzig. He continues, “Patients should therefore
remain upright as long as possible, and at least when on PACU or
ICU and medically feasible, and if surgery allows, all patients with
BMI > 40 kg/m2 should be ventilated in an elevated upper body
position”. Another way of relieving the pressure on the diaphragm
and optimising intraoperative ventilation is to maintain reverse
Trendelenburg positioning from the induction of anaesthesia until
immediately after extubation18.
Increased work of breathing
Obesity is associated with increased work of breathing, mainly as
a result of increased airway resistance and decreased respiratory
system compliance.10, 19, 20, 21 This limits the expiratory flow, and leads
to air entrapment due to early closing of airways and subsequent
generation of intrinsic positive end-expiratory pressure (PEEPi)11,
and ventilation perfusion mismatch due to atelectasis. “This does
not play a major role during controlled ventilation in a general
anaesthesia because the ventilator does the work,” Prof. Wrigge
says. “The problem of increased respiratory work becomes relevant
in the post-operative phase on PACU and ICU. If the extubated
patient is missing half of the lung volume postoperatively due to
atelectasis and has a high in-trinsic PEEP, this means increased
work of breathing.”

Obstructive sleep apnoea (OSA)
OSA is associated with a higher incidence of postoperative acute
respiratory failure, cardiac events, and intensive care unit (ICU)
stays. Studies estimate the prevalence of OSA to be between
2 and 24 % of the population,22, 23, 24 with half of all patients with a
BMI > 40 kg/m2 suffering from OSA.25 Because of endotracheal
intubation, OSA does not directly influence intraoperative
ventilation.26 Even on the post anaesthesia care unit (PACU) or
the intensive care unit (ICU), usually no characteristic apnoea
occurs. This may be caused by an opioid-induced change in sleep
pattern resulting in a decreased incidence of obstructive episodes.
However, central apnoea episodes may increase under the influence
of opioids. “OSA influences spontaneous breathing after waking up
from general anaesthesia, mainly due to the effect of the opiates
given during surgery. Apnoea occurs more frequently under
the influence of opiates, thus anaesthetists should work opiatepreventative or with short acting opiates and be economical with
opiates to mitigate the risk of respiratory problems,” Prof. Wrigge
warns. “Since CPAP reduces the frequency of apnoea, treatment
with CPAP should start right after extubation and continue in the
PACU and, at best, even in the regular ward.”
In this context, it should be remembered that OSA episodes mainly
happen during the rapid eye movement (REM) phases of sleep.
Opioids may reduce REM and slow wave sleep, thus resulting in
a decreased incidence of obstructive episodes in this phase.26
“Obese patients often show a pathological sleep pattern without
REM phases after waking up from general anaesthesia in the PACU
or ICU,” Prof. Wrigge explains. “Thus, OSA might not be observed
in the PACU or on the ICU, and it might be incorrectly assumed
that there is no OSA problem.” However, obstructive events may
recur with increased frequency and severity during an intense REM
sleep rebound after the third postoperative night in the regular
ward.26 “This is frequently not taken into account when the patient
is no longer under the direct control of the anaesthetist, e.g., on a
regular ward. Ideally, CPAP therapy should therefore be continued
after extubation not only because of the danger of increased
postoperative atelectasis, but also because OSA returns when the
REM phases begin again. This could also be a future domain for
telemetric monitoring.”
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Remember?
Intrinsic PEEP (PEEPi) is caused by as air trapping.
PEEPi occurs when the expiratory time is shorter than the
time needed to fully deflate the lungs, preventing the lung
and chest wall from reaching an elastic equilibrium point.
Steier et al. found that the single independent predictor
for the development of PEEPi is BMI. On average, in their
study, PEEPi increased by 0.2 cm H2O per unit of BMI
when supine.10

Acute respiratory distress syndrome (ARDS)
in obese patients
ARDS can be the result of postoperative pulmonary
complications, which occur, if at all, a few days after surgery.
“Although ARDS is an extremely rare complication in general,
obese patients may be at increased risk due to their more
pronounced atelectasis, poor breathing mechanics and often
concomitant metabolic diseases,” Prof. Wrigge explains. As
recent studies and meta-analyses27, 28 suggest, even widespread non-protective intraoperative ventilatory practices
can induce ARDS. Therefore, lung-protective ventilation
regimens should be deployed in order to minimise the risk.
All patients with ARDS should be ventilated according
to lung-protective principles. “This means a small VT of
6 – 8 ml, a driving pressure of less than 13 – 15 cm H2O,
and an adequate PEEP between 10 – 26 cm H2O,” advises
Prof. Wrigge. “But it should be kept in mind that a higher
respiratory pressure increases the intrathoracic pressure
and thus requires higher fluid demand or vasopressors
to keep up the filling volume in the heart and maintain
adequate perfusion pressure,” explains Prof. Wrigge.

III. How adaptations in the approach to
intraoperative ventilation can avoid
complications29
Morbidly obese patients present with specific physiological and
mechanical properties of the lung as mentioned above. These
properties can affect the entire process of general anaesthesia,

Which obesity level corresponds to which BMI?1
BMI

Nutritional status

Below 18.5

Underweight

18.5 – 24.9

Normal weight

25.0 – 29.9

Pre-obesity

30.0 – 34.9

Obesity class I

35.0 – 39.9

Obesity class II

Above 40

Obesity class III

and may cause severe postoperative pulmonary complications.
Thus, the known risks of general anaesthesia increase dramatically.
“Almost all these complications can be deduced from a reduced
lung volume,” Prof. Wrigge explains. However, intraoperative lungprotective ventilation is associated with a reduced risk of these
complications.30 It consists mainly of the following adaptations:
Tidal Volume (VT) and Driving Pressure (DP).
“VT should be limited to 6 – 8 ml/kg predicted body weight (PBW),
not actual body weight, as lungs do not grow with body fat. This VT
can usually be achieved by driving pressures below 13 cm H2O in
obese patients with healthy lungs. That applies especially to morbidly
obese patients,” says Prof. Wrigge. With regard to calculating the
correct VT, due to false estimation of ideal body weight (IBW), small
overweight women are most at risk of being ventilated with too high a
VT. “For a lung-protective intraoperative ventilation with low VT and DP
of 13 cm H2O maximum, good lung compliance and thus an open lung
is essential,” Prof. Wrigge explains. “Lungs with atelectasis tend to be
stiff because a lower lung volume has to take the VT, which means that
lung compliance is significantly lower. In order to be able to apply the
above lung protective pressures during intraoperative ventilation, the
atelectasis may need to be dissolved with a recruitment manoeuvre,
so the lung compliance increases or even normalizes.”
In this context, gas dosing with a focus on O2 to avoid additional
resorption atelectasis is controversial. “It is known that 80 % oxygen
prevents resorption atelectasis. However, if a patient is pre-oxygenated
with 80 % oxygen and ventilation problems occur along the process,
the time to correct the problem is shorter if there is less oxygen in the
alveoli,” Prof. Wrigge explains. Thus, a lower FIO2 during induction of
anaesthesia is not recommended.
© Drägerwerk AG & Co. KGaA
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Recruitment manoeuvre (RM).31
If high DP is needed to achieve adequate tidal volume in obese
patients, it indicates poor compliance of the lungs, which is usually
due to atelectasis. RM with subsequent setting of adequate PEEP
would be necessary to improve compliance. Perioperative lung
protective ventilation consists of low VT, low driving pressures and
also an initial RM.32 In obese patients, this combination can reduce
the risk of postoperative pulmonary complications.33 An RM means
that the lung is ventilated with intermittent higher plateau pressure.
When properly performed, an RM can increase FRC by opening the
atelectatic lung areas and thus prevent hypoxemia, improve oxygen
saturation and airway compliance, as well as reduce respiratory
work. “It is important to know that the recruitment of basal lung
regions which are strongly affected by atelectasis can be difficult
due to the much higher pressure required for this under mechanical
ventilation,” warns Prof. Wrigge. “Excessive recruitment pressure,
i.e. more than 60 cm H2O, can lead to complications that are fatal
in the end, especially in patients with ARDS. Obesity requires
pressures of 50 – 55 cm H2O for RM. However, this is basically
harmless for lung healthy people, if hemodynamic consequences
are treated with vasopressors.”
Stepwise Recruitment manoeuvre.
Various approaches to the recruitment of atelectatic lung areas exist.
Performing an RM with the manual ventilation bag is widespread,
although high pressure peaks can lead to severe hemodynamic
and pulmonary side effects. “Recruitment with the bag means
that uncontrolled high pressures are applied because the pressure
exerted with the bag cannot be controlled easily; when switching
over to mechanical ventilation, PEEP may also be briefly lost,”
explains Prof. Wrigge. “The ventilator, on the other hand, offers full
pressure control and no PEEP drop. Thus, the bag method is not
recommended any longer.”
A stepwise RM is a ventilator-controlled procedure that may
cause less hemodynamic, inflammatory, and barotraumatic complications.34, 35, 36, 37, 38 To recruit the lung, and thus determine the
optimal PEEP, the pressure is stepwise increased under control of
the ventilation parameters and hemodynamics. The delta between
inspiratory pressure and PEEP (driving pressure) is kept constant,13
whereby the maximum pressure must be at least equal to the

alveolar opening pressure. “If the PEEP is sufficiently high after
the recruitment manoeuvre, you only have to recruit once,”
Prof. Wrigge explains.
The stepwise manoeuvre can be individually adapted to the patient,
if changes in compliance and hemodynamics are ob-served in the
RM process. The manoeuvre can be discontinued when the oxygen
saturation is sufficient, or if hemodynamics collapse. Finally, the
optimum PEEP is read off at the decremental branch of the stepwise
manoeuvre and can be set accord-ingly. A second recruitment is
then carried out followed by the previously set PEEP. The main
advantage of the stepwise RM is that it consists of an incremental
and a decremental part. “In the incremental part, the opening
pressure of the atelectasis is gently overcome by gradually increasing
the pressure level,” explains Prof. Wrigge. “The body better adapts
to the increasing pressure, which reduces the side effects of high
ventilation pressures and prevents severe hemodynamic side effects.
The decremental part of the manoeuvre is then used to measure the
PEEP, which is then able to maintain the recruited status.39 In this
regard, studies document a lower release of inflammatory mediators
with in-creased compliance and oxygenation.40 In addition, new
studies confirm the better toleration of a stepwise recruitment, with
fewer alveolar lesions and less endothelial cell damage.41
A disadvantage of the stepwise RM is its longer duration and the
number of operating steps. Australian anaesthetist Dr. Chris Thompson
presented a very pragmatic recruitment process at the 2015 annual
meeting of the Australian and New Zealand College of Anaesthetists
(ANZCA). Essentially, the process consists of determining the
patient-specific PEEP by comparing the VT/PEEP curve in the
incremental versus decremental phase of the stepwise recruitment
manoeuvre, and determining the PEEP for the individual patient in
the decrement phase where the compliance is best. (link to video).

For a detailed summary of recruitment manoeuvres see
(link).
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Adequate individual PEEP post-RM.10, 42, 43
Ideally, an RM should be followed by the adequate patientspecific PEEP determined by the stepwise M to prevent new
atelectasis.44, 45, 46, 47, 48, 49 Some studies50 suggest low VT ventilation
with a PEEP of 6 – 8 cm H2O for this purpose. Other studies show
that a PEEP of 10 – 18 cm H2O is more effective in improving
oxygenation and reducing atelectasis than a PEEP of 5 cm H2O
or a pure RM without PEEP.12, 17, 51 Pelosi et al. showed that the
application of a PEEP of 10 cm H2O in morbidly obese patients led
to improved oxygenation. “These results do not mean that the lung
remains open with a PEEP of e. g. 6, 8, 10 or 18 cm H2O,” explains
Prof. Wrigge. “But clearly a PEEP, which keeps the lungs open
after RM is crucial, because the small airways and alveoli collapse
and atelectasis reoccur when PEEP is too low. According to recent
studies, the PEEP should therefore be in the range of 10 – 26 cm
H2O, ideally as a result of a patient-specific stepwise RM.”

IV. Executive summary.
Obese patients present with specific lung physiology and mechanical
characteristics, and have an increased risk of postoperative
pulmonary complications. Intraoperatively, lung-protective ventilation
with a low VT, and RMs with much higher PEEP levels than currently
used are recommended. In this context, a stepwise RM has been
shown to be advantageous for obese patients, provided that an
individualised patient-specific PEEP is set.

Although there is evidently no consensus on PEEP parameters
in obese patients, there are indeed indications that a significantly
higher PEEP is required post-RM to prevent repeated atelectasis.34
It seems obvious that this is useful for reducing complications, but
scientific evidence has yet to be provided. “The high PEEP levels
required to keep an obese patient’s lungs open can result in severe
hemodynamic side effects with increased catecholamine and fluid
requirements,” Prof. Wrigge explains. “But it is still unclear whether
an ‘open lung’ justifies these side effects. A study with about 2,000
obese patients investigating the effect of PEEP 4 versus 12 is
underway.”52
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