
REVIEW ARTICLE

Obesity Surgery and Anesthesiology Risks: a Review of Key Concepts
and Related Physiology

Sjaak Pouwels1 & Marc P. Buise2
& Pawel Twardowski3 & Pieter S. Stepaniak4 & Monika Proczko5

Published online: 24 May 2019
# Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
The obesity epidemic is swelling to epic proportions. Obese patients often suffer from a combination of hypertension, dyslip-
idemia, and type 2 diabetes mellitus (T2DM), also known as the Bmetabolic syndrome.^ The metabolic syndrome is an inde-
pendent predictor of cardiac dysfunction and cardiovascular disease and a risk factor for perioperative morbidity and mortality. In
this paper, we discuss the perioperative risk factors and the need for advanced care of obese patients needing general anesthesia
for (bariatric) surgical procedures based on physiological principles.
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Introduction

The obesity epidemic is growing to epic proportions. Obese
patients need specialized equipment, special operating room
(OR) tables, beds, and chairs [1].

Anesthesiologists have their specific challenges when
treating obese patients, for example: (1) difficulty of venous
access, (2) endotracheal intubation, (3) the risk of obesity-
related comorbidity, and (4) the risk for postoperative
complications.

Obese patients often suffer from a combination of hyper-
tension, dyslipidemia, and type 2 diabetes mellitus (T2DM),
also known as the Bmetabolic syndrome.^ The metabolic syn-
drome is an independent predictor of cardiac dysfunction and
cardiovascular disease and a risk factor for perioperative

morbidity and mortality. In 2015, the Association of
Anaesthetists of Great Britain and Ireland Society for
Obesity and Bariatric Anaesthesia published guidelines for
the perioperative treatment of patients with obesity [1]. This
guideline includes a recommendation for dedicated
anesthesiological care for obese patients and advises making
central obesity and the metabolic syndrome part of the peri-
operative risk stratification.

In previous papers, we described the feasibility of fast track
programs for bariatric surgery [2, 3]. As the average age of the
obese population continues to increase [4], all involved health
care professionals must be aware of the physiological changes
that occur during prolonged obesity and end-organ failure, as
clinical problem-solving in terms of comorbidities and older
age—which both can induce physiological changes—
becomes complex.

In this paper, we will discuss several key components of the
perioperative risk factors: (1) altered physiology in obesity, (2)
technical difficulties in gaining adequate venous access and
endotracheal intubation, and (3) the need for advanced care for
patients with obesity needing general anesthesia for (bariatric)
surgical procedures based on physiological principles.

Venous Access

Peripheral intravenous cannulation is necessary for the admin-
istration of fluids and medication during anesthesia. Although
this procedure is straightforward and routine, peripheral intra-
venous access is not always easy to perform in all patients.
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Successful cannulation can be influenced by various factors,
such as the palpable or visual absence of a vein. Although not
well described in medical literature, obesity is widely believed
to be associated with difficult peripheral venous access.
Ultrasound can be helpful in locating superficial peripheral
veins in patients with an increased body mass [1]. However,
a recent Scandinavian study shows that 85% of the first at-
tempts for venous cannulation proved successful [5].

Endotracheal Intubation

Obesity is commonly perceived to be a risk factor for difficult
endotracheal intubation, being associated with a 30% in-
creased risk for difficulties, although predictors for difficult
laryngoscopy are similar in the normal population [6]. The
unanticipated problematic airway places patients at an in-
creased risk of adverse outcomes. In a recent French observa-
tional multicenter study, a cohort of 12,500 patients, of which
20% was obese, was followed during their stay in operation
room (OR) or intensive care unit (ICU) [7]. In the OR, the
incidence of difficult intubation was 8.2% versus 16.3% in the
ICU. Risk factors for difficult intubation were the Mallampati
score III/IV, obstructive sleep apnea syndrome, and reduced
mobility of the cervical spine in both ICU and OR. Special
risk factors in the ICU were: (1) limited mouth opening, (2)
severe hypoxemia, and (3) coma. In a large-scale British audit
project, the proportion of major complications following pri-
mary airway problems related to tracheal intubation was sim-
ilar in obese and non-obese patients [8].

Difficulties in airwaymanagement decrease after providing
optimal preoxygenation and ramped positioning. For patients
with obesity, proper positioning of the patient forms 90% of
the preparation for proper airway management [9].
Additionally, the use of alternative airway devices (video la-
ryngoscope) reduces failed endotracheal intubation [10].

Obstructive Sleep Apnea and Perioperative Care

Obstructive sleep apnea syndrome (OSAS) is common in the
obese population. Patients with BMI > 35 kg/m2 have an in-
cidence of almost 20% of severe OSA [1]. OSA is often un-
diagnosed but is associated with higher postoperative
desaturation, respiratory failure, and cardiac adverse events
[11].

Some of the cardiopulmonary changes caused by obesity
are associated with OSAS and obesity hypoventilation syn-
drome (OHS). OHS is characterized by chronic hypoxia, hy-
percapnia, and respiratory acidosis [12]. These chronic hyp-
oxia and hypercapnia result mainly in pulmonary vasocon-
striction [12]. The presence of high pre-existing pulmonary
blood flow in conjunction with pulmonary vasoconstriction
leads to pulmonary hypertension and a significant
transpulmonary diastolic pressure gradient in addition to

elevated left ventricular filling pressures [12, 13]. Patients
with OSAS have an increased risk of developing AF, even
without underlying cardiac disease, and in obese cohorts, the
prevalence of OSAS can extend to up to 90% [14]. The Sleep
Heart Study demonstrated that the risk of AF is four times
greater in patients with sleep-disordered breathing (obstruc-
tive and central sleep apnea) compared with patients with no
sleep-disordered breathing [15]. Patients with OHS exhibit a
lowered neuromuscular response to hypercapnia and hypox-
emia, caused by a blunted central drive [16–20]. It is unclear
what causes this blunted central drive.

Animal research showed that nocturnal hypoxemia lowers
the hypoxic ventilatory drive and raises the arousal threshold,
possibly due to an effect on the synthesis and turnover of
neurotransmitters [19, 21–24]. Because of this, patients fail
to compensate adequately after an episode of hypoventilation,
leading to decreased ventilation in between episodes for a
given CO2 load, combined with a relatively shorter time span
between episodes considering the duration of apneic episodes
[21, 23, 24]. Norman et al. [25] hypothesize that repeated
nocturnal CO2 accumulations cause bicarbonate retention by
the kidneys. Most patients have enough time to compensate
for this brief rise in CO2. If this does not occur, chronic bicar-
bonate retention develops and the threshold for hypercapnia
rises [19, 25]. The cause(s) of this diminished response have
yet to be discovered. Possible factors include leptin and IL-
GF-1 due to their stimulating effect on the central respiratory
centers [19]. Hypoxia and hypercapnia affect sympathetic
nerve activity and cause vasoconstriction, which will result
in hypertension. This is a risk factor for developing AF [26,
27]. The severity of OSAS, indicated by the number of noc-
turnal desaturations, correlates with the prevalence of AF [28]
and predicts AF within approximately 5 years of OSAS being
diagnosed [29].

To identify patients with OSA, questionnaires like the
STOP-Bang can be used. One study shows that the STOP-
Bang has a poor correlation with postoperative OSAS [30].
In fast-track bariatric surgery, the importance of OSAS seems
to be reduced. In 2009, we reported a scheduled ICU stay of
one night in 5.2% of all patients to avoid respiratory failure
due to OSAS [31]. After introducing the Bfast track^ clinical
pathway, this ICU stay was only planned on comorbidity and
showed overall lower complication rates [2, 3].

Cardiovascular Physiology

Cardiac Remodeling

Obesity induces blood volume changes that can result in right
and/or left heart failure [12]. Basically, the pathophysiological
mechanism is multifactorial. With moderate or severe obesity,
significant increments in blood volume are found, and this
accompanied an increase in cardiac output [12]. Results from
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inert gas washout studies showed that excess body fat incor-
porates an extra blood flow of 2–3 mL/min/100 g. This means
that 100 kg of excess body fat would require as much as 3 L/
min blood flow [12]. Actually, the blood volume and cardiac
output of an individual weighing 170 kg are roughly twice
than those of a subject weighing 70 kg [12]. Resting heart rate
is often similar between obese and non-patients, which im-
plies an increased stroke volume [32–34]. A significantly larg-
er stroke volume and cardiac output are observed [32, 33], or a
rising trend [34].

One of the components of the metabolic syndrome is sys-
temic hypertension. Hypertension is the result of obesity-
induced structural and functional adaptations of the cardiovas-
cular system as well as of adipokine effects on inflammation
and vascular homeostasis [35].

Chronic volume overload (preload) in combination with
hypertension (afterload) leads to compensatory mechanisms
like left ventricular enlargement and hypertrophy. It has been
observed that the left ventricle dilates in obese patients
resulting in increased diastolic and systolic volumes compared
with that in non-obese patients [36]. On the other hand, there
are also reports suggesting that obesity is frequently associat-
ed with concentric remodeling (2.6–74%). By definition, left
ventricular mass is normal, while both wall thickness and
relative wall thickness are increased [37]. Obesity results in
augmented left ventricular preload and often afterload, with
maintenance of a high output state at the expense of elevated
right and left ventricular filling pressures [12, 13]. Diastolic
dysfunction is quite common in obese patients [13, 32, 38,
39], which is probably related to the higher incidence of LVH.

As usual, the right ventricular (RV) function has received
much less attention than the function of the left ventricle. OSA
and OHS lead to pulmonary vascular changes. OHS is char-
acterized by chronic hypoxia, hypercapnia, and respiratory
acidosis [12]. This chronic hypoxia and hypercapnia result
mainly in pulmonary vasoconstriction [12]. The presence of
high pre-existing pulmonary blood flow in conjunction with
pulmonary vasoconstriction leads to pulmonary hypertension
and a significant transpulmonary diastolic pressure gradient in
addition to elevated left ventricular filling pressures [12, 13].
This results in right cardiac hypertrophy and finally in right
cardiac failure (pulmonary heart disease) [32].

Atrial Fibrillation and Anticoagulants

The link between obesity and atrial fibrillation (AF) was
first acknowledged after a retrospective analysis of the in-
cidence of AF in perioperative cardiac surgical patients. A
significant amount of evidence shows a relationship be-
tween obesity and AF [29, 40–64]. Patients with obesity
have a 50% increased risk for AF compared with non-
obese patients [40, 41]. Wang et al. [40] showed that there
is a 4% increase in risk for AF per 1 unit increase in BMI.

This risk was calculated after a mean follow-up of 13.7 years
[40]. The Danish Diet, Cancer and Health Study showed an
even higher risk of AF associated with the increase in an-
thropometric variables like height, weight, hip and waist
circumference, and with an increase in body fat mass/
percentage and lean body mass [43]. Schmidt et al. reported
that overweight and obese young men have a twofold risk of
AF compared with non-obese patients [52], despite the low
incidence of cardiac arrhythmias in this specific age group
[48]. Additionally, specific hormonal profiles in patients
with obesity correlate with the occurrence of AF [54]. One
of these hormones is resistin, which is mainly secreted from
lipid cells and is linked to both T2DM and obesity. The
increased level of resistin in obese patients seems to be
correlated with paroxysmal and persistent AF [54].
Several studies report that obesity independently predicts
the progression from paroxysmal to permanent AF
[58–60]. Sandhu et al. [59] showed that in women with
AF at baseline, increasing BMI was associated with the
early development of non-paroxysmal AF. Also, in patients
whose initial AF episode terminates, weight loss might be
beneficial, giving a lower risk for the future development of
permanent AF [60]. A study by Guglin et al. [61] demon-
strated that obesity is associated with a higher recurrence
rate of AF compared with that of non-obese patients [61].
Additionally, the size of the left atrium was found to be an
independent predicting factor of recurrence and AF burden.
A meta-analysis of Guijian et al. [62] reported that an ele-
vated BMI is significantly associated with AF recurrence
after pulmonary vein isolation. Patients with obesity after
cardiothoracic surgery also have a higher risk of developing
AF compared with non-obese patients [55, 56] and this risk
increases with an increased BMI [56]. However, the type of
surgery does not seem to affect this risk [57].

Patients with AF often use oral anticoagulants to prevent
possible future thromboembolic events. Comorbidities like
hypertension and T2DM are part of the risk stratification for
thromboembolic events (CHA2DS2-VASc score). Obesity
is a complicating factor regarding the correct dosing of both
the classic anticoagulants—vitamin K antagonist—and the
direct oral anticoagulants (DOAC). The perioperative
bridging of oral anticoagulants with heparin or low-
molecular-weight heparin presents a challenge [65].

A recent study by Schijns et al. [66] showed that ade-
quately dosing postoperative thrombosis prophylaxis is of
utmost importance. In their study, after undergoing the
Roux-en-Y gastric bypass, patients with a total body weight
(TBW) higher than 140 kg received postoperative thrombo-
sis prophylaxis (nadroparin 5700 IU for 4 weeks). After the
last nadroparin administration, the anti-Xa activity was
measured. The mean anti-Xa activity following 5700 IU
nadroparin was 0.19 ± 0.07 IU/mL. Of all patients, 32%
had anti-Xa levels below the prophylactic range. Anti-Xa
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activity inversely correlated with TBW (correlation coeffi-
cient -− 0.410) and lean body weight (LBW; correlation
coefficient − 0.447); 67% of patients with a LBW ≥ 80 kg
had insufficient anti-Xa activity concentrations. Especially
in patients with LBW ≥ 80 kg, a higher dose may potentially
be required to reach adequate prophylactic anti-Xa levels.
Despite these aspects, the incidence of thromboembolic
events (like deep vein thrombosis or pulmonary embolisms)
varies between 0.3 and 1.0%, according to a recent study by
Thereaux et al. [67].

Pulmonary Physiology

Van Huisstede [68] investigated the relationship between pul-
monary function and the risk of postoperative complications
in 485 patients. A total of 53 complications were found, of
which eight were pulmonary. Significantly lower FEV1 (mean
86.9% of predicted) and FVC (mean 95.6% of predicted)
(both p < 0.05) were found in patients with complications
compared with patients without [42]. A FEV1/FVC < 70%
and a δFEV1 ≥ 12% were found to be significant independent
predictors for pulmonary complications [68].

Physiologically, obesity is associated with an altered lung
function. This is characterized by a reduction of lung volumes,
mostly a restrictive pattern. The pathogenesis is multifactorial,
with one of the possible mechanisms being an increased
truncal fat load [69].

Because of affected respiratory physiological parameters
such as compliance, neuromuscular strength, work of breath-
ing lung volumes, and spirometric measurements [20, 70],
obese subjects are prone to develop pulmonary complications
after bariatric surgery. Several strategies are present to im-
prove perioperative care, such as early detubation and protec-
tive ventilation strategies as well as the introduction of fast-
track anesthesia protocols [2, 3]. Optimal perioperative care
needs to be evaluated on a case-to-case basis. Regarding the
link between the impaired lung function, postoperative com-
plications, and the necessity of pulmonary function screening
prior to bariatric surgery, conflicting results exist and future
studies need to determine whether preoperative pulmonary
function screening is useful in bariatric practice.

The Obesity Paradox and Its Mechanisms

Obesity plays a significant role in the development of cardio-
vascular and pulmonary diseases. The term Bobesity paradox^
refers to the observation that when acute cardiovascular de-
compensation occurs in myocardial infarction or congestive
heart failure, obese patients may have a survival benefit. In
addition, it is suggested that obese patients tend to fare better

after certain surgical procedures, such as coronary artery by-
pass surgery [71, 72].

The complex relationship between obesity and various
cardiovascular diseases is difficult to understand. Potential
mechanisms are [71, 72] inadequate weight loss, differences
in metabolic reserve, less cachexia, protective cytokines,
differences in the activity of the renin-angiotensin-
aldosterone system (RAAS), and various causes of heart
failure. Also, anthropometric variables such as BMI and
waist-to-hip ratio may be inaccurate to assess true body
fatness [71–73]. Besides the traditional risk factors (e.g.,
high blood pressure, lipids, and glucose) for developing
cardiovascular diseases, genetic factors may be implicated
in metabolically healthy obese patients (without comorbid-
ities) versus metabolic unhealthy obese patients (with co-
morbidities) [71–73]. Although the duration of obesity also
seems to matter, we are currently unable to adequately as-
sess the risks of prolonged Bexposure^ to obesity [74].
Finally, the use of certain medication must be considered
in the obesity paradox. One example is the treatment with
statins. In many studies, patients treated with statins have a
lower long-term mortality than those who are not treated
with statins [72, 73].

Assessing the Burden of Obesity

Most risk factors for postoperative complications are the
result of the metabolic syndrome due to obesity. BMI itself
is a risk factor but comorbidities develop over time [75].
The mean duration of obesity is a significant factor for left
and/or right ventricular failure [76]. To make the relation
between time, duration, and obesity more implicit, there is
a need for an assessment method that shows the burden of
obesity and the development of comorbidities at an individ-
ual level. Perhaps a term similar to pack-years (used to as-
sess the burden of smoking) is needed to give us more in-
sight. We would, therefore, like to introduce the term Bfat-
years.^ Although there is currently no such marker for obe-
sity in its timeline, there is an indication that older patients
get more cardiopulmonary morbidity due to obesity and/or
metabolic syndrome, which in turn can create a potential
perioperative risk [31, 75, 77]. After becoming more famil-
iar with this term, healthcare professionals working with
obese patients will likely become more conscious of the risk
in the older (55–60 years old) obese group than is the case
for younger patients. A recent letter [4] shows that there is a
shift from younger to older patients that seek bariatric sur-
gery. Secondly, despite claims that obesity is less harmful in
older individuals, the absolute rise in mortality rates associ-
ated with a higher BMI is still much greater in elderly sub-
jects [78]. According to these studies, there is an increasing
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need for adequate risk assessment in bariatric surgical
patients.

How to Perform Adequate Screening

Two questions arise then. First, do we need to screen obese
patients scheduled for bariatric surgery to identify potential
postoperative complications? With regard to pulmonary com-
plications, several studies have been done. However, the Holy
Grail has yet to be found. Second, do we need to screen obese
patients for the presence of obstructive sleep apnea syndrome
(OSAS) [19, 79]? This is because OSAS frequently occurs
untreated and might lead to postoperative complications
[80–83].

Current literature regarding the relationship between an
impaired pulmonary function and the occurrence of postoper-
ative complications is sparse. In a study performed by Farina
et al. [84], the value of spirometry as a preoperative screening
tool was investigated. This was used to identify patients at risk
for postoperative pulmonary complications (PPC), scheduled
for open bileopancreatic diversion surgery. They found a com-
plication rate of 7.5% in patients with suspected restrictive
pulmonary impairment [84]. Hamoui et al. [85] found that a
decreased VC (p = 0.0007) was a significant predictor for
PPCs [85]. In contrast to these results, Catheline et al. [86]
found that preoperative pulmonary abnormalities had no con-
sequences for the management of the perioperative period in
bariatric surgical patients.

There is no consensus regarding whether patients sched-
uled for bariatric surgery need to be screened for OSAS. The
additive value of screening for sleep apnea prior to laparo-
scopic bariatric surgery for predicting PPCs is questionable
according to the study by Nepomnayshy et al. [87]. The study
by Peromaa-Haavisto et al. [88] showed that in a population of
197 obese patients scheduled for bariatric surgery, the preva-
lence of OSAS was 71%, with a significantly higher preva-
lence in males (90%) than in females (60%). Their study re-
sults recommend OSAS screening preoperatively especially
in obese men [88].

Conclusion

Based on current literature, there is enough evidence that pa-
tients with obesity have an altered cardiopulmonary function
and a higher risk for developing postoperative complications
after bariatric surgery. Unfortunately, there is no consensus as
to why, how, and when to screen obese patients. Based on
current literature, we might conclude that a high BMI is not
the only explanation. Factors like age and the duration of
obesity need also to be taken into account. Although no

adequate assessment tool exists to identify these patients, there
is an increasing need for a scoring system that assesses the
Bburden^ of obesity. Such a tool might be helpful in identify-
ing patients prone to postoperative complications.
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