58

Anesthesia for Bariatric
Surgery
GAURAV MALHOTRA and DAVID M. ECKMANN

KEY POINTS

!□!

!□!

!□!

!□!
!□!

!□!
!□!
!□!
!□!
!□!
!□!

In the United States more than two out of three people are overweight or obese. Worldwide,
more people are obese than are malnourished. Obesity is becoming the largest single preventable cause of death and represents major morbidity and mortality.
Metabolic syndrome includes abdominal obesity, decreased high-density lipoprotein, insulin
resistance, glucose intolerance, and hypertension, and is present in approximately 34% of the
adult population in the United States alone.
The single greatest risk factor for sleep apnea is obesity, with the majority of obese patients
having increased oral and pharyngeal tissue. This makes ventilation, intubation, and extubation
more challenging.
Choices for medical management of obesity are limited and efficacious achievement with just
medical management is uncommon. Changes in behaviors are important for success.
Surgery for obesity is recommended at a body mass index (BMI) of 40 kg/m2 or BMI over 30 kg/
m2 with comorbidities expected to respond to weight loss, secondary to surgical therapy, like
hypertension, diabetes, and hypercholesterolemia. In clinical trials, long-term survival is better
in the surgically treated group over the medically managed.
Preoperative evaluation should focus on cardiopulmonary issues and securing an airway, along
with other concerns such as diabetes, hypertension, and obstructive sleep apnea.
Anesthetic drugs should be tailored based on lipid solubility and awareness of lingering respiratory depression effects.
Patient preparation and positioning are keys to successful airway management. Preoperative
pressure support ventilation should be used adjunctively if possible.
Intraoperative ventilation is assisted by complete paralysis, moderate positive end-expiratory
pressure, tidal volumes based on ideal body weight, and recruitment maneuvers as needed.
Common serious postoperative complications are deep vein thrombosis and staple line issues.
Obese patients presenting for nonweight-loss surgery benefit from anesthetic approaches
similar to that used for bariatric surgery.

Obesity as a Disease
Obesity is firmly established as one of the great epidemics
of the 21st century.1 Worldwide, obesity was considered a
rarity until the middle of the previous century,2 but now
there are 1.9 billion overweight adults and over 650 million obese people globally including a significant proportion
of the adult population in the United States.3-5 Obesity is
a problem that is affecting the younger population as well
since over 340 million children and adolescents aged 5 to
19 were overweight or obese in 2016.6 Current estimates
are that more than 2 out of 3 of the U.S. adult population
are overweight or obese. Of these one in three adults has
obesity and 1 in 13 has extreme obesity with a body mass
index (BMI) greater than 40.7 Among children and adolescents ages 2 to 19, about 1 in 6 are obese, and about 1 in
17 are considered to have extreme obesity.8 Obesity and
its associated health concerns are now major causes of
morbidity and mortality resulting in an enormous impact
on healthcare spending. Over 300,000 deaths per annum
in the United States and about $270 billion6 in annual

healthcare spending are attributable to obesity, placing it
second only to smoking as a preventable cause of death.9
Obesity can be defined as a disease since it is a physiologic dysfunction of the human organism with environmental, genetic, and endocrinologic etiologies.9 Obesity
most frequently develops when food caloric intake exceeds
energy expenditure over a sustained period of time. Factors
influencing obesity involve either energy intake or energy
expenditure, and are influenced by genetic, behavioral,
cultural, and socioeconomic factors.10 For example, there
are syndromes that are associated with obesity, including
leptin deficiency, Prader-Willi syndrome, and LawrenceMoon-Biedl syndrome.4 Metabolic factors can influence
energy regulation, including hormones, peptides, nutrients,
uncoupling proteins, and neural regulatory substances
emanating from gut, liver, brain, and fat cells, but most of
these are not well understood.
The BMI is the most widely applied classification tool used
to assess individual weight status.11 The BMI is specifically
defined as the patient’s weight, measured in kilograms,
divided by the square of the patient’s height, measured
1911
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Fig. 58.1 A family of iso-body mass index (BMI) curves for BMI ranging from 13 to 50 and mapped on axes for height (in both centimeters and inches)
and weight (in both kilograms and pounds).

in meters, yielding a measurement bearing units of kilograms per square meter (kg/m2). Fig. 58.1 shows a family
of iso-BMI curves for BMI ranging from 13 to 50 kg/m2 and
mapped on axes for height (in both inches and centimeters)
and weight (in both pounds and kilograms). Most electronic medical record systems are programmed to indicate
patient BMI when height and weight inputs are provided.
The National Institutes of Health maintains an online BMI
calculator and also provides links for downloadable smartphone BMI applications at https://www.nhlbi.nih.gov/hea
lth/educational/lose_wt/BMI/bmicalc.htm. Using this system, patients are classified according to BMI and the associated risk of developing health problems is shown in Table
58.1. Patients are considered to be overweight if they have
a BMI between 25 and 29.9 kg/m2, and they are classified
as obese with a BMI between 30 and 49.9 kg/m2. The obese
classification is further subdivided into Class 1 (BMI range
30-34.9 kg/m2), Class 2 (35-39.9 kg/m2) and Class 3 (4049.9 kg/m2). Patients with a BMI of 50 kg/m2 or greater
are classified as superobese. As BMI increases beyond normal weight, the risk of developing serious health problems
rises greatly and can be correlated with the individual’s
waist circumference (Table 58.2). Malnourishment and
malnutrition are commonly offered as explanations for the
fact that underweight patients are also at increased risk for
developing illnesses.

TABLE 58.1 Levels of Risk Associated With Increasing
Body Mass Index
Classification

BMI (kg/m2)

Risk of Developing
Health Problems

Underweight

<18.5

Increased

Normal weight

18.5-24.9

Least

Overweight

25.0-29.9

Increased

Class 1

30.0-34.9

High

Class 2

35.0-39.9

Very high

Class 3

40.0-49.9

Extremely high

≥50

Exceedingly high

Obese

Superobese
BMI, Body mass index.

There are specific diseases commonly associated with obesity, and obesity is often accompanied by multiple, and not
single, comorbid states.7 These frequently include insulin
resistance, type 2 diabetes mellitus, obstructive sleep apnea
(OSA), asthma, chronic obstructive pulmonary disease,
hypoventilation, cardiovascular disease, hypertension, certain malignancies, and osteoarthritis.1,12-22 Virtually every
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TABLE 58.2 Waist Circumference and Risk
Waist

BMI

BOX 58.1 Features Associated With
Metabolic Syndrome

(KG/M2)

Circumference

Normal Weight Overweight

Obese Class 1

<102 cm (♂)

Least risk

Increased risk

High risk

High risk

Very high risk

Increased risk

<88 cm (♀)
≥102 cm (♂)
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≥88 cm (♀)

TABLE 58.3 Health Risks Associated With Increasing
Body Mass Index
Metabolic syndrome 30% of middle-aged people in developed countries have features of metabolic syndrome
Type 2 diabetes

90% of type 2 diabetics have a BMI of >23 kg/m2

HTN

5× risk in obesity
66% of HTN is linked to excess weight
85% of HTN is associated with a BMI >25 kg/m2

CAD

3.6× risk of CAD for each unit change in BMI

CAD and stroke

Dyslipidemia progressively develops as BMI
increases from 21 kg/m2 with rise in small
particle low-density lipoprotein
70% of obese women with HTN have left
ventricular hypertrophy
Obesity is a contributing factor to cardiac
failure in >10% of patients
Overweight/obesity plus hypertension is associated with increased risk of ischemic stroke

Respiratory effects
(e.g., obstructive
sleep apnea)

Neck circumference of >43 cm in men and >40.5
cm in women is associated with obstructive
sleep apnea, daytime somnolence, and development of pulmonary hypertension

Cancers

20% of all cancer deaths among nonsmokers
are related to obesity (30% of endometrial
cancers)

Reproductive
function

6% of primary infertility in women is attributable to obesity
Impotency and infertility are frequently associated with obesity in men

OA

Frequent association in the elderly with increasing body weight—risk of disability attributable to OA equal to heart disease and greater
to any other medical disorder of the elderly

Liver and gall bladder disease

Overweight and obesity associated with
nonalcoholic fatty liver disease and NASH.
40% of NASH patients are obese; 20% have
dyslipidemia
3× risk of gall bladder disease in women with a
BMI of >32 kg/m2 7× risk if BMI of >45 kg/m2

BMI, Body mass index; CAD, coronary artery disease; HTN, hypertension; NASH,
nonalcoholic steatohepatitis; OA, osteoarthritis;

organ system can be included in the extended list of health
risks associated with having an abnormally elevated BMI.
A listing of the most common specific disease states along
with their obesity-associated risk is detailed in Table 58.3.
As a result, obesity is also associated with early death.11,23

Abdominal obesity
Atherogenic dyslipidemia (↑ TGs, ↓ HDL-C, ↑ ApoB, ↑ small LDL
particles)
Elevated blood pressure
Insulin resistance ± glucose intolerance
Proinflammatory state (↑ hsCRP)
Prothrombotic state (↑ PAI-1, ↓ FIB)
Other (endothelial dysfunction, microalbuminuria, polycystic
ovary syndrome, hypoandrogenism, non-alcoholic fatty liver
disease, hyperuricemia)
ApoB, Apolipoprotein-B; FIB, fibrinogen; HDL-C, high-density lipoprotein
cholesterol; hsCRP, high-sensitivity C-reactive protein; LDL, low-density
lipoprotein; PAI-1, plasminogen activator inhibitor; TG’s, triglycerides.

Of all the health risks included in Table 58.3, metabolic
syndrome and OSA merit additional attention as they pose
special concerns for the anesthetic care of obese patients.

METABOLIC SYNDROME
The clustering of a group of defined metabolic and physical abnormalities is now referred to as the metabolic syndrome.24 Patients with metabolic syndrome commonly
have abdominal obesity, reduced levels of high-density
lipoprotein (HDL), hyperinsulinemia, glucose intolerance,
hypertension, and other characteristic features15 as listed
in Box 58.1. Specific criteria for diagnosing metabolic syndrome are included in Table 58.4. The diagnosis requires
that at least three of the following be present: abdominal
obesity, elevated fasting glucose, hypertension, low HDLs,
and hypertriglyceridemia.25 Weight gain with visceral obesity is a major predictor of the metabolic syndrome. The
clinical approach uses waist circumference, rather than
BMI, to define the adipose mass component contributing
to the metabolic syndrome since BMI has been shown to
be a relatively insensitive indicator of the risk for obesityassociated metabolic and cardiovascular diseases. Waist
circumference, but not BMI, reflects abdominal subcutaneous adipose tissue as well as abdominal visceral adipose
tissue and is therefore a better index of central, or truncal,
fat mass.
In the United States, approximately 34% of the adult
population have metabolic syndrome.26 Of these, more
than 83% meet the criterion of abdominal obesity. The incidence of metabolic syndrome increases with age, with more
than 40% of the U.S. population affected by the age of 60
years.24 Men are affected more commonly than women,
and Hispanics and South Asians appear to be particularly
susceptible. Its frequency is lower in African American men
than in Caucasians. Metabolic syndrome may result from
use of some commonly prescribed drugs, including corticosteroid, antidepressant, and antipsychotic agents. Protease
inhibitors used to treat human immunodeficiency virus
(HIV) infection can induce metabolic syndrome secondary
to insulin resistance.
Patients with metabolic syndrome have an increased
risk for cardiovascular disease events and are at increased
risk for all-cause mortality. Metabolic syndrome increases
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TABLE 58.4 Clinical Criteria for Diagnosing Metabolic
Syndrome
Central obesity

Waist circumference >102 cm in men
Waist circumference >88 cm in women

Plus any two of the following:
Criteria

Defining Value

Triglycerides

150 mg/dL (1.7 mmol/L), or
Specific treatment for this lipid abnormality

High-density lipoprotein cholesterol

<40 mg/dL (1.03 mmol/L) in men, or
<50 mg/dL (1.29 mmol/L) in women, or
Specific treatment for this lipid abnormality

Blood pressure

Systolic blood pressure >130 mm Hg, or
Diastolic blood pressure >85 mm Hg, or
Treatment of previously diagnosed hypertension

Fasting glucose

110 mg/dL (5.6 mmol/L), or
Previously diagnosed type 2 diabetes

the risk of type 2 diabetes, which itself is an important risk
factor for atherosclerotic disease and may be considered as
a coronary heart disease equivalent.17,24 Metabolic syndrome is also associated with a variety of other conditions,
such as polycystic ovary syndrome, nonalcoholic fatty liver
disease, gallstones, sleep disturbances, sexual impotence,
and numerous forms of cancer including breast, endometrial, pancreatic, colon, and liver cancer, as detailed in Table
58.3.27 In multiple trials involving nearly 1900 patients,
morbidly obese individuals had much greater weight loss
following bariatric surgery than after nonsurgical therapy,
with amelioration of most of the diseases associated with
morbid obesity in a year’s time.28 Metabolic syndrome is
resolved by bariatric surgery in over 95% of patients who
achieve the expected weight loss,29 making it clear that bariatric surgery is a metabolic intervention and not simply a
weight management procedure.30
Inflammatory processes appear to play an important role
in the metabolic syndrome.20 Adipose tissue has two major
functions: storage and release of energy-rich fatty acids and
secretion of proteins required for endocrine and autocrine
regulation of energy metabolism. Adipocytes exert their
metabolic effects by release of free fatty acids, whose release
is enhanced by the presence of catecholamines, release of
glucocorticoids, increased beta-receptor agonist activity,
and reduction of lipid storage mediated by insulin. Visceral
adipose tissue has been identified as an important source of
proinflammatory cytokines such as tumor necrosis factor-α
(TNF-α) and interleukin-6 (IL-6), as well as antiinflammatory cytokines such as adiponectin. Increased levels of proinflammatory cytokines likely contribute to the etiology of
insulin resistance primarily by obstructing insulin signaling
and contributing to downregulation of peroxisomal proliferator-activated receptor-γ, which are fundamentally important regulators of adipocyte differentiation and control.
Additionally, insulin resistance may promote inflammation
through diminution of insulin’s antiinflammatory effects.

Lastly, oxidative stress is increased with obesity, primarily as
a result of excessive intake of macronutrients and a concomitant increase in metabolic rate. These factors may also contribute to the inflammatory response noted with obesity.20
Native immune responses act aberrantly in obese individuals. Natural killer (NK) cell cytotoxic activity is depressed
with obesity, as are plasma levels of cytokines such as IL-12,
IL-18, and interferon-γ known to regulate NK cell function.31
Other cytokines (primarily IL-6 and TNF-α) and adipokines
(leptin, adiponectin, adipose-derived resistin) are two additional major groups of inflammatory proteins produced and
released by adipose and adipose-associated tissue.20 Both
serum and adipose tissue obtained from obese subjects consistently have elevated levels of IL-6 and TNF-α, and circulating levels of IL-6 are consistently increased in individuals
having either type 2 diabetes or impaired glucose tolerance.
Proteins such as leptin and adiponectin, which are produced primarily by adipocytes, are classified as adipokines.
Although leptin is primarily involved in appetite control,
its immunologic effects include protection of T lymphocytes
from apoptosis and regulation of T-cell activation and proliferation. Reduced leptin levels may increase appetite and slow
metabolism, but may also increase susceptibility to the toxicity of proinflammatory stimuli, such as endotoxin and TNFα. Elevated leptin levels are proinflammatory, and this likely
plays an important role in the progression of heart disease
and diabetes, especially in obese patients. Serum levels of adiponectin correlate with insulin sensitivity and do not rise in
obesity. Significantly reduced adiponectin levels are found in
patients having type 2 diabetes. Adiponectin reduces both
TNF-α production and activity. It also inhibits IL-6 production. Resistin, an adipokine that induces insulin resistance,
is induced by endotoxin and cytokines. Resistin acts at the
cellular level to upregulate production of proinflammatory
cytokines, most likely through the nuclear factor κB (NFκB)
pathway. Resistin appears to present a molecular link among
metabolic signaling, inflammatory processes, and the development of cardiovascular disease. Resistin levels have been
associated with inflammatory markers apparently independent of BMI in humans.20
An understanding of the role of NFκB in insulin resistance
is required to fully appreciate the links between obesity and
inflammation. Both free fatty acids and TNF-α act via intracellular inflammatory cascade pathways to arrest insulin
signaling. This process is mediated by activation of transcription factors present within the cell cytoplasm. Following their translocation to the nucleus, they eventually bind
to transcription factors regulating the inflammatory process.
The cytoplasm also contains NFκB, another transcription
factor whose activation is implicated in a number of diseases, including diabetes. NFκB is also induced by hypoxia,
and it increases production of proinflammatory cytokines
TNF-α and IL-6, both of which are frequently increased in
patients with OSA syndrome.20 Therefore inflammation
provides the common linkage underlying the association
between obesity, metabolic syndrome, and OSA.32!

OBSTRUCTIVE SLEEP APNEA—HYPOPNEA
SYNDROME
OSA is a condition characterized by recurrent episodes of
partial or complete upper airway collapse occurring during
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sleep.33 An obstructive apneic event is defined universally
as the complete cessation of airflow during breathing lasting 10 seconds or longer despite maintenance of neuromuscular ventilatory effort. The definition of an obstructive
hypopneic event however may vary depending on the criteria being used for scoring. The Centers for Medicare and
Medicaid Services (CMS) defines a hypopneic event as the
partial reduction of airflow of 30% or more lasting at least
10 seconds, accompanied by a decrease of at least 4% in
the oxygen saturation (SpO2) as opposed to the American
Academy of Sleep Medicine (AASM), which accepts a 3%
drop in SpO2 or a terminal cortical arousal. Additionally,
the AASM recommends scoring a third type of respiratory
event in which flow limitation is detected and is associated
with a cortical arousal. These events are designated respiratory effort related arousals (RERAs).
The diagnosis of OSA can only be made in patients
who undergo polysomnography, or a home sleep study.33
Results of polysomnography are reported as the apneahypopnea index (AHI), which is derived from the total
number of apneas and hypopneas divided by the total
sleep time or the respiratory disturbance index (RDI)
which includes RERA. A normal lower limit for AHI has
not yet been defined in an epidemiologic study of healthy
subjects. Most sleep centers commonly use an AHI
between 5 and 10 events per hour as a normal limit. The
severity of obstructive sleep apnea/hypopnea syndrome
(OSAHS) is arbitrarily defined, but recommendations for
disease classification are as follows33:
Mild Disease: AHI of 5 to 15 events per hour
Moderate Disease: AHI of 15 to 30 events per hour
Severe Disease: AHI of greater than 30 events per hour
Due to the risks of developing systemic and pulmonary hypertension, left ventricular hypertrophy, cardiac
arrhythmias, cognitive impairment, persistent daytime
somnolence, and other factors, treatment is recommended
for patients with either moderate or severe disease. Treatment partly depends on the severity of the sleep-disordered
breathing, but the consensus view is that patients with
moderate or severe disease should be treated with continuous positive airway pressure (CPAP) during sleep. Other
conservative treatment measures may include weight loss,
avoidance of alcohol prior to bedtime, and sleeping on
one’s side.
Numerous studies have confirmed that obesity is the
greatest risk factor for OSAHS, with about 70% of patients
(up to 80% of males and up to 50% of females) with OSAHS
being obese. Severe sleep apnea disease is more common in
men until women reach the age of menopause, and a strong
negative correlation between the AHI and minimum SpO2
has been observed. Importantly, the diagnosis of OSAHS
may be missed until the patient presents for surgery. In
one study of 170 patients presenting for surgery, only 15%
had already been diagnosed with sleep apnea, but on preoperative testing, 76% were found to have OSAHS.34 A
STOP-Bang questionnaire (Box 58.2) can be used to screen
patients for OSA, with a score of 5 to 8 identifying patients at
risk for moderate to severe disease.35 We believe it is important for obese patients presenting for bariatric surgery to
undergo preoperative polysomnography testing for OSAHS.
Preoperative diagnosis and appropriate interventional
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BOX 58.2 STOP-Bang Questionnaire
1. Snoring: Do you snore loudly (loud enough to be heard
through closed doors)?
2. Tired: Do you often feel tired, fatigued, or sleepy during daytime?
3. Observed: Has anyone observed you stop breathing during
your sleep?
4. Blood pressure: Do you have or are you being treated for high
blood pressure?
5. BMI: BMI more than 35 kg/m2?
6. Age: Age over 50 years old?
7. Neck circumference: Neck circumference >40 cm?
8. Gender: Male?
High risk of OSA: Yes to 3 questions.
Low risk of OSA: Yes to <3 questions.
BMI, Body mass index; OSA, obstructive sleep apnea.

management can have the following benefits: less postoperative sleep deprivation, improved response to analgesic
and anesthetic drugs, and normalization of cardiovascular
disturbances.36
Anatomically, obese patients with OSAHS typically have
increased amounts of adipose tissue deposited into oral and
pharyngeal tissues including the uvula, tonsils, tonsillar
pillars, tongue, aryepiglottic folds, and lateral pharyngeal
walls. An inverse relationship exists between the degree of
obesity and pharyngeal area. Deposition of fat in the lateral
walls decreases the size of the airway and changes the shape
of the oropharynx into an ellipse with a short transverse
and long anteroposterior axis.37-39 This configuration can
contribute to both the development and severity of airway
obstruction and can also increase the expectation that it
will be more difficult to maintain airway patency during
mask ventilation and to perform direct laryngoscopy for
endotracheal intubation with general anesthesia.40-41 Neuromuscular blockade should be fully reversed prior to extubation, and low tidal volumes or lung protective ventilation
should be employed.
Additionally, airway obstruction following extubation is
likely to be complicated by the use of opiate and sedative
drugs needed for postoperative pain management because
these drugs tend to decrease pharyngeal dilator tone and
increase the likelihood of upper airway collapse.40
OSA also plays an important role in inflammation and
the metabolic syndrome.20,32 The hypopneic and apneic
events that occur in OSAHS are part of the cycle of events
that involves both arousal from sleep and oxyhemoglobin desaturation. Sympathetic nervous system activation
results as patients with untreated OSA undergo cyclic episodes of hypoxia and reoxygenation. This process leads
to elevation of proinflammatory cytokines and may also
induce oxidative stress of vascular endothelium, thus inducing an even more heightened state of systemic inflammation in obese patients with OSA.32 Levels of many different
inflammatory mediators, including IL-6, high-sensitivity
C-reactive protein (hs-CRP), leptin, TNF-α, IL-1, reactive
oxygen species, and adhesion molecules, such as intracellular adhesion molecule-1 (ICAM-1) and vascular cell
adhesion molecule-1 (VCAM-1), are increased in patients
with OSAHS.20 Thus obesity, the metabolic syndrome, and
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OSAHS are interrelated diseases that significantly alter a
patient’s inflammatory disease profile and increase multiple health risks, particularly those of cardiovascular and
airway origin. Importantly, surgical intervention to cause
weight loss has been shown not only to improve obesityrelated respiratory disease,14 but it also can lead to significant and sustained increases in plasma adiponectin levels
while decreasing both IL-6 and hs-CRP levels42 as well as
improve NK cell function and increase IL-12, IL-18, and
interleukin-γ plasma levels.31!

Nonsurgical Management of
Obesity
The primary goals of nonsurgical management of obesity
involve weight loss, the treatment of abnormalities associated with metabolic syndrome, and prevention of type 2 diabetes and cardiovascular disease-related events. Treatment
of metabolic syndrome needs to follow an aggressive, multifaceted approach to address multiple underlying metabolic
abnormalities and coexistent risk factors simultaneously.24
An appropriate initial treatment of obesity and metabolic
syndrome is therapeutic lifestyle change. This includes
dietary modification, weight loss, physical activity, and
discontinuation of smoking. The treatment aim is improvement in health, and is the primary reason for advocating
weight loss. Modification of energy homeostasis is not easily achieved because a strong brain-gastrointestinal axis
drives both food intake and satiety. This axis has hormonal
components involving endogenous production of ghrelin,
an orexigenic peptide that is produced by the foregut of
the stomach and that stimulates appetite.43 Therefore it is
important to monitor the effects of treatment on risk factors
and comorbidities at the systems, organ, cell, and molecular
levels. Treatment success should be reflected in the decreasing need to treat other coexisting diseases.
The goal for weight loss in therapeutic lifestyle change is
not the achievement of normal or ideal body weight (IBW).
Even a modest weight loss, in the range of 5% to 10% from
the presentation weight, can result in significant initial
improvement in the comorbidities of diabetes, dyslipidemia,
and hypertension by lowering total cholesterol and triglyceride levels, raising HDL-cholesterol, lowering arterial blood
pressure, and lowering blood glucose values while reducing
insulin resistance.24,44 Obesity guidelines stress the need
for weight reduction using behavioral change to reduce
caloric intake and increase physical activity. A decrease in
caloric intake is the most important component in achieving weight loss and increased physical activity is critical in
maintaining the lost weight.45 Reduced-energy diets are
more effective and healthier for achieving long-term weight
loss. Long-term maintenance of any weight loss achieved
is best accomplished with the inclusion of regular exercise
as a staple of the weight-reduction regimen. Regular physical exercise improves several risk factors associated with
obesity and metabolic syndrome.46 The standard exercise
recommendation is a daily minimum of 30 minutes of moderate-intensity physical activity that is practical to perform.
Larger weight loss goals are more appropriate for the more
profoundly obese individuals who are contemplating surgical interventions. Even with surgery, ideal weight is hardly

ever achieved, and after a number of years at a plateau,
weight gain often recurs. In some patients, especially in the
presence of severe comorbidities, simple prevention of additional weight gain may be the most reasonable goal.
Beyond the beneficial effects of therapeutic lifestyle
change, specific intervention may be required to treat the
dyslipidemia and hypertension associated with obesity and
metabolic syndrome.47 Most commonly, patients with metabolic syndrome have elevated triglyceride levels and low HDL
cholesterol levels. Many patients receive statin therapy as
the treatment of choice when low-density lipoprotein (LDL)
cholesterol levels are excessive. Statins reduce cardiovascular disease risk in patients with type 2 diabetes and metabolic
syndrome. Ezetimibe, which selectively inhibits intestinal
cholesterol absorption, can be combined with statin therapy
to further reduce LDL cholesterol by 15% to 20%. Fibrates
effectively decrease triglyceride levels while increasing HDL
cholesterol. Fibrates lower LDL cholesterol levels mildly, but
when combined with statin therapy, fibrates may increase
the risk of myopathy. Omega-3 fatty acids decrease triglyceride levels and improve insulin resistance in patients
with metabolic syndrome. They are often used in combination therapy with other classes of the hypolipidemic drugs.
Nicotinic acid is highly effective in raising HDL cholesterol
levels in patients with metabolic syndrome. Nicotinic acid
decreases the concentration of small, dense LDL particles
and also lowers serum levels of lipoprotein (a).47
Dietary salt restriction and therapeutic lifestyle change
are the primary means to address hypertension in obesity
and metabolic syndrome. According to the 2017 guidelines published by the American College of Cardiology and
American Heart Association (ACC/AHA),48 patients having arterial blood pressure higher than 130/80 mm Hg
may require antihypertensive drug therapy. There is no
specific antihypertensive drug that is recommended as a
first-line treatment in these patients, and generally the goal
of antihypertensive therapy requires that polypharmacy
be employed. A considerable element of the risk reduction
resulting from antihypertensive therapy is decreasing arterial blood pressure.
The treatment of insulin resistance and hyperglycemia
in metabolic syndrome, type 2 diabetes, and obesity is usually achieved with oral hypoglycemic drugs.47 A number of
different drug groups (and drugs within each group) that
work through various mechanisms of action are available
to treat hyperglycemia. These include α-glucosidase inhibitors, sulfonylureas, meglitinides, D-phenylalanine derivatives, biguanides, and thiazolidinediones.47 Anesthetic
implications include the need to assess and treat abnormal
blood glucose levels in the perioperative period while being
especially careful in the use of insulin in patients who are
both insulin resistant and temporarily unable to continue
on oral medication. At present, the optimal anesthetic management of patients who are taking metformin is not clear.
There is a serious potential for postoperative lactic acidosis
that can develop in patients using this drug. This possibility
has led some physicians to routinely cancel or delay surgical procedures if metformin has been ingested within 48
hours of the scheduled surgery. Other physicians, however,
have their patients continue taking metformin, both before
and after surgery, without interruption if possible. Recent
evidence indicates that patients taking metformin have a
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reduced risk for complications. It appears that metformin
may be safely used in the perioperative period.49
Patients with metabolic syndrome and obesity may also
be prescribed antiplatelet therapy. The AHA recommends
that low-dose aspirin be used as a form of primary prevention in patients with metabolic syndrome whose 10-year
risk for cardiovascular disease is 10% or greater as determined by Framingham risk scoring.

BEHAVIORAL INTERVENTIONS AND
MODIFICATION
Behavioral interventions and behavioral modification are
essential for obese patients to change their learned habits
related to eating and physical activity in order to produce
weight loss and long-term weight reduction.47 This applies
both for nonsurgical and surgical approaches to weight loss.
The key features of typical behavioral programs include
self-monitoring, goal setting, nutrition and exercise education, stimulus control, problem solving, cognitive restructuring, and relapse prevention. Patients often benefit from
referral to multidisciplinary weight loss programs that
incorporate diet, physical activity, and behavioral interventions to achieve their weight loss goals because these combined interventions provide the best weight loss and weight
maintenance results without pharmacologic or surgical
intervention. However, it is essential to identify and treat
patients with eating disorders or major psychiatric disorders who require specialized psychiatric and psychological
treatment to achieve meaningful weight loss.!

PHARMACOTHERAPY FOR WEIGHT LOSS
Recommendations for pharmacotherapy as a treatment of
obesity, first and foremost, stress lifestyle and behavioral
modifications as the initial approaches to initiate weight
loss.27 Patients who do not reach their established reasonable weight loss goals by a combination of diet and exercise
may be directed to pharmacotherapy to increase weight loss.
There are weight loss drugs that have been approved by the
Food and Drug Administration (FDA) and are currently prescribed for long-term use. These are typically used adjunctively with diet and exercise for patients having a BMI of 30
or greater (≥27 for patients with obesity-related risk factors
or comorbid diseases). In current practice, there are only
two categories of weight loss drugs: appetite suppressants
and lipase inhibitors. Three drugs are currently available for
the specific indication of weight loss: phentermine, lorcaserin,50 and orlistat.47 Phentermine, an adrenergic reuptake
inhibitor, augments adrenergic signaling within the central nervous system and peripheral tissues. Phentermine
decreases appetite and food intake and increases resting
metabolic rate to promote weight loss. Its side effects include
tachycardia and hypertension. Lorcaserin is a selective
5-HT2C receptor agonist that reduces food intake through
the activation of pro-opiomelanocortin. Due to its selectiveness for the 5-HT2C receptor, lorcaserin has a better safety
profile than the previous serotonin agonists for weight loss
that have since been removed from the U.S. market due
to increased risk of stroke and acute coronary syndrome.
Lorcaserin should not be used in patients on selective serotonin reuptake inhibitors (SSRIs) or monoamine oxidase
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inhibitors (MAOIs) due to the risk of serotonin syndrome,
which can be life threatening. Orlistat, a lipase inhibitor,
reversibly binds to lipase and prevents both absorption and
digestion of certain dietary fats. Because orlistat also interferes with the absorption of fat-soluble vitamins, patients
using this drug need to supplement fat-soluble vitamins A,
D, E, and K. It has significant gastrointestinal side effects
including diarrhea, steatorrhea, flatulence, fecal incontinence, and oily rectal discharge.!

ALTERNATIVE PHARMACOLOGIC OPTIONS
Allison and colleagues 51 reviewed the literature on dietary
and herbal medications for weight loss. These agents are
marketed as “food supplements,” thereby escaping the purview of the FDA. Even though these supplements cannot
legally claim to treat a disease, they can claim to reduce the
risk of a disease. According to the review, claims for weight
loss have been made for multiple products such as chitosan,
chromium picolinate, conjugated linoleic acid, ephedra
alkaloids (ma huang),52 and Garcinia cambogia. 51 Most of
the reports involving these compounds are from poor quality studies without any randomization, control groups,
or blinding, thereby placing in question both efficacy and
safety of these compounds. The only studies involving herbals that have consistently demonstrated weight loss involve
combinations of ephedrine and caffeine.53-54 Pharmacologically, this is expected because ephedrine, an adrenergic agonist, is known to be an appetite suppressant and a
thermogenic agent. For this reason, ma huang, a natural
source of the ephedra alkaloid, is added to most, if not all,
dietary supplements marketed for weight loss. The success
of ephedrine as a weight loss agent in combination with
caffeine and or aspirin is well established. Unfortunately,
multiple cases of cardiac and neurological issues, including hypertension, stroke, seizure, and even death have been
reported,55 possibly related to the inconsistent doses in the
preparations and the lack of medical supervision in people
consuming these products for weight loss. Consequently,
the National Institutes of Health has banned these products
from any recommended weight loss regimen.!

IMPLANTED ELECTRICAL STIMULATORS
Implantable gastric stimulators are subcutaneously placed
devices that resemble cardiac pacemakers and stimulate
along the lesser curvature of the stomach. These gastric
stimulators have been tried since the early 2000s and
have been found to cause modest weight loss with few
side effects.56-57 Numerous clinical trials conducted in the
United States and Europe have shown some promising
results. Most studies demonstrated weight loss during the
first 12 months; however only a few studies had a followup period of longer than 1 year.58 One study documented
a 25% excess weight loss, improved response to oral glucose tolerance test, decreases in arterial blood pressure,
and an improvement in symptoms of gastroesophageal
reflux disease (GERD), along with an increased parasympathetic drive. No serious side effects were noted in the first
65 patients reported on in this study56 or in the 20 patients
followed in another.57 Ghrelin levels may play a role in the
success of these devices.!
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Surgical Management of Obesity
Adult obesity is clearly rooted in childhood obesity. Unfortunately, pediatric obesity is the most common childhood
nutritional disorder in the United States. This is one of the
tragedies of the current obesity epidemic: the significant
and increasing prevalence of obesity in the young. It has
attained a level of controversy that has involved the placement of vending machines in schools and the availability of
sweetened snacks and soft drinks in public places as public
policy is developed to help control the epidemic of pediatric obesity. The diagnosis of pediatric obesity is commonly
defined using criteria developed by the Centers for Disease
Control and Prevention (CDC) using BMI-, age-, and sexspecific clinical growth charts.59 These percentile curves
apply to the ages of 2 to 20 years, and because BMI exhibits
nonlinear variation during growth, percentile ranges are
utilized. The CDC defines children possessing BMIs in the
5th to 85th percentiles as having “healthy weight.” Children whose BMI is in the 85th to 95th percentile are “at
risk for overweight,” while those having a BMI above the
95th percentile are classified as “overweight.” These classifications were previously regarded as “overweight” and
“obese,” respectively. This switch in terminology continues
to be a source of confusion. Exceeding the 99th percentile is
referred to as extreme pediatric obesity.
The National Health and Nutrition Examination Survey
2011–14 data show that the prevalence of obesity in children for age 2 to 5, 6 to 11, and 12 to 19 years are 9.4%,
17.4%, and 20.6%, respectively.60 There does not appear
to be an influence of gender on the prevalence of obese children above the age of 6 years. While the prevalence of obesity among children of ages 6 to 11 and 12 to 19 has steadily
increased since 1988, there has been a slight recent decline
in obesity among ages 2 to 5 years. A number of developing
countries have childhood prevalence rates higher than that
of the United States,61 indicating that adolescent obesity is
becoming pervasive.
Treatment of pediatric obesity is based on the balance of
caloric intake and expenditure. These lifestyle changes are
most successful with family intervention and support. The
three pillars of success in this treatment are: better eating
habits, increased physical activity, and decreased sedentary
activity.62 Success involves more than education of child and
family; it incorporates goal setting, self-monitoring, incentives, and stimulus control. Lifestyle interventions remain
the treatment of choice in pediatric obesity, but concomitant
pharmacotherapy may be beneficial in some patients. Orlistat, which is covered elsewhere in this chapter, should be
considered as second-line therapy for pediatric obesity.63
Although in 2000, less than 1% of all bariatric surgery
patients in the United States were younger than 20 years of
age,64 the total number continues to increase. More adolescents are presenting for weight loss surgery, after failing to
reduce weight and/or comorbidities in medically supervised
and pharmacologically assisted weight loss programs. Even
though many adult bariatric surgery programs are well
qualified to provide safe and effective perioperative care for
these patients, they may not be as well equipped to handle
the unique metabolic and psychological needs of teenagers. Because of the shorter duration of obesity and fewer
age-related comorbidities, adolescent patients have shorter

length of stay and lower immediate postoperative mortality
when compared to adults.64
Consent is an important issue in this population. Is parental consent to a semi-elective, relatively high-risk procedure
appropriate? Does the child really understand the concept
of high risk of death in the month after surgery? These
and other such questions of ethics in medicine need to be
addressed, but are beyond the scope of this chapter.
The rapid increase in the prevalence of both morbid obesity and superobesity, together with the increased risk of
early demise within the obese population, has significantly
increased the number of bariatric surgical procedures performed annually. The term bariatric surgery refers to surgical alteration of the small intestine or stomach with a view
toward producing weight loss. It is estimated that over
216,000 bariatric surgeries are being performed annually in
the United States. Care of obese patients is not limited to obesity surgery, however, as these patients present for all types
of operations. Nonetheless, the benefits of surgical treatment
of obesity now appear to have clear endocrinologic and cardiovascular value for reversing pathophysiologic effects of
metabolic syndrome, type 2 diabetes, and other comorbidities of obesity, in addition to providing a mechanical means of
enhancing weight loss.65-71 Several alternative procedures in
bariatric surgery have evolved from early procedures based
on creating malabsorptive gut pathways to newer procedures aimed at altering hormonal regulation of caloric intake
drive and satiety.72 Primarily the available options can be
separated into one of two groups: (1) operative procedures
and (2) minimally invasive procedures that combine gastric
restriction with induction of nutrient malabsorption.

OPERATIVE PROCEDURES
Surgery for obesity is one of the fastest growing surgeries
performed worldwide.73 The operative group can be divided
into gastric restrictive procedures and procedures that
combine gastric restriction with induction of nutrient malabsorption.74-83 These procedures can be performed using
an open, laparoscopic, or robot-assisted approach. In general, minimally invasive (laparoscopic, robotic) approaches
are preferred over an open procedure as they have a lower
complication rate, hospital stay, and morbidity.84 The rate
of open bariatric procedures has continued to decrease
steadily to the extent that nearly 90% of surgical bariatric
cases are now performed laparoscopically.85!

RESTRICTIVE PROCEDURES
The surgical goal of restrictive operative procedures is to
reduce and limit the patient’s food intake capacity.80 This is
most commonly achieved by reducing the stomach’s reservoir
capacity. The vertical band gastroplasty was a widely practiced restrictive procedure in the previous three decades, but
it was replaced by the minimally invasive laparoscopic gastric
band procedure (LGB), which was very popular. However,
in recent years, the percentage of bariatric procedures represented by LGB surgery performed has also decreased from 35%
in 2011 to approximately 3% in 2016.86 This decline in LGB
operations is probably secondary to only modest amount of
weight loss and high rates of band revisions and adjustments
required. Recently, the sleeve gastrectomy (SG) has become
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Fig. 58.2 Sleeve gastrectomy: a tubular stomach is created as the fundus and greater curvature of the stomach are removed around a 32F
to 40F bougie.

the most commonly performed surgery for obesity. As illustrated in Fig. 58.2, in SG surgery, a tubular stomach is created
around a 32 to 40 French bougie by removing the greater
curvature of the stomach. The SG has been shown to be safe
and effective, with a mean excess weight loss of approximately
65%.87 The weight loss noted after a SG is not only due to the
restrictive stomach, but also due to the decrease in hormonal
level of ghrelin that regulates appetite and food intake.88!

Duodenum

Alimentary limb

Biliopancreatic limb
Fig. 58.3 Roux-en-Y gastric bypass: part of the stomach is detached
from the rest, creating a small pouch. The pouch is connected to a lower
part of the small intestine by a piece of small intestine, resembling a Y.
As a result, parts of the stomach and small intestine are bypassed. However, digestive juices (bile acids and pancreatic enzymes) can still mix
with the food, enabling the body to absorb vitamins and minerals and
reducing the risk of nutritional deficiencies.

MALABSORPTIVE PROCEDURES
The surgical goal of malabsorptive procedures is to cause
weight loss both by gastric restriction and nutrient malabsorption. Historically, early surgical procedures involved
creation of a long jejunoileal bypass. Patients achieved significant weight reduction but this was commonly accompanied by an unacceptable incidence of serious vitamin and
protein malabsorption, osteoporosis, and hepatic failure.
Today, gastric bypass (GBP), which is illustrated in Fig.
58.3, and biliary pancreatic diversion (BPD) are the two
most commonly performed malabsorptive operations, and
both have achieved success in safety and efficacy.80 GBP is
more commonly performed than BPD, and it is considered
the safer of the two malabsorption procedures. GBP surgery
involves the creation of a small gastric pouch by stapling or
banding the stomach. This results in an element of gastric
restriction. GBP also involves the creation of a Roux-en-Y
anastomosis, in which the small gastric pouch is directly
connected to the middle portion of the jejunum.89 The OrVil
device, shown along with nontapered and tapered bougies
in Fig. 58.4, may be used by the surgeon to assist with creation of the anastomosis. The orogastric portion of the OrVil
device is passed through the oropharynx and then pulled
through by the surgeon via a gastrostomy, until the anvil
portion of the OrVil device reaches the stomach. It is then
attached to a stapler to create the anastomosis. The path
for food through the gastrointestinal tract subsequently
bypasses the gastric remnant and the upper portion of the
duodenum. This procedure can be performed with a laparotomy incision or by using laparoscopic techniques.90-91

Fig. 58.4 32F tapered bougie (top), 40F nontapered bougie (middle),
and OrVil device (bottom) commonly used during bariatric surgery.

Although this is considered to be a safe operation, the associated perioperative mortality is higher than that of restrictive procedures.77 Additionally, there are some important
long-term complications such as vitamin B12 deficiency,
anemia, incisional hernia, cholelithiasis, and staple line
failure that occur with significant frequency. Often a cholecystectomy is performed concurrently to prevent future
cholelithiasis.92 BPD is also a form of Roux-en-Y GBP reconstructive alimentary anatomy in which the bypassed intestinal segment includes the portion of duodenum at the point
of entry of biliary and pancreatic secretions. This allows the
bypassed intestine to be exposed to bile and pancreatic juice.
The antrum is removed to avoid peptic ulceration, and food
intake is only affected to a limited degree. The essential
element of this operation is division of the small intestine
about midlength, with the distal end of the alimentary limb
being anastomosed to a generous gastric remnant. The
more proximal biliopancreatic limb is anastomosed to the
alimentary limb about 50 cm from the ileocecal valve. Following either the GBP or BPD form of operation, patients
require life-long follow-up and may need micronutrient
replacement long term.!
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MINIMALLY INVASIVE PROCEDURES
There have recently been a few devices approved in the
United States for weight loss. One such device is the intragastric balloon that acts in a restrictive manner.93 The
intragastric balloon is placed in the patient’s stomach endoscopically and is filled with saline to provide a sensation of
fullness and satiety. The device can be kept in the patient’s
stomach for a maximum of 6 months and has been shown
to decrease weight by an average of 6.8%. Most common
complications of the intragastric balloon are related to gastrointestinal symptoms such as nausea, vomiting, halitosis,
GERD, and abdominal discomfort; however serious complications such as balloon rupture, migration, and intestinal
obstruction are possible.94
Another device that has been approved for use in the
United States is an endoscopically placed percutaneous gastrostomy tube to facilitate stomach emptying. The device
can be used for draining ingested foods and in preliminary
studies has been shown to decrease total body weight (TBW)
by approximately 12%.95 The most common side effects
were abdominal discomfort and peristomal irritation; however serious complications such as abdominal pain requiring hospitalization and peritonitis were noted infrequently.!

HEALTH BENEFITS OF BARIATRIC SURGERY
The two most significant outcome measures of bariatric
surgical success are weight loss and resolution of comorbidities. Major effects of bariatric operations have been nicely
summarized in extensive meta-analyses67,96-97 as well as
in a major literature review.98 Patients undergoing bariatric surgery with either SG or GBP have lost 52% to 68%
of their excess weight.99-100 This magnitude of weight loss
is far greater than what is commonly achievable by nonsurgical methods, and it is considerably closer to patients’
desired and expected weight loss. Long-term maintenance
of weight loss of this magnitude can also be maintained for
well over a decade.
Improvement in obesity-related and metabolic syndromerelated comorbidities have also been evaluated.67,97-98,101
One clinical study demonstrated that at 1 year, type 2 diabetes remission rate with bariatric surgery was approximately 40% compared to 12% with medical treatment.102
Another study showed remission rate at 2 years of approximately 85% compared to 0% with medical treatment.103
This benefit seems to persist long-term as well, as at 6 years
62% of surgical patients experienced remission in their
type 2 diabetes.104 Resolution of diabetes following surgery is inversely related to the preoperative duration of the
disease and occurs more in those patients having diabetes
controlled using oral hypoglycemic agents. This clearly
distinguishes surgical treatment of obesity as an important
endocrinologic intervention, especially since the modest
improvement in diabetes management that is produced by
nonsurgical weight loss is accompanied by relapsing disease by nearly 100% of patients within 5 years.
Surgical effects on hypertension and hyperlipidemia are
similarly impressive. A study of almost 1900 patients demonstrated that at a 6.5 year follow-up, 32% of surgically
treated patients had remission of their hypertension versus 12.5% in medically managed patients.105 A significant

decrease in triglyceride levels, approximately 30% to 40%
postbariatric surgery versus 8% from medical therapy;
and increase in HDL cholesterol levels, 30% postsurgery
versus 7% from medical therapy, have also been noted at
5 years.106 Resolution of OSAHS seems to be independent
of the specific bariatric surgical procedure employed, with
resolution occurring overall in 85.7% of patients.107 Postsurgical improvement in other comorbidities has also been
demonstrated, with improvement in fatty infiltration of the
liver, GERD symptoms, in respiratory function and asthmatic symptoms, reversal of the cardiomyopathy of obesity,
and improvements in joint pain and mobility all having
been reported.71,108-112 The reduction in obesity-related
comorbidities has been shown to endure with 5-year follow-up.113 Although bariatric surgery has been shown to
provide greater weight loss when compared with nonsurgical lifestyle interventions, comorbidities do resolve and risk
factors do improve similarly with successful conservative
treatments.101!

Anesthetic Management of the
Bariatric Surgical Patient
Patients undergoing bariatric surgery are receiving what
is now the best long-term treatment for morbid obesity.
However, their presurgical state is an agglomeration of
abnormal physiologic conditions involving multiple organ
systems. For that reason, there are considerable risks of
mortality and morbidity associated with all types of bariatric surgery. Preoperative risk stratification can be used
to identify patients at highest risk for significant morbid or
fatal events when having bariatric surgery114; however
detailed planning of the anesthesia care for the perioperative, intraoperative, and postoperative phases must be pursued for purposes of patient safety.

PREOPERATIVE EVALUATION
The preoperative assessment for anesthesia should
include consideration of hypertension, diabetes, heart
failure, and obesity hypoventilation syndrome. Results
of the sleep study that the patient underwent are important. An AHI score greater than 30, implying severe sleep
apnea, is a warning sign and a predictor for rapid and
severe desaturation at induction. CPAP levels greater
than 10 imply a patient with the potential for difficult
mask ventilation.
Another useful piece of information in the preoperative
evaluation is gleaned by examining the history of prior surgeries, their anesthetic challenges (i.e., ease or difficulty in
securing the airway, intravenous access), need for intensive
care unit admission, surgical outcomes, and the weight of
the patient at that time. This information may either help
ease some concerns or allow for better preparation for the
upcoming anesthetic care. Recommended preoperative laboratory evaluations include fasting blood glucose, lipid profile, and serum chemistries (evaluating renal and hepatic
function), complete blood count, ferritin, vitamin B12, thyrotropin, and 25-hydroxyvitamin D.
If appropriately evaluated, ideally prepared, and optimally
managed perioperatively, even patients with well-known
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coronary artery disease (CAD) have comparable morbidity
and mortality as those without CAD.115 The effect of OSA
on perioperative risk remains controversial,116 but most
patients are screened for OSA using overnight oximetry or
polysomnography, or both, if appropriate. If identified with
OSA and recommended for CPAP, then patients are encouraged to initiate therapy at home and it should be continued
throughout the perioperative period.
Liver function abnormalities are common in this patient
population, especially nonalcoholic fatty liver disease, with
the extent of disease a determining factor for perioperative
risk and postoperative outcomes. Cirrhotic liver disease
with portal hypertension may be considered a contraindication to bariatric surgery.116 Gastrointestinal symptoms of
dyspepsia may indicate the presence of Helicobacter pylori,
which requires treatment by standard medical regimen.
The factors that may be considered contraindications
for bariatric surgery include unstable CAD, uncontrolled
severe OSA, uncontrolled psychiatric disorder, intellectual
disability (IQ <60), inability to understand the surgery,
perceived inability to adhere to postoperative restrictions,
continued drug abuse, and malignancy with a poor 5-year
survival prognosis. In most situations preoperative management of the medical morbidities can help optimize risk
and convert high-risk patients to ones of acceptable risk.
The anesthetic care of patients with OSA is complicated
by the side effects of anesthetic drugs on an already compromised respiratory system. The commonly presented
comorbidities in this patient population only accentuate
the problem.117 The change in perioperative risk based on
the anesthetic agent utilized is only deduced from anecdotal reports of different cases. There is a paucity of trials
to definitively determine an optimal anesthetic regimen.
Nevertheless, the American Society of Anesthesiologists
and the Society for Anesthesia and Sleep Medicine have
both published statements based on existing literature and
consensus of expert opinion addressing the perioperative
identification and management of patients who carry a formal diagnosis of OSA as well as for those who are at risk
for sleep apnea but remain undiagnosed. Additional questions commonly arise and cannot yet be answered on the
basis of high-grade scientific evidence: is it safe to perform
procedures in patients with sleep apnea and treat them
as outpatients or day surgery patients? What procedures
pose sufficient risk to the patient to recommend an overnight hospital stay? Does narcotic use impact this decision?
Would the increased role of nonsteroidal antiinflammatory
drugs (NSAIDs) change these recommendations? Factors
such as neck size and open versus laparoscopic surgery
are being studied as to their impact on outcomes. Further
research on these and other patient safety related questions
is continuing.!

INTRAOPERATIVE CARE
Obese patients present special intraoperative challenges for
the anesthesiologist in airway management, positioning,
monitoring, choice of anesthetic technique and anesthetic
drugs, pain control, and fluid management. Many of these
issues are equally important in their postoperative care. The
most significant and best studied are airway management,
including endotracheal intubation, pulmonary physiology,
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and techniques of maintaining adequate blood oxygenation
and lung volume. Specific interventions, techniques, and
approaches employed by the anesthesia care team providing anesthesia for obese patients are important determinants of outcomes.

Patient Positioning
Even though there are no evidence-based studies that demonstrate that obese patients have more frequent complications from positioning, it seems fairly intuitive that morbidly
obese patients do require extra care in positioning (see also
Chapter 34). Even in the supine position, rhabdomyolysis
from pressure on gluteal muscles leading to renal failure118
and death119 have been reported. For obese patients placed
in the prone position, cushioning gel pads or other weightbearing rolls may have excessive weight placed on them.
Pressure points must be checked carefully, and even though
pressure sites may be carefully padded, skin breakdown can
still occur. This may cause tissue necrosis and infections,
especially in lengthy surgery.120 It is difficult to protect the
dependent hip from pressure effects with patients placed in
lateral decubitus position. Obese patients have excess axillary tissue that may make it impossible or unnecessary to
place a traditional axillary roll in this position. In the lithotomy position the challenge may be in supporting the weight
of the patient’s legs using regular, and not oversized, stirrups. To minimize the risk of tissue compression injury or
development of compartment syndrome, the duration during which legs are held in stirrups should be held as short
as possible.121!
Airway Management
No positioning issue is more important than that regarding positioning of the obese individual for laryngoscopy
and endotracheal intubation. These are often considered
to be much more difficult to perform in obese patients than
patients having a normal BMI. Difficulty with laryngoscopy
and intubation is usually thought to result from the obese
patient having a short, thick neck, large tongue, and significant redundant pharyngeal soft tissue. However, the
correlation between morbid obesity and difficult laryngoscopy and intubation is not universally observed in clinical
practice. This is likely to result from a simple, but important
approach to clinical care, with careful attention being paid
to patient positioning prior to induction of general anesthesia. Appropriate positioning plays an important role in providing optimal conditions for successful placement of the
endotracheal tube under direct vision.
A number of studies have been conducted to determine
the incidence of difficult laryngoscopy or intubation in the
obese population, with mixed findings. One study found
an association between oropharyngeal Mallampati classification and BMI as predictors of difficult laryngoscopy.122
During laryngoscopy, the patients’ heads were placed in
optimum sniffing position, regardless of BMI. In a study
conducted exclusively with obese patients, BMI was not
found to be associated with intubation difficulties.41 A high
Mallampati score was identified as a predictor of “potential intubation problems,” but intubation by direct laryngoscopy was successful in 99 of 100 patients studied. All
patients were positioned with pillows or towels under their
shoulders, with the head elevated and neck extended.
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Another group studied both lean and obese patients and
found a Mallampati score of III or IV to be the only independent risk factor for difficult intubation in the obese study
group.123 The authors demonstrated that the Mallampati
score had low specificity and low positive predictive values
(62% and 29%, respectively) for difficult intubation. They
concluded that intubation was more difficult in the obese
patients. During intubation, patients were placed in a semirecumbent position (30-degree elevation) with the head
in the sniffing position. In another study ultrasound was
used to quantify the amount of soft tissue between the skin
and the anterior aspect of the trachea at the level of vocal
cords.124 The authors also assessed the airway by measurement of thyromental distance, mouth opening, degree of
neck mobility, Mallampati score, neck circumference, and
presence of OSA. Only an abundance of pretracheal soft
tissue measured ultrasonically and neck circumferences
were found to be positive predictors of difficult intubation
with laryngoscopy performed with patients in the sniffing
position. A meta-analysis of 35 studies was conducted to
determine the diagnostic accuracy of preinduction tests for
predicting difficult intubation in patients having no airway
pathology.125 The incidence of difficult intubation in obese
patients was three times the incidence compared to the
nonobese population. This may have resulted from suboptimal patient positioning, which was not clearly described
in any of the preceding studies, including ramped positioning or elevating the upper body and head of morbidly obese
patients to align the ear with the sternum horizontally, as
has been shown to improve laryngoscopic view.126 In this
study, morbidly obese patients were assigned either to be
in sniffing position or ramped position for airway management. The study demonstrated a statistically significant difference in laryngeal view, with ramped position providing
the superior view. In one study, morbidly obese patients in
a ramped position with a Mallampati score of III or IV and
male gender were shown to predict possible difficult intubation, while no relationship was noted between difficult
direct laryngoscopy and the presence of OSA, patient neck
circumference, or BMI.127
Based on the evidence from randomized controlled trials and other literature on airway management of obese
patients, patients should be readily intubated by direct
laryngoscopy if placed carefully in ramped position. This
can be achieved using commercially available positioning
devices128 or by building a ramp from blankets or sheets to
achieve the desired placement of the patient’s head relative
to the thorax.129 Obese patients must be examined for the
common objective signs of potential difficult intubation,
which include small mouth opening, large protuberant
teeth, limited neck mobility, and retrognathia. Alternative
airway management techniques include the use of a video
laryngoscope for intubating obese patients.130 Compared
to direct laryngoscopy, the use of video laryngoscopy in
patients undergoing bariatric surgery has shown to provide
a better glottic view and decreased time required to successfully intubate the trachea.131 Performance of an awake,
topicalized direct laryngoscopy with modest sedation can
also be utilized to assess laryngoscopic view in deciding
whether to proceed with induction of general anesthesia or awake, sedated fiberoptic intubation. Of course, the
equipment for emergency airway management including

laryngeal masks and a fiberoptic bronchoscope should be
immediately available.
Another area that requires specific attention during the
perioperative period is the obese patient’s pulmonary physiology. It is especially important to appreciate techniques
to maintain oxygenation and lung volume in caring for
the obese patient. First, obese patients have multiple pulmonary abnormalities, including decreased vital capacity,
inspiratory capacity, expiratory reserve volume, and functional residual capacity. Second, closing capacity in obese
individuals is close to or may fall within tidal breathing,
particularly in the supine or recumbent position. Moreover,
both lung and respiratory system compliance are low with
obesity because patients breathe at lung volumes that are
abnormally low.132 As a result of the underlying physiology,
the obese patient is likely to undergo rapid oxygen desaturation, particularly during periods of apnea such as occurs
during induction of general anesthesia. However, the presence of OSA by itself does not independently increase the
risk of the patient desaturating during induction of general
anesthesia as long as appropriate precautions are instituted.133 However, after induction and intubation have
occurred, patients may continue to derecruit gas exchange
units throughout the anesthetic course.134 A variety of
maneuvers have been studied to preserve oxygenation and
maintain lung volume specifically in the obese population.
In one study of the rate of development of hypoxemia in
patients during apnea, patients received 100% oxygen by
facemask to achieve denitrogenation before induction of
general anesthesia.134 The apneic period was continued
after induction until the SpO2 fell to 90%. Obese patients
reached the end point in less than 3 minutes, whereas it
took 6 minutes in patients having a normal BMI. Efforts
to prevent atelectasis formation and desaturation during
induction of general anesthesia in obese individuals include
application of CPAP during preoxygenation,135-137 and
mask application of positive end-expiratory pressure (PEEP),
and mechanical ventilation following induction.137 Use of
10 cm H2O CPAP during preoxygenation in the supine position resulted in a higher partial pressure of oxygen (PaO2)
after intubation and decreased the amount of atelectasis
that developed.81 The combination of CPAP during preoxygenation and PEEP/mechanical ventilation after induction
significantly increased the nonhypoxemic apnea duration
from 2 minutes, found in controls not receiving CPAP or
PEEP, to 3 minutes. Use of 7.5 cm H2O CPAP during 3
minutes of preoxygenation while supine, however, did not
change the time required for obese patients to desaturate to
an SpO2 of 90%.136 Preoxygenation using 25-degree headup (back inclined) as opposed to supine positioning without
positive airway pressure did increase the elapsed time needed
for anesthetized, apneic, obese individuals to desaturate to
an SpO2 of 92%.138 The patients in head-up position had
a significantly higher PaO2 after preoxygenation, just prior
to induction. The obesity-associated gas exchange defect
depended on the waist-to-hip ratio, an index of the distribution of adipose tissue surrounding the thorax.139 This study
further demonstrated that morbidly obese men are more
likely to have poorer pulmonary gas exchange than morbidly obese women. In a study conducted to assess the relationship between patient positioning and development of
hypoxemia in obese patients during apnea after anesthetic
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induction and intubation, patients were ventilated with a
50% oxygen/50% air mixture for 5 minutes before the ventilator circuit was disconnected.140 Apnea was continued
until the SpO2 fell to 92%, at which time ventilation was
resumed. Patients in the supine position reached the end
point in 2 minutes, but it took 30 seconds longer if supine
position with the back elevated 30-degrees was used and 1
minute longer if 30-degree reverse Trendelenburg position
was used. Use of 30-degree reverse Trendelenburg position in obese patients undergoing bariatric surgery was
also shown to reduce the alveolar-to-arterial oxygen difference, as well as increase total ventilatory compliance and
reduce peak and plateau airway pressures when compared
to supine position.141 Vital capacity has also been shown
to decrease to a greater extent under general anesthesia in
obese patients compared to normal weight patients.142
A variety of intraoperative maneuvers to maintain lung
volume and oxygenation have also been studied. Increasing tidal volume incrementally from 13 to 22 mL/kg in
obese patients ventilated under general anesthesia did not
improve the gas exchange defect but did increase airway
pressures.143 Use of 10 cm H2O PEEP has been demonstrated to have a greater effect in obese patients compared
to normal subjects on improving ventilatory mechanics, increasing PaO2, and decreasing alveolar-to-arterial
oxygen difference during general anesthesia with neuromuscular blockade.144 In addition to PEEP alone, use of a
recruitment maneuver such as sustained lung inflation to
55 cm H2O for 10 seconds followed by application of PEEP
has been demonstrated to prevent atelectasis from developing and to improve oxygenation, whereas neither PEEP nor
a recruitment maneuver alone achieved the same degree of
maintenance of pulmonary function.145
Pneumoperitoneum during laparoscopic procedures
increases pulmonary resistance and decreases dynamic
lung compliance.146 During pneumoperitoneum, alterations in body position, tidal volume, and respiratory rate
had no effect on the alveolar-to-arterial oxygen difference
in obese patients.147 During pneumoperitoneum for laparoscopic bariatric surgery, alveolar recruitment by repeated
sustained lung inflation to 50 cm H2O followed by mechanical ventilation with 12 cm H2O PEEP has been shown to
increase PaO2 intraoperatively, however at the expense of
causing hypotension that required vasopressor use.148 In
an attempt to optimize PEEP in obese patients undergoing
laparoscopic surgery, a normal functional residual capacity was maintained with 15 ± 1 cm H2O PEEP. Infusion of
intravascular volume expanders was required to prevent
PEEP-induced hemodynamic compromise.149
In summary, a back-up position with the use of PEEP during preoxygenation at induction of anesthesia and intraoperatively has been shown to decrease the A-a gradient in an
obese patient.150 Furthermore, the application of noninvasive modes of ventilation including pressure support and bilevel delivered by mask for preoxygenation, induction, and
maintenance of anesthesia to maintain oxygenation and
ventilatory mechanics in obese patients has been shown
to be beneficial. Ideal patient positioning, use of PEEP, and
special modes of ventilation just prior to emergence and
extubation may help maintain pulmonary function and
gas exchange postextubation. Currently there are no published guidelines to address the issues of maintenance of
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oxygenation and ventilatory mechanics in obese patients
undergoing general anesthesia. Considering both the airway management issues detailed previously as well as the
oxygenation, lung volume, and ventilatory mechanics
issues described above for obese individuals, anesthesia
care providers should position patients to achieve the combined goals of providing a superior laryngoscopic view for
ease of endotracheal intubation while establishing optimal
conditions for oxygenation and preservation of pulmonary
mechanical function.
It is the practice at our institution that obese patients are
initially placed in a ramped position and then into reverse
Trendelenburg, if needed, to achieve a 25- to 30-degree
incline of the thorax prior to preoxygenation. Patients are
then preoxygenated for 3 to 5 minutes using 100% oxygen
delivered under positive pressure. For those patients receiving CPAP at home for OSA, we use CPAP or pressure support ventilation by facemask at a pressure level identical to
the patient’s home CPAP setting. Otherwise, CPAP of 8 to
10 cm H2O is appropriate. Following induction, it is reasonable to maintain 8 to 10 cm H2O PEEP intraoperatively,
but care must be taken to treat any hypotension that may
occur. Finally, if the patient’s position must be changed
intraoperatively, one must return the patient to head-up
position prior to emergence and extubation.
In preparation for emergence from anesthesia, neuromuscular blockade must be fully reversed before the patient
is extubated. Given the advent of a pressure support ventilation mode on many newer models of anesthesia machines,
the bariatric patient can be maintained on pressure support during emergence once spontaneous ventilation has
resumed. When adequate muscle strength has returned, as
demonstrated by sustained tetanus using the nerve stimulator and performance of a 5-second head lift, the awake
patient who is following commands can be extubated. Pressure support or CPAP can be delivered immediately by mask
applied to the face as is done during preoxygenation prior to
induction of anesthesia. The use of PEEP and noninvasive
modes of ventilation just after emergence and extubation
has been shown to improve pulmonary function in patients
up to 24 hours later.151 We utilize CPAP during recovery,
especially in those patients already prescribed CPAP for
their OSA. The basic premise that must be respected with
regard to airway management and its integral relationship to pulmonary function is that morbid obesity incurs
significant derangements of lung function and pulmonary
mechanics. These factors must be managed carefully in
order to minimize intraoperative and postoperative pulmonary complications.152,153!

Anesthetic Drugs and Dosing
Anesthetic drugs such as opioids, propofol, and benzodiazepines are all well known to have exaggerated responses in
patients with OSA. They may decrease pharyngeal musculature tone, which is essential in maintaining airway
patency.40,154 In the setting of OSA, volatile agents are
known to diminish ventilatory response to carbon dioxide,
especially in children with tonsillar hypertrophy. Another
pediatric study showed that spontaneously breathing
intubated children with a history of OSA have depressed
ventilation and half have apnea with 0.5 µg/kg of intravenous fentanyl. Although these data are from the pediatric
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literature, it would be prudent to apply the same principles
in obese adult patients until proven otherwise. It therefore
becomes attractive to use short-acting drugs and nondepressors of ventilation like the α2-agonist dexmedetomidine. This should, at least in theory, speed up the return to
baseline respiratory function.120
Commonly used anesthetic drugs can be dosed on TBW
or IBW based on lipid solubility. In the past, IBW was interpreted to mean fat-free weight, implying that it could be
used as a substitute for lean body weight or more correctly,
lean body mass (LBM), usually approximated as 120% of
IBW. LBM is a good weight approximation to use when
dosing hydrophilic medications. As expected, volume of distribution (VD) is changed in obese patients with regard to
lipophilic drugs. This is especially true of benzodiazepines
and barbiturates, among the commonly used anesthetic
drugs. Two exceptions to this rule are procainamide155 and
remifentanil,156 which even though highly lipophilic, have
no relationship between properties of the drug and their
VD.157 Consequently, commonly used anesthetic drug dosing is based on IBW for propofol, vecuronium, rocuronium,
sugammadex, and remifentanil. In contrast, midazolam,
succinylcholine, cisatracurium, fentanyl, and sufentanil
should be dosed on the basis of TBW. Another caveat to
this recommendation is that maintenance doses of propofol should be based on TBW and conversely for sufentanil
on IBW.157 This implies that one can use, based on patient
weight, larger amounts of benzodiazepines, fentanyl, or
sufentanil, although these are best titrated to desired clinical effect. Conversely, based on real body weight, smaller
amounts of propofol are needed to anesthetize the patient.
With vecuronium or rocuronium, the initial dose should
be based on IBW with additional doses based on the closely
followed state of neuromuscular blockade. Complete blockade in the morbidly obese patient is necessary not just for
the surgeon’s convenience, but also to facilitate mechanical ventilation. The drug chosen is not as important as the
depth of the state of paralysis. The pharmacokinetic profile
of sugammadex is similar to that of rocuronium, and its
dosing should be based on IBW.158
Volatile anesthetics are chosen based on physical characteristics of tissue solubility which are expressed as bloodgas partition coefficients and fat-blood partition coefficients.
There is some evidence to suggest that desflurane may be the
anesthetic of choice based on consistent and rapid recovery
profile versus sevoflurane and propofol.159,160 Some studies
suggest that the differences in immediate recovery between
sevoflurane and desflurane are not clinically significant.161
Even though nitrous oxide provides some analgesic effect
and is rapidly eliminated, we prefer to avoid it based on the
high oxygen demands in the obese. Its entry into air spaces
in short intraabdominal surgeries may not be a significant factor, but in bariatric surgery, especially when done
laparoscopically or robotically, any increase in bowel gas
volume could make a challenging surgical procedure even
more difficult for the surgeon.!

Induction of Anesthesia
There has been considerable debate regarding obesity, the
risk of aspiration of gastric contents, and the need to provide
aspiration prophylaxis.162 Abdominal bloating or fullness
and female sex are associated with delayed gastric emptying

of solids and liquids in diabetic patients.163 Although many
obese patients have type 2 diabetes, separate studies of
gastroesophageal reflux during anesthesia have not demonstrated body habitus to be a predictor of reflux rates.164
Gastric fluid volume and pH have been shown to be the
same in obese patients who are fasting or who have oral
intake of up to 300 mL of clear liquid 2 hours prior to being
anesthetized.165 Obesity itself does not increase aspiration
risk. However, acid aspiration prophylaxis including H2–
receptor agonists or proton pump inhibitors must be considered in patients having identifiable aspiration risks. Rapid
sequence induction or awake fiberoptic intubation may
also be considered in such patients.40
Based on experience from obstetric practice, there is a
body of evidence to show that regional anesthesia, especially epidural and spinal, are safe and feasible in patients
with large body habitus.120 However, regional anesthesia
is technically more difficult due to the physical challenge of
placing the catheters and the tendency of these catheters
to migrate out of the epidural space. Special equipment,
including longer needles or special ultrasound probes, may
be needed for the correct placement of catheters in these
patients. Care should be exercised in dosing these catheters because of the increased cephalad spread of the drug
and the block due to the smaller epidural space compared
to normal-weight patients.166,167 The degree of respiratory compromise suffered by obese patients will also be of a
larger magnitude than normal-weight patients with a high
regional block.
There is little evidence to suggest that epidural pain
management improves overall outcomes. Since the trend
of laparoscopic surgery is increasing compared to open
laparotomies, this becomes less of an issue. In the morbidly obese patient who is having an open laparotomy,
use of a thoracic epidural catheter to control pain has the
most important benefit of reducing the attenuation of vital
capacity postoperatively.168
Obesity per se does not require invasive monitoring, so
GBP surgery can be performed safely with routine monitoring. The indications for invasive monitoring stem from the
comorbidities present in these patients. Since these tend to
run together in the patients needing surgery, the incidence of
invasive monitoring in these patients thereby increases.169
Morbidly obese patients having serious comorbidities such
as obesity-hypoventilation syndrome, who present with
pulmonary hypertension and cor pulmonale, may require
a pulmonary artery catheter or intraoperative evaluation
utilizing transesophageal echocardiography. The rationale for central venous access may stem from difficulties in
peripheral access rather than any other indication. Many
patients receive an inferior vena cava filter prophylactically
due to the high risk of deep vein thrombosis and pulmonary
embolism associated with obesity and bariatric surgery.170
It is recommended that a central line inserted at the time
of surgery should be placed under ultrasound guidance to
decrease complications as well as to increase ease of placement. Similarly, difficulty in noninvasive blood pressure
measurements, secondary to body habitus–related difficulty in appropriate cuff placement, may be an indication
for arterial catheter placement. Obtaining arterial blood
gases may help to guide intraoperative ventilation and
extubation.
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Postoperative pain management in weight loss surgery
patients can involve intravenous analgesia employing
patient-controlled analgesia (PCA) or thoracic epidural
analgesia. There is no clear data proving the superiority of
one technique over the other; therefore in many instances,
surgical technique, open versus laparoscopic, may help
guide that decision. In our practice, we tend to reserve epidural anesthesia for patients undergoing open GBP. Even
with these drawbacks, we have approximately an 80% success rate with superobese patients. It may be prudent to test
the effectiveness of the epidural prior to induction of anesthesia. An opioid-based PCA with local anesthetic wound
infiltration and adjunct non-narcotics is a reasonable
alternative approach for most patients. Injection of local
anesthetic in the incision site prior to making the incision
may result in preemptive analgesia. Adjunct analgesia with
non-narcotic medications such as oral and intravenous
acetaminophen, NSAIDs, low dose ketamine, and dexmedetomidine, will decrease opioid requirements and thereby
opioid-induced side effects as well.
Intraoperatively, utilizing the appropriate operating
room table for the patient’s weight is critical since the
consequences of having a table not rated to the patient’s
weight can have serious consequences for both patient
and the operating room personnel. It may be useful to keep
the patient strapped throughout the period of sedation and
sleep. Along with a safety strap, it might also be useful to
apply a bean bag under the patient to keep the patient from
sliding off the operating room table. Thermal management
in the operating room is best accomplished by forced-air
warmers. Arm boards may need extra padding to keep the
patient from having the arm and shoulder out of an anatomical position. If the arms are to be tucked by the side of
the patient, then wide, well padded sleds may be useful.
Fluid requirements for the obese patient are larger than
predicted for those of normal BMI and even during a relatively short, 2- to 3-hour case these patients may need 3
to 4 L of crystalloid fluid to prevent acute tubular necrosis (ATN) in the kidneys. Hypovolemia, which can cause
a protracted prerenal state and contribute to the development of ATN, can be prevented by appropriate hydration.
Retrospective data from the University of Pittsburgh Medical Center suggests that primary acute renal failure after
weight loss surgery occurs in approximately 2% of patients.
Other predisposing factors include BMI greater than 50 kg/
m2, prolonged surgical time, prior history of renal disease,
and intraoperative hypotension.171!

POSTOPERATIVE MANAGEMENT
In our practice, we prefer to have the postbariatric surgery
patients stay at the same location consistently. This allows
skilled nursing and ancillary care to be provided to patients
on a consistent basis. These patients are kept on their CPAP
or bilevel positive airway pressure machines as much as
possible with monitoring of end-tidal carbon dioxide and
SpO2 by pulse oximetry recommended. Monitoring capnometry in the postoperative period is critical for assessing
a morbidly obese patient’s respiratory function since the
administration of supplemental oxygen may delay the diagnosis of hypoventilation. At the Hospital of the University of
Pennsylvania, patients identified as having difficult airways
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are distinguished with armbands, and with visible signs on
their beds, their hospital charts, and on the electronic medical records for the remainder of their hospital stay. Additionally, a note by the attending anesthesiologist explaining
the difficulty in intubation as well as the means utilized to
secure the airway in the operating room is available in the
room. In case of an unexpected emergency intubation,
for whatever reason, we feel that this extra information is
extremely useful to the resuscitation team.
Postoperative nausea and vomiting (PONV) is a common reason for delayed discharge from the postanesthesia
care unit (PACU). Intraabdominal surgery is a known risk
factor for PONV.172 Patients undergoing bariatric surgery
have significant manipulation of their stomach, which may
increase their risk of PONV. It is recommended to include
a multimodal approach to PONV prophylaxis, including
ondansetron, dexamethasone, and placement of a scopolamine patch when not contraindicated in order to minimize
patient dissatisfaction and serious complications such as
aspiration or wound and anastomotic dehiscence.
Enhanced recovery after surgery (ERAS) protocols are
being used widely in surgical patients to decrease morbidity
and decrease in-hospital stay. One study looking at patients
undergoing an SG demonstrated a median hospital stay of
1 day in the ERAS group compared to 2 days in the control group, without any difference in postoperative complications or readmissions.173 The ERAS protocol included
standardized preoperative patient education, shortened
preoperative fasting, multimodal analgesia and antiemetic
therapy, avoidance of fluid overload, early ambulation and
feeding, and incentive spirometry.!

MANAGEMENT OF COMPLICATIONS
Bariatric surgery is considered to be very safe, but not without potential complications, which are increasingly predictable.174 In-hospital mortality rates for patients undergoing
laparoscopic and open bariatric surgery are 0.17% and
0.79%, respectively.175 Mortality is associated with a need
for reoperation during the same hospitalization,176 with
intestinal leakage being a serious complication accounting
for a large number of patient deaths.177 Risk factors also
include older age, excessive obesity, poor functional status,
and comorbid conditions of congestive heart failure or renal
failure.
Morbidity occurring during the immediate postoperative
in-hospital period typically falls into one of four categories;
wound, gastrointestinal, pulmonary, and cardiovascular
complications. The complication rates are significantly
lower in each category for patients undergoing laparoscopic rather than open procedures. The American College
of Surgeons National Surgical Quality Improvement Program database showed that patients who had an open GBP
compared with a laparoscopic GBP had a morbidity rate of
7.4% versus 3.4%, return visits to the operating room rate
of 4.9% versus 3.6%, and median postoperative length of
stay of 3 versus 2 days, respectively. Box 58.3 provides a
categorical listing of complications of bariatric surgery.
The most common complications requiring reoperation
include postoperative intraabdominal bleeding, anastomotic leakage, suture line dehiscence, small bowel obstruction, and deep wound infection,177-182 all of which may
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BOX 58.3 Complications of Bariatric Surgery
Early

Late

Bleeding
Infection
Dehydration
Peritonitis
Leak from anastomotic site
Bowel obstruction
Perforation
Pneumonia
DVT/PE
Death
Anorexia
Cholelithiasis/cholecystitis
Pouch dilation or stricture
Gastroesophageal reflux disease/dysphagia
Herniation at surgical site
Small bowel obstruction
Marginal ulcers
Pancreatitis
Nutritional issues
Fat-soluble vitamin deficiencies, especially vitamin B12

require a general anesthetic for laparotomy. Despite deep
vein thrombosis prophylaxis therapy in the perioperative period, patients can also present postoperatively with
deep vein thrombosis or pulmonary embolism and require
an anesthetic for placement of an inferior vena cava filter
device. As mentioned earlier, prophylactic filters are often
placed prior to bariatric surgery.170 The risk of venous
thromboembolism is higher in open bariatric procedures,
men, and patients with preexisting lower extremity edema
and pulmonary hypertension.183
In all cases requiring reoperation shortly after the original bariatric procedure it is prudent to review the anesthesia
record. Specific attention should be paid to the documentation of patient position and technique employed for airway
management in the prior anesthetic. Patients may be hypovolemic from blood loss, inadequate hydration, vasodilatation, and insensible fluid losses associated with fever and
infection. It is especially important to consider additional or
new risks of aspiration of gastric contents. This may be due
to the presence of a postoperative ileus, small bowel obstruction, and surgical creation of a Roux-en-Y GBP limb that
excludes the pylorus as an element of protection from reflux
of intestinal contents. Decompression of the gastric pouch in
patients going for surgery to relieve a small bowel obstruction can be achieved with careful introduction of a nasogastric or orogastric tube just prior to induction of general
anesthesia. Although this may increase the risk of violating
a fresh, competent anastomotic suture line, communication
between anesthesiologist and surgeon can be pursued to
determine the risks and benefits of performing this maneuver. During the ensuing laparotomy, any perforation of a
fresh suture line resulting from the attempt to decompress
the gastrointestinal tract can be repaired immediately and
the nasogastric or orogastric tube can subsequently be left
in place for continued postoperative drainage.
Depending on the extent of reoperation, requirement
for volume resuscitation, blood transfusion, degree of peritonitis with anastomotic leak, presence of sepsis, or other
significant continued risks to health, patients undergoing

reoperation may require prolonged postoperative ventilation. Requirements for postoperative pain management
may also be considerably different than those associated
with the initial bariatric procedure. In patients who are
sufficiently hemodynamically stable immediately prior to
reoperation, an epidural catheter can be placed prior to
induction for pain management as part of the postoperative
care. This is especially valuable in obese patients undergoing laparotomy, as is described elsewhere in this chapter.
There are also a number of potential major complications requiring surgical intervention weeks, months, or
even years after a bariatric surgical operation has been
performed. Patients may develop anastomotic strictures or
ulcers, ventral hernias, gastrogastric fistulae, and severe
reflux disorders requiring additional surgery.92 Small
bowel obstruction may appear weeks after surgery.181
Patients may desire cosmetic operations to remove excess
skin or liposuction procedures to sculpt dysmorphic body
areas following significant weight loss. Patients may
also require adjustment of a gastric band or pursue band
removal. The anesthetic considerations for such patients
should include a review of the prior anesthetic record to
glean information regarding airway and pain management. The degree of weight loss achieved and the resolution of comorbidities including diabetes, hypertension,
and OSA may significantly alter the approach used in the
bariatric operation.
A fraction of patients develop significant neurologic
complications following GBP surgery.184-186 These are
known to include polyneuropathy, polyradiculoneuropathy, myelopathy, encephalopathy, and optic neuropathy.
Myelopathy occurs most frequently but does not present
until about 10 years after surgery.184 These patients have
demonstrable nutritional deficiencies, but except for the
vitamin B12 and copper deficiencies found in patients with
myelopathy, no specific nutritional profile has been found
to correlate with neurological complications. Although
neurologic symptoms accompanying weight loss surgery
are not likely to result in additional surgery, they represent
new or additional comorbidities that should be fully considered by the anesthesiologist caring for patients having previously undergone bariatric surgery.
The nutritional and metabolic complications of bariatric
surgery also include protein and protein-calorie malnutrition. Patients may have excessive weight loss occurring either
too rapidly or beyond the predetermined goals, steatorrhea
or severe diarrhea, hypoalbuminemia, marasmus, edema,
and hyperphagia.92,187-189 In cases of severe malnutrition,
patients may require enteral or parenteral nutrition therapy.
Surgical revision may be required to correct excessive weight
loss and hypoalbuminemia. Under such circumstances, an
anesthetic regimen accounting for decreased drug binding
effects of a low serum albumin must be considered.!

Considerations for Management
of the Obese Patient Presenting
for Nonbariatric Surgery
Few studies have evaluated the importance of morbidity when performing common nonbariatric surgical
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procedures on the obese patient. A study by Dindo and
coworkers190 of 6336 patients did not find any difference in
the incidence or severity of complications after elective general surgery, except surgical site infections. Other studies
have assessed the effect of obesity on wound infections and
have shown that they are increased.191-192 Multiple studies have demonstrated that obese patients are at higher risk
after gynecological, orthopedic, cardiovascular, urological,
and transplantation surgery, while other studies have not
shown there to be obesity-related risk differences.193-194
From the data of Dindo and associates190 regarding complications and the type of surgical procedure, operative
severity and open surgery were independent risk factors for
postoperative complications. They found no differences in
the type of postoperative complications in obese and nonobese groups. This study provides data to decrease the prejudice that patients with obesity are implied to have a higher
incidence of postoperative complications. This preconception may pertain more to the perception of the medical team
as a result of technical difficulties on the anesthetic and
surgical end. Surgeries may last longer, about 25% more
time for laparoscopic than for open cholecystectomy in the
morbidly obese. Significantly, the wound infection rate was
much better after laparoscopic than after open surgery,
which supports the practice of performing laparoscopic surgery in obese patients rather than the alternative.
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