C H A PT E R

44

Anesthesia and Obesity
BRENDA A. BUCKLIN • ANA FERNANDEZ-BUSTAMANTE

DEFINITION AND EPIDEMIOLOGY
Introduction
Management of Obesity
PATHOPHYSIOLOGY
Respiratory System
Cardiovascular and Hematologic Systems
Gastrointestinal System
Renal and Endocrine Systems
PHARMACOLOGY
Pharmacologic Principles
Specific Drugs
PREOPERATIVE EVALUATION
Airway
Cardiopulmonary Systems
Metabolic Issues
Hematologic Issues

INTRAOPERATIVE CONSIDERATIONS
Equipment and Monitoring
Airway Management
Induction and Maintenance
Fluid Management
Mechanical Ventilation
Emergence
Monitored Anesthesia Care and Sedation
Regional Anesthesia
POSTOPERATIVE CONSIDERATIONS
Ventilation Evaluation and Management
Analgesia
Monitoring
CRITICAL CARE AND RESUSCITATION
MORBIDITY AND MORTALITY

Ke y Points
1 Neck circumference is the single best predictor of problematic
intubation in morbidly obese patients. A larger neck circum
ference is associated with male sex, higher Mallampati score,
grade 3 laryngoscopic views, and obstructive sleep apnea.
2 Because obese patients often have limited exercise tolerance they
may appear asymptomatic even though they have signiicant
cardiovascular disease.
3 Obstructive sleep apnea is common in obese patients and
predisposes to airway management dificulties during anesthesia.
4 Elevated liver function tests (mostly elevated alanine ami
notransferase) are seen in many obese patients, but no clear
correlation exists between abnormalities of routine liver func
tion tests and the capacity of the liver to metabolize drugs.
5 Forearm blood pressure is a fairly good predictor of upper arm
blood pressure in most patients, but in obese patients, forearm
measurements with a standard cuff may overestimate both
systolic and diastolic blood pressures.
6 The headelevated laryngoscopy position elevates the obese
patient’s head, upper body, and shoulders above the chest and can
improve visualization for laryngoscopy and tracheal intubation.
7 Larger doses of induction agents may be required by obese
patients because blood volume, muscle mass, and cardiac out
put increase linearly with the degree of obesity. An increased
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dose of succinylcholine is necessary because of an increase in
pseudocholinesterase activity.
Positive endexpiratory pressure is the only ventilatory param
eter that has consistently been shown to improve respiratory
function in obese patients but it decreases venous return, car
diac output, and subsequent oxygen delivery.
Prompt but safe extubation reduces the likelihood that the
morbidly obese patient will become ventilatordependent,
especially in patients with cardiopulmonary disease.
Morbid obesity is a major independent risk factor for deep
venous thrombosis and sudden death from acute postoperative
pulmonary embolism. Early mobilization of the morbidly
obese patient is often dificult but critically important in the
prevention of postoperative complications.
Because of the risk of perioperative hypoxemia and apnea in obese
patients, postoperative pain management should include opioid
sparing multimodal analgesic techniques. Regional anesthetic
techniques reduce the risk of opioidrelated complications.
Obese patients who have received either neuraxial or parenteral
opioids require careful postoperative monitoring. Delayed
respiratory depression with centrally administered neuraxial
opioids, when coupled with a potentially dificult airway in the
obese patient, suggests that close monitoring is prudent.

Mult imedia
1 Sequelae of Obesity
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Introduction
The World Health Organization deines obesity as a condition
with excess body fat to the extent that health and wellbeing
are adversely affected.1 Obesity is reaching epidemic propor
tions worldwide. For the irst time in history, recent estimates
suggest that the number of obese individuals now exceeds the
number of underweight individuals. About onethird of Ameri
cans (33.8%) are currently obese.2 The prevalence of obesity in
the United States is unevenly distributed geographically, by race
and ethnicity and by socioeconomic status. The overall trend is,
however, to keep increasing. The prevalence of obesity is pre
dicted to reach about 50% by 2030.3 The Centers for Disease
Control and Prevention (CDC) monitor the epidemiology of
obesity and publish periodically updated data at http://www.
cdc.gov/obesity/.
Obesityrelated conditions including cardiovascular acci
dents, insulin and noninsulindependent diabetes, and some
types of cancer are the leading causes of death in this population.4
Although there has been an exponential increase in the number
of bariatric procedures performed, obese and morbidly obese
patients undergo all types of surgical procedures. Surgery in this
patient population is considered highrisk but careful planning,
preoperative risk assessment, proper anesthetic management,
strict venothrombotic event prevention, and effective postopera
tive pain control will all help to reduce the risk. With appropriate
perioperative management, obese surgical patients can achieve
safe and effective surgical outcomes.
The deinition of obesity includes the presence of excessive
body weight for the patient’s age, gender, and height, and is often
based on the following concepts. Ideal body weight (IBW) is a
concept originated by life insurance companies by referencing
height–weight tables. It is the weight associated with the lowest
mortality rate for a given height and gender and can be estimated
using Broca’s index:
IBW (kg) = height (cm) – x,
where x is 100 for adult males and 105 for adult females.

Predicted body weight (PBW) is a concept similar to IBW, and
is more commonly used in the medical literature. PBW is usually
calculated with the following formulas in adults5:
Males: PBW (kg) = 50 + 0.91 × (height (cm) – 152.4)
Females: PBW (kg) = 45.5 + 0.91 × (height (cm) – 152.4)
Lean body weight (LBW) is the total body weight (TBW) minus
the adipose tissue. It is a combination of body cell mass, extracel
lular water, and nonfat connective tissue. It approximates 80%
and 75% of TBW for males and females, respectively, although
more accurate formulas have been proposed.6,7 In morbidly obese
patients, increasing the IBW by 20% to 30% gives an estimate of
LBW. In nonobese and nonmuscular individuals, TBW approxi
mates IBW.8
In clinical practice it is common to utilize the Body mass index
(BMI), also called Quetelet’s index, to estimate the degree of obe
sity. The BMI is determined using the patient’s measured weight
(in kilograms) and height (in meters) and is calculated as follows:
BMI = weight/(height)2
Obesity is deined as having a BMI ≥30 kg/m2. Obesity is further
classiied according to systemic disease risk (Table 441). Morbid
obesity, deined as a BMI ≥40 kg/m2, can also be further classiied
into super obesity (BMI ≥50 kg/m2) and supersuper obesity (BMI
≥60 kg/m2).9 BMI differentiates obese from nonobese adults and it
estimates body fat because it adjusts for height while strongly cor
relating with body weight; however, it cannot distinguish between
overweight and overfat, as heavily muscled individuals can be eas
ily classiied as overweight using BMI. Therefore, other factors
such as age, fat content, and distribution (i.e., waist circumference
and waisttohip ratio) should be taken into consideration, along
with other health risk predictors that use the concept of BMI.10
The anatomic distribution of body fat has associated patho
physiologic implications.11,12 In android (central) obesity, adipose
tissue is located predominantly in the upper body (truncal dis
tribution) and is associated with increased oxygen consumption
and an increased incidence of cardiovascular disease. Visceral
fat is particularly associated with cardiovascular disease and left
ventricular dysfunction. In gynecoid (peripheral) obesity, adipose
tissue is located predominantly in the hips, buttocks, and thighs.

TABLE 44-1. ClassifiCation of oBESITY AND SYSTEMIC DISEASE RISK
ACCORDING TO WAIST CIRCUMFERENCE

BMI (kg/m2)

<18.5
18.5–24.9
25–29.9
30–34.9
35–39.9
≥40
≥50
≥60
BMI, body mass index.

Description

Underweight
Normal
Overweight
Obesity (class I)
Obesity (class II)
Morbid obesity (class III)
Super obesity
Supersuper obesity

Risk of Systemic Disease (Small vs. Large
Waist Circumference)
Male: <102 cm
Female: <88 cm

Male: ≥102 cm
Female: ≥88 cm

Average
Increased
High
Very high
Extremely high

Average
High
Very high
Very high
Extremely high

ANESTHESIA FOR SURGICAL
SUBSPECIALTIES

DEFINITION AND EPIDEMIOLOGY

1275

1276

SECTION VII Anesthesia for Surgical Subspecialties

This fat is less metabolically active so it is less closely associated
with cardiovascular disease. Body circumference indices such as
waist circumference, waisttoheight ratio, and waisttohip ratio
help to classify these patterns of obesity (e.g., android vs. gynecoid
obesity) and correlate with mortality and the risk for develop
ing obesityrelated diseases. Waist circumference correlates with
abdominal fat and is an independent risk predictor of disease.

Management of Obesity
Medical Therapy

include RouxenY gastric bypass (RYGB), which combines gas
tric restriction with a minimal degree of malabsorption. RYGB,
adjustable gastric banding, and verticalbanded gastroplasty can
all be performed laparoscopically. Laparoscopic bariatric surgery
is associated with less postoperative pain, lower morbidity, faster
recovery, and less “thirdspacing” of luid.23 RYGB is the most
effective bariatric procedure to produce safe short and long
term weight loss in severely obese patients. With RYGB, patients
lose an average of 50% to 60% excess body weight and show a
BMI decrease of approximately 10 kg/m2 during the irst 12 to
24 postoperative months. Type II diabetes resolves in a majority
of patients. Laparoscopic adjustable gastric banding (LAGB) is a
restrictive gastric operation that utilizes an adjustable inlatable
band to alter stomach capacity for individual weight loss needs.
Verticalbanded or sleeve gastroplasty also restricts food intake.
Less invasive bariatric techniques are being developed. An
implantable gastric stimulator (IGS) is placed laparoscopically
and emits electrical impulses to stimulate the gastric smooth
muscle to stop peristalsis so that the patient feels full. The IGS can
be adversely affected by deibrillation, electrocautery, lithotripsy,
magnetic resonance imaging, and therapeutic radiation. Intragas
tric balloons and prostheses, at different experimental stages, are
placed endoscopically as a temporary measure to increase sati
ety.24 Adequate control of postoperative nausea and vomiting is
critical to avoid possible lead and balloon dislodgement. Although
apparently simple and safe as bariatric procedures, their eficacy
for weight loss is still questioned.22,25

The indications for pharmacologic treatment include a BMI
≥30 kg/m2 or a BMI between 27 and 29.9 kg/m2 in conjunction
with an obesityrelated medical complication. Lifestyle counseling
is still the most effective tool for longterm weight loss, but it can
be combined with the use of medications.13,14 Medications used
to treat obesity are formulated to reduce energy intake, increase
energy utilization, or decrease absorption of nutrients. The only
currently FDAapproved antiobesity medications are phenter
mine and orlistat.15 Phentermine (AdipexP) is a sympathomi
metic drug that decreases appetite. Although it is only approved
for 3 months use, it can induce tachycardia, palpitations, hyper
tension, as well as dependence, abuse, and withdrawal symp
toms. It is no longer combined with fenluramine (PhenFen)
due to concerns of pulmonary hypertension and valvular heart
disease,16 but is being explored in combination with topiramate
(Topamax).17 This combination often causes dry mouth, pares
thesias, constipation, insomnia, and dizziness. Orlistat (OTC Alli,
PATHOPHYSIOLOGY
prescribed Xenical) or tetrahydrolipstatin, blocks the absorption
of dietary fat by inhibiting lipases in the gastrointestinal tract. It
leads to weight loss and to improvement of blood pressure, fasting
Obesity can have an adverse effect on multiple organ systems.
blood glucose levels, and lipid proile.18 Fat malabsorption causes
1 Table 442 provides a list of the most relevant organ systems with
common complaints of oily spotting, liquid stools, fecal urgency,
implications for clinical management. These systems will be dis
latulence, and abdominal cramping. Chronic use of orlistat may
cussed separately in this section.
result in fatsoluble vitamin deiciency. A prolonged prothrombin
time with a normal partial thromboplastin time during orlistat
treatment may relect vitamin K deiciency and this coagulopathy
Respiratory System
should be corrected 6 to 24 hours before elective surgery.19
A variety of over the counter preparations, plant extracts, or
Fat accumulation on the thorax and abdomen decreases chest
herbs are often used by patients to combat obesity. Substances
wall and lung compliance. Decreased lung compliance is partially
found in these preparations that are allegedly thought to pro
explained by increased pulmonary blood volume related to an
mote fat loss include pancreatic lipase inhibitors (caffeine, green
overall increase in blood volume. Increased elastic resistance and
or black tea), appetite suppressants (hoodia, Korean ginseng,
decreased compliance of the chest wall are further reduced while
ephedra, sunlower oil), stimulants of energy expenditure (acai
supine, leading to shallow and rapid breathing, an increased work of
berry, caffeine), and regulators of lipid metabolism (soybean, ish
breathing, and limited maximum ventilatory capacity. Respiratory
oil, oolong tea, caffeine).20 The American Society of Anesthesi
muscle eficiency is below normal in obese individuals. Decreased
ologists (ASA) warns patients to tell their anesthesiologists about
pulmonary compliance leads to decreased functional residual
medications they are taking, including vitamins, herbs and other
capacity (FRC), vital capacity, and total lung capacity. Reduction
supplements, since these products may interfere with anesthesia
in FRC is primarily a result of reduced expiratory reserve volume
or cause complications during surgery.21
(ERV), but the relationship between FRC and closing capacity, the
volume at which small airways begin to close, is adversely affected
(Fig. 441). Decreases in FRC and ERV are the most commonly
Surgical Therapy (Bariatric Surgery)
reported abnormalities of pulmonary function in obese patients.26,27
Residual volume and closing capacity are unchanged. Reduced FRC
Bariatric surgery is currently the most effective treatment for
(due to decreased ERV) can result in lung volumes below closing
morbid (class III) obesity. Several guidelines exist for determining
capacity in the course of normal tidal ventilation, leading to small
patient eligibility for bariatric surgery. Most agree that acceptable
airway closure, ventilation–perfusion mismatch, righttoleft shunt
patients for surgery are those with a BMI >40 kg/m2 or BMI >35
ing, and arterial hypoxemia. Anesthesia and supine positioning
kg/m2 and/or those patients with obesityrelated comorbidities
worsen this situation such that up to a 50% reduction in FRC occurs
not controlled with medical therapy.22 Procedures are grouped
in the obese anesthetized patient compared with 20% in the non
into three classiications. Malabsorptive procedures include jeju
obese individual. Forced expiratory volume in 1 second and forced
noileal bypass and biliopancreatic diversion, and are rarely used
vital capacity are usually within normal limits. ERV is the most sen
nowadays. Restrictive procedures include verticalbanded gas
sitive indicator of the effect of obesity on pulmonary function.
troplasty and adjustable gastric banding. Combined procedures
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TABLE 44-2. anesthetiC iMPLICATIONS OF OBESITY
System

Key Concerns

Respiratory

•
•
•
•
•
•

Cardiovascular

• Increased blood volume, cardiac output, left ventricular thickness
• Increased proinlammatory and prothrombotic mediators
• Higher perioperative complications related to hypertension, thromboembolic events and left ventricular
diastolic dysfunction

Gastrointestinal

•
•
•
•

Endocrine/
metabolic

• High prevalence of hyperglycemia, insulin resistance and diabetes
• Close perioperative glucose monitoring
• Metabolic syndrome (combination of central obesity, hypertension, dyslipidemia and impaired glucose
metabolism) is frequent and doubles cardiovascular risk

Genitourinary

• Increased risk of renal disease
• Higher incidence of preeclampsia and eclampsia

Neurologic

• Careful positioning with extra padding needed

Hematology

• Increased hypercoagulability and risk of perioperative thromboembolic events
• Preoperative polycythemia suggests prolonged sleep apnea

Increased risk of perioperative hypoxemia
Careful monitoring needed
Use supplemental oxygen
Use CPAP (if/when indicated)
Use nonsupine positioning (if possible)
Exercise extreme caution when administering respiratory depressants

Musculoskeletal

• Increased prevalence of osteoarthritis

Psychology/
psychiatry

• Depression, reduced selfesteem, social stigma

fIgURE 44-1. Effects of obesity,
positioning, and anesthesia on lung
volumes. FRC, functional residual
capacity; CC, closing capacity; CV,
closing volume; RV, residual volume.
(From: Ranasinghe JS, Penning DH.
Morbid Obesity. In: Suresh MS,
Segal S, Preston RL, et al, eds. Shnider and Levinson’s Anesthesia for Obstetrics. 5th Edition. Philadelphia: WK
Health/Lippincott Williams & Wilkins,
2013:582.)

Effect of position on lung volumes

FRC
CC

Nonobese

Obese
upright

Obese
supine

Obese
Trendelenburg

ANESTHESIA FOR SURGICAL
SUBSPECIALTIES

Risk of regurgitation
Higher gastric volume and lower pH increases risk of severe pneumonitis should aspiration occur
Current fasting preoperative guidelines (6 h for solids, 2 h for clear liquids) are acceptable
Preoperative assessment of liver function is recommended
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Obesity increases oxygen consumption and carbon dioxide
production even at rest. This is because of the metabolic activ
ity of excess fat and the increased workload on supportive tis
sues. The body attempts to meet these metabolic demands by
increasing both cardiac output and alveolar ventilation. Basal
metabolic activity is usually within normal limits in relationship
to body surface area and normocapnia is usually maintained by
an increase in minute ventilation. This requires increased oxygen
consumption because most obese patients retain their normal
response to hypoxemia and hypercapnia. Arterial oxygen tension
in morbidly obese patients’ breathing room air is lower than that
predicted for similarly aged nonobese subjects in both sitting and
supine positions. Chronic hypoxemia may lead to polycythemia,
pulmonary hypertension and cor pulmonale.
Obese patients often suffer from OSA characterized by periodic,
2
partial, or complete obstruction of the upper airway during sleep.
In obese patients, OSA is more likely to result from airway obstruc
tion produced by excess soft tissue. However, centrally mediated
forms of sleep apnea can also occur. Physiologic abnormalities
resulting from OSA include hypoxemia, hypercapnia, pulmonary
hypertension, systemic vasoconstriction, and secondary polycythe
mia (from recurrent hypoxemia). These result in an increased risk
of ischemic heart disease and cerebrovascular disease. Right ven
tricular failure can occur from hypoxic pulmonary vasoconstric
tion. Respiratory acidosis is usually limited only to periods of sleep.
The “gold standard” diagnostic test for OSA is overnight poly
somnography (OPS). The inconvenience, time, and expense of
OPS lead to an unknown fraction of obese patients with suspicious
but no formal diagnosis of OSA.28 Suggestive signs to look for dur
ing the preoperative visit include witnessed episodes of apnea dur
ing sleep, BMI ≥35, neck circumference ≥16 in (≥40 cm), hyper
insulinemia, and elevated glycosylated hemoglobin. Symptoms of
snoring, frequent arousals during sleep and daytime sleepiness,
impaired concentration, memory problems, and morning head
aches are common but not predictive.29,30 A thorough preoperative
evaluation for possible OSA is recommended long enough before
elective surgery to allow preparation of a perioperative manage

fIgURE 44-2. Interrelationship of cardiovascular and pulmonary sequelae of obesity. OSA, obstructive sleep apnea; OHS,
obesity hypoventilation syndrome; LV, left
ventricular; RV, right ventricular.

ment plan.31 Preoperative initiation of continuous positive airway
pressure (CPAP), especially in severe OSA cases, should be consid
ered.31 Patients with conirmed or suspected OSA are at high risk
of presenting with a dificult airway and postoperative pulmonary
complications, and should be managed accordingly.32,33
The obesity hypoventilation syndrome (OHS) or Pickwickian syndrome may result from longterm OSA and is seen in 5% to 10% of
morbidly obese patients. The OHS is a combination of obesity and
chronic hypoventilation that ultimately results in pulmonary hyper
tension and cor pulmonale.34 The presence of both obesity (BMI
>30 kg/m2) and awake arterial hypercapnia (PaCO2 >45 mm Hg) in
the absence of known causes of hypoventilation supports the diag
nosis. Prolonged OSA also alters the control of breathing, leading
to CNSmediated apneic events. This increases reliance on hypoxic
drive for ventilation. The main ventilatory impairment of OHS is
alveolar hypoventilation independent of intrinsic lung disease.
Other characteristics of OHS include daytime hypersomnolence,
hypercapnia, hypoxemia, and polycythemia. Right ventricular fail
ure eventually ensues. These patients also have an increased sensitiv
ity to the respiratory depressant effects of general anesthetics.

Cardiovascular and Hematologic Systems
Total blood volume is increased in the obese individual; but on
a volumetoweight basis, it is less than in nonobese individuals
(50 mL/kg compared with 70 mL/kg). Most of this extra volume
is distributed in the adipose tissue. Renal and splanchnic blood
lows are increased. Cardiac output increases with increasing
weight by as much as 20 to 30 mL/kg of excess body fat because of
ventricular dilation and increases in stroke volume. The resulting
increased left ventricular wall stress leads to hypertrophy, reduced
compliance, and impairment of left ventricular illing (diastolic
dysfunction) with elevated left ventricular diastolic pressure, and
pulmonary edema.35 When left ventricular wall thickening fails
to keep pace with dilation, systolic dysfunction (“obesity cardio
myopathy”) and eventual biventricular failure results (Fig. 442).

OBESITY

Increased total
blood volume

OSA/OH S

H ypox ia

Increased pulmonary
blood volume

Increased cardiac
output

Pulmonary
hypertension

Increased LV
workload

Increased RV
workload

LV hypertrophy

Systemic
hypertension

RV hypertrophy

LV failure

Coronary artery/
ischemic heart
disease

RV failure
BIVENTRICULAR
FAILURE
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factor, and plasminogen activator inhibitor1 (PAI1). Increased
levels of ibrinogen, factor VII, factor VIII, and hypoibrinolysis
are associated with hypercoagulability. High factor VIII levels
are associated with increased cardiovascular mortality. Increased
fasting triglyceride levels correlate with increased factor VII con
centrations, and postprandial lipemia causes activation of factor
VII. Endothelial dysfunction induced by insulin increases von
Willebrand factor and factor VIII levels, predisposing to ibrin
formation. Increased secretion of PAI1 inhibits the ibrinolytic
system and is associated with visceral obesity.42

Gastrointestinal System
Gastric volume and acidity are increased, hepatic function is
altered, and drug metabolism is adversely affected by obesity.
Many fasting morbidly obese patients who present for elective
surgery have gastric volumes in excess of 25 mL and gastric luid
pH <2.5 (the generally accepted volume and pH indicative of high
risk for pneumonitis should regurgitation and aspiration occur).
Delayed gastric emptying occurs because of increased abdominal
mass that causes antral distension, gastrin release, and a decrease
in pH with parietal cell secretion.43,44 Abdominal obesity increases
intragastric pressure, increasing the frequency of transient lower
esophageal sphincter relaxation, and/or hiatal hernia forma
tion. An increase of >3.5 kg/m2 in BMI is associated with a 2.7
fold increase in risk for developing new relux symptoms.43 An
increased incidence of hiatal hernia and gastroesophageal relux
further increase aspiration risk.
Gastric emptying is faster with highenergy content intake
such as fat emulsions, but because of larger gastric volume (up
to 75% larger), the residual volume is increased. The combina
tion of hiatal hernia, gastroesophageal relux, and delayed gastric
emptying, coupled with increased intraabdominal pressure and
high volume/low pH gastric content, puts the obese patient at risk
for an increased incidence of severe pneumonitis should aspira
tion occur. Unpremedicated, nondiabetic fasting obese surgical
patients who are free from signiicant gastroesophageal pathology
are unlikely to have high volume, low pH gastric contents after
routine preoperative fasting.45 They should follow the same fast
ing guidelines as nonobese patients and be allowed to drink clear
liquids up until 2 hours before elective surgery.46 Weight loss sig
niicantly improves gastroesophageal relux symptoms.47
Peculiar morphologic and biochemical abnormalities of the
liver are associated with obesity and include fatty iniltration
(high prevalence of nonalcoholic fatty liver disease or NAFLD),
inlammation (nonalcoholic steatohepatitis or NASH), focal
necrosis, and cirrhosis. Fatty iniltration relects the duration
rather than the degree of obesity. Histologic and liver function
test abnormalities are relatively common, but clearance usually
is not reduced. Abnormal liver function tests are seen in up to
onethird of obese patients who have no evidence of concomitant
liver disease. The most common abnormality is an increased ALT.
Despite these histologic and enzymatic changes, no clear correla
tion exists between liver function abnormalities and the capacity
of the liver to metabolize drugs.48 Morbidly obese patients who
have undergone intestinal bypass surgery have a particularly
high prevalence of hepatic dysfunction and cholelithiasis. This is
also common in the general obese population due to abnormal
cholesterol metabolism. The high prevalence of NAFLD, NASH,
and cirrhosis necessitates careful assessment for preexisting liver
disease in obese patients scheduled for surgery. Features sugges
tive of NASH include hepatomegaly, elevated liver enzymes, and
abnormal liver histology (steatosis, steatohepatitis, ibrosis, and
cirrhosis).40
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Obesity accelerates atherosclerosis. Symptoms such as angina or
exertional dyspnea occur only occasionally because morbidly
obese patients often have very limited mobility and may appear
asymptomatic even when they have signiicant cardiovascular
disease.
Blood low to fat is 2 to 3 mL/100 g of tissue. An excess of
fat requires an increase in cardiac output, to parallel an increase
in oxygen consumption. This leads to a systemic arteriovenous
oxygen difference that remains normal or slightly above nor
mal. Intraoperative ventricular failure may occur from rapid
intravenous luid administration (indicating left ventricular
diastolic dysfunction), the negative inotropism of anesthetic
agents, or pulmonary hypertension precipitated by hypoxia or
hypercapnia. Cardiac dysrhythmias may be precipitated by fatty
iniltration of the conduction system, hypoxia, hypercapnia,
electrolyte imbalance, coronary artery disease, increased circu
lating catecholamines, OSA, and myocardial hypertrophy. Fre
quent ECG indings seen in morbidly obese patients include low
QRS voltage, multiple criteria for left ventricular hypertrophy
(LVH) and left atrial enlargement, and Twave lattening in the
inferior and lateral leads.36 In addition, there is a leftward shift
of the Pwave, QRS complex, and Twave axes, lengthening of
the corrected QT interval, and prolongation of the QT inter
val. Substantial weight reduction reverses many of these ECG
abnormalities.37
Cardiac output rises faster in response to exercise in the mor
bidly obese and is often associated with a rise in left ventricular
enddiastolic pressure and pulmonary capillary wedge pressure.
Similar changes occur during the perioperative period, which
should prompt a low threshold for performing detailed cardiac
investigations. Many obese patients have mildtomoderate
hypertension, with a 3 to 4 mm Hg increase in systolic and a
2 mm Hg increase in diastolic arterial pressure for every 10 kg
of weight gained. Normotensive obese patients have reduced sys
temic vascular resistance, which rises with the onset of hyperten
sion. Their expanded blood volume causes an increased cardiac
output with a lower calculated systemic vascular resistance for the
same level of arterial blood pressure. The renin–angiotensin sys
tem plays a major role in the hypertension of obesity by increased
circulating levels of angiotensinogen, aldosterone, and angioten
sinconverting enzyme. As little as 5% reduction in body weight
leads to a signiicant reduction in renin–angiotensin activity in
both plasma and adipose tissue, contributing to a reduction in
blood pressure.38
Obese patients have a normaltoincreased level of sym
pathetic nervous system activity, which predisposes to insulin
resistance, dyslipidemia, and hypertension.35,39 These obesity
induced comorbidities are responsible for the increased cardio
vascular risk in obese patients.40,41 Insulin resistance enhances
the pressor activity of norepinephrine and angiotensin II. Hyper
insulinemia further activates the sympathetic nervous system,
causing sodium retention and contributes to obesityinduced
hypertension. Hypertension causes concentric hypertrophy of
the ventricle in normalweight individuals but causes eccentric
dilation in obese individuals. It is associated with increased pre
load and stroke work. The combination of obesity and hyper
tension causes left ventricular wall thickening and a larger heart
volume; therefore, there is increased likelihood of cardiac failure
(Fig. 443).
Obese individuals are also prone to cardiovascular disease
because adipose tissue releases a large number of bioactive medi
ators. These can result in abnormal lipids, insulin resistance,
inlammation, and coagulopathies.40,41 Obese individuals have
higher levels of ibrinogen (a marker for the inlammatory pro
cess of atherosclerosis), factor VII, factor VIII, von Willebrand
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fIgURE 44-3. Adaptation of the heart to obesity and hypertension. (Reprinted from: Messerli
FH. Cardiovascular effects of obesity and hypertension. Lancet. 1982;1:1165, with permission.)

Lean normotensive

Preload

Afterload

Obese normotensive

Lean hypertensive

Dilatation

Hypertrophy

Obese hypertensive

Dilatation and hypertrophy
Congestive heart failure

Renal and Endocrine Systems
Impaired glucose tolerance in the morbidly obese is relected
by a high prevalence of type II diabetes mellitus as a result of
resistance of peripheral adipose tissue to insulin.35 Many obese
patients have an abnormal glucose tolerance test, and the relative
risk of developing diabetes increases by 25% for every 1 kg/m2
increase in BMI above 22 kg/m2.35 Hyperglycemia, insulin resis
tance, and diabetes predispose obese patients to wound infec
tions and an increased risk of myocardial infarction. Exogenous
insulin may be required perioperatively even in obese patients
with type II diabetes mellitus to oppose the catabolic response to
surgery. In addition to these concerns, subclinical hypothyroid
ism occurs in about 25% of all morbidly obese patients. Thyroid
stimulating hormone levels are frequently elevated, suggesting
the possibility that obesity leads to a state of thyroid hormone
resistance in peripheral tissues. Hypothyroidism may be associ
ated with hypoglycemia, hyponatremia, and impaired hepatic
drug metabolism.
Obesity is associated with glomerular hyperfiltration as
evidenced by increased renal blood flow and an increased glo
merular filtration rate. Excessive weight gain increases renal
tubular reabsorption and impairs natriuresis through acti
vation of the sympathetic and renin–angiotensin systems as

well as physical compression of the kidney. With prolonged
obesity, there may be a loss of nephron function, with fur
ther impairment of natriuresis and further increases in arterial
pressure. Obesityrelated glomerular hyperfiltration decreases
after weight loss, which decreases the incidence of overt glo
merulopathy.49

Metabolic Syndrome
The metabolic syndrome, sometimes referred to as syndrome
X and insulin resistance syndrome, is a cluster of metabolic
abnormalities associated with an increased risk of diabetes and
cardiovascular events. Individuals with this syndrome have up
to a ivefold greater risk of developing type 2 diabetes mellitus
(if not already present) and are also twice as likely to die from a
myocardial infarction or stroke compared with those without the
syndrome.50 There are several diagnostic guidelines for metabolic
syndrome.51 The most widely used is the one delineated by the
revised 2004 National Cholesterol Education Program and the
American Heart Association (NCEP II/AHA),52 which deines
metabolic syndrome when three out of the following ive con
ditions exist: (1) central obesity: Waist circumference ≥102 cm
(≥40 in) in males, ≥88 cm (≥35 in) in females; (2) dyslipidemia:
Triglycerides ≥150 mg/dL; (3) dyslipidemia: HDL ≤40 mg/dL in
males, ≤50 mg/dL in females; (4) hypertension: ≥130/85 mm Hg
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or use of antihypertensives; (5) elevated fasting glucose: ≥100
mg/dL (≥5.6 mmol/L) or use of medication for hyperglycemia.
Weight loss and lifestyle changes, such as following a Mediterra
nean diet with high intake of fruits, vegetables, and iber, improve
the metabolic syndrome features.50,53

PHARMACOLOGY
Pharmacologic Principles
General pharmacokinetic principles dictate, with certain excep
tions, that drug dosing should take into consideration the volume
of distribution (VD) for administration of the loading dose, and
the clearance for the maintenance dose.54 A drug that is mainly
distributed to lean tissues should have the loading dose calculated
on the basis of LBW. If the drug is equally distributed between
adipose and lean tissues, dosing should be calculated on the basis
of TBW. For maintenance, a drug with similar clearance values
in both obese and nonobese individuals should have the main
tenance dose calculated on the basis of LBW. However, a drug
whose clearance increases with obesity should have the mainte
nance dose calculated according to TBW.
The relative volume of the central compartment in which
drugs are irst distributed remains unchanged in obese patients,
but absolute body water content is decreased. Lean body and
adipose tissue mass are increased, affecting lipophilic and
polar drug distribution (Fig. 444). The VD in obese patients is
affected by multiple factors including reduced total body water,
increased total body fat, increased lean body mass, altered
protein binding, increased blood volume, increased cardiac
output, increased blood concentrations of free fatty acids, tri
glycerides, cholesterol, and α1acid glycoprotein, lipophilicity
of the drug, and organomegaly.6 Increased redistribution of
a drug prolongs its elimination halflife even when clearance
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is unchanged or increased. Hyperlipidemia and an increased
concentration of α1acid glycoprotein may affect protein bind
ing, leading to a reduction in free drug concentration. Plasma
albumin and total plasma protein concentrations and binding
are not signiicantly changed by obesity, but when compared
with normalweight individuals, a relative increase in plasma
protein binding may be evident. Splanchnic blood low, blood
volume, and cardiac output are all increased in obese patients.
In contrast to the expected decrease in bioavailability of orally
administered medications because of increased splanchnic
blood low, there is no signiicant difference in absorption and
bioavailability when comparing obese and normalweight sub
jects. Drugs that undergo phase I metabolism (oxidation, reduc
tion, hydrolysis) are generally unaffected by changes induced by
obesity, whereas phase II reactions (glucuronidation, sulfation)
are enhanced.6
Histologic abnormalities of the liver are common in the
obese, with concomitant deranged liver function tests, but
drug clearance is not usually affected. Renal clearance of drugs
is increased in obesity because of increased renal blood low
and glomerular iltration rate.49,55 As a result of the increases
in glomerular iltration rate and tubular secretion, drugs such
as cimetidine and aminoglycoside antibiotics that depend on
renal excretion may require increased dosing. Highly lipophilic
substances such as barbiturates and benzodiazepines show sig
niicant increases in VD for obese individuals.6 These drugs have
a more selective distribution to fat stores and therefore a lon
ger elimination halflife but with comparable clearance values
to normal individuals. Less lipophilic compounds have little or
no change in VD with obesity. Exceptions to this rule include
the highly lipophilic drugs digoxin, procainamide, and remi
fentanil.56–58 Drugs with weak or moderate lipophilicity may be
dosed on the basis of LBW. Adding 20% to the estimated IBW
dose of hydrophilic medications is suficient to include the obese
patient’s extra lean mass. Nondepolarizing muscle relaxants can
be dosed in this manner.
Increased blood volume in the obese patient decreases plasma
concentrations of rapidly injected intravenous drugs. Fat, however,
has poor blood low, and doses calculated on actual body weight
could lead to excessive plasma concentrations. Calculating initial
doses based on LBW with subsequent doses determined by phar
macologic response to the initial dose is a reasonable approach.
Repeated injections may accumulate in fat, leading to a prolonged
response because of subsequent release from this large depot.
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fIGURE 44-4. Body composition in extremely obese and weightreduced states compared with reference female values. ICW, intracellular water; ECW, extracellular water. (Reprinted from: Das SK, Roberts
SB, Kehayias JJ, et al. Body composition methods in extreme obesity.
Am J Physiol Endocrinol Metab. 2003;284:E1080, with permission.)

Patients’ usual medications should be continued until the time
of surgery, with the possible exception of certain antihyperten
sives, insulin, and oral hypoglycemics. Antibiotic prophylaxis is
usually indicated because of an increased incidence of wound
infections in the obese.59 Anxiolysis and prophylaxis against
both aspiration pneumonitis and deep vein thrombosis (DVT)
should be addressed preoperatively. Oral benzodiazepines are
reliable for anxiolysis and sedation. Intravenous midazolam can
also be titrated in small doses for anxiolysis during the imme
diate preoperative period. Dexmedetomidine, because of its
minimal respiratory depressant effects, should be considered.
Pharmacologic intervention with H2receptor antagonists, non
particulate antacids, or proton pump inhibitors will reduce
gastric volume, acidity, or both, thereby reducing the risk and
severity of aspiration pneumonitis. Guidelines for dosing of
common intravenous drugs utilized during anesthesia are pre
sented in Table 443.
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tABLE 44-3. intRAVENOUS DRUG DOSING IN OBESITY
Drug

Dosing

Practical Anesthesia Key Points

Thiopental

Induction: LBW
(somewhat
increased
dose)

Propofol

Induction: LBW
(somewhat
increased
dose)
Maintenance
infusion:
TBW

Succinylcholine

TBW

•
•
•
•
•
•
•
•
•
•
•
•
•
•

Rocuronium

LBW

Vecuronium

LBW

Atracurium

LBW

•
•
•

Cisatracurium

LBW

•

Benzodiazepines

LBW

•
•

Fentanyl

LBW

•

•
•
•
•
•
•

•

Sufentanil

LBW

Remifentanil

LBW

•
•
•
•
•
•
•
•

Dexmedetomidine

TBW

•
•
•
•
•

Neostigmine

TBW

•

Sugammadex

N/A

•
•

Increased initial dose due to increased blood volume, CO, muscle mass
Rapid distribution from plasma to periphery
Increased absolute dose
Prolonged duration of action due to high lipophilicity and increased Vd
Longer elimination halflife
Short duration of action due to rapid redistribution
Highly lipophilic
Cardiac output is major determinant of peak plasma concentration60
Increased Vd at steady state and increased clearance prevent increases in elimination halflife
Total clearance and Vd at steady state correlate with body weight during maintenance infusion
Negative cardiovascular effects
High afinity for fat and wellperfused organs
High hepatic extraction and conjugation relate to TBW61
Pseudocholinesterase activity increases linearly with increasing weight and large
extracellular luid compartment
Dose of succinylcholine should be increased
Dosing according to LBW to prevent delayed recovery due to increased Vd
Faster onset and longer duration when dosed according to TBW62,63
Pharmacokinetics and pharmacodynamics not altered in obese female patients
Prolonged action when dosed according to TBW
Dosing according to LBW to prevent delayed recovery due to increased Vd and impaired
hepatic clearance
Obesity does not alter distribution or elimination of the drug
VD, absolute clearance, and elimination halflife unchanged by obesity
Unchanged dose per unit body weight without prolongation of recovery because of organ
functionindependent elimination64
Pharmacokinetics similar to atracurium but prolonged duration of action when dosed
according to TBW65
Highly lipophilic drugs with larger Vd in obese patients result in longer duration of action
Midazolam has potential for prolonged sedation because larger initial doses are required to
achieve adequate serum concentrations
Measured total body clearance has a nonlinear relationship to TBW and overestimates
plasma concentration
Fentanyl dosing based on a derived LBW or “pharmacokinetic mass” model correlates
better with clearance than TBW dosing66,67
Dosing based on TBW overestimates dose requirements in the obese patient
Highly lipid soluble
Increased Vd and prolonged elimination halflife, which correlates with degree of obesity
Distributes extensively in excess body fat
Similar pharmacokinetic parameters in obese and nonobese predict similar plasma
concentrations
Overestimation of plasma concentration occurs in the morbidly obese range (BMI >40 kg/m2)67
Pharmacokinetics similar in obese and nonobese patients (i.e., more closely related to lean
body mass than LBW)57
Systemic clearance and Vd corrected per kilogram of TBW is signiicantly smaller in the
obese patient. Consider age and lean body mass for dosing
Highly selective α2adrenergic agonist
Sedative–hypnotic, anestheticsparing analgesic, sympatholytic properties
Lacks signiicant effects on respiration
Ideal analgesic adjuvant in the morbidly obese patient68
As part of a balanced anesthetic, infusion rates of 0.2–0.7 µg/kg/hr produce clinically
effective sedation with decreased analgesic and anesthetic requirements
Prompt early reversal but delayed full recovery during neostigmineinduced reversal of
vecuronium dosed according to TBW63
A modiied γcyclodextrin compound that encapsulates rocuronium, (and other steroid
based neuromuscular blockers to a lesser extent)
May prove invaluable for more rapid and complete neuromuscular blockade reversal in
obese patients69

LBW, lean body weight; VD, volume of distribution; TBW, total body weight; BMI, body mass index; N/A, not available.
Adapted from: Ogunnaike BO, Jones SB, Jones DB, et al. Anesthetic considerations for bariatric surgery. Anesth Analg. 2002;95:1793.
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Evidence of sleep apnea and the obstructive hypoventilation
syndrome should be obtained preoperatively not only because
patients with these syndromes may present with dificult airway
management issues, but also because the conditions are associ
ated with increased perioperative pulmonary complications. A
history of hypertension or a neck circumference >40 cm corre
lates with an increased probability of OSA. OSA is a legitimate
reason to delay surgery for a proper workup.77 OSA patients
should generally be treated as inpatients; however, outpatient
surgery can be considered under certain circumstances, includ
ing mild OSA, use of local or regional anesthesia with minimal
sedation, availability of a 23hour observation postanesthesia
care unit, and when patients can resume oral medication at the
time of discharge. OSA patients on a CPAP device at home should
be instructed to bring it with them to the hospital as it may be
needed postoperatively. The possibility of invasive monitoring,
prolonged intubation, and postoperative mechanical ventilation
should be discussed with obese patients. Arterial blood gas mea
surements help evaluate ventilation, as well as the need for peri
operative oxygen administration and postoperative ventilation.
Routine pulmonary function tests and liver function tests are not
costeffective in asymptomatic obese patients.

Preoperative airway assessment in obese patients is of paramount
importance. In an analysis of closed malpractice claims in the
United States related to airway management, obesity played a sig
niicant role in a large number of cases.70 Anatomic changes associ
ated with obesity that contribute to a potentially dificult airway
include limited movement of the atlantoaxial joint and cervical
spine by upper thoracic and low cervical fat pads; excessive tissue
folds in the mouth and the pharynx; a short, thick neck; a thick sub
mental fat pad; suprasternal, presternal, and posterior cervical fat;
and large breasts in females. Excess pharyngeal tissue deposited in
the lateral pharyngeal walls may not be noticed during routine air
way examination. The history obtained from the patient and exam
ination of previous records may help predict airway dificulties.
Obesity is an accepted risk factor for dificult mask ventilation
and airway management. With adequate positioning and airway
resources available, most obese patients can be adequately and
safely managed. Overall, the magnitude of BMI by itself does not
seem to have much inluence on the dificulty of laryngoscopy.71
Such dificulty, in most studies, correlates with increased age, male
Metabolic Issues
sex, temporomandibular joint pathology, Mallampati classes 3 and
72–74
4, OSA, and abnormal upper teeth.
The predictive role of OSA
Patients scheduled for repeat bariatric surgery should be screened
per se on dificult intubation has been recently disputed.75 In a pro
preoperatively for longterm metabolic and nutritional abnor
75
spective study in bariatric patients by Neligan et al. only a Mal
malities. The high prevalence of insulin resistance and diabetes
lampati score ≥3 and male gender, but not BMI, OSA or the apnea–
in obese patients justiies the need for considering glucose checks
1 hypopnea index (AHI), predicted the risk of dificult intubation.
preoperatively, and correcting abnormalities if present. Preop
The patient’s neck circumference has been identiied as the single
erative evaluation should include assessment of therapies for
biggest predictor of problematic intubation in morbidly obese
glycemic control, last time and dose of preoperative administra
73
patients. The probability of a problematic intubation is approxi
tion, and usual glucose values for a speciic patient. Electrolytes
mately 5% with a 40cm neck circumference compared with a 35%
should be checked before surgery, particularly in patients with
probability at 60cm neck circumference. In this study by Brodsky
4 poor compliance to medications or acutely ill patients. Elevated
73
et al., a larger neck circumference was associated with male gender,
liver function tests (mostly elevated alanine aminotransferase)
a higher Mallampati score, laryngoscopy grade 3 views, and OSA.
are seen in many obese patients, but no clear correlation exists
between abnormalities of routine liver function tests and the
capacity of the liver to metabolize drugs. Other nutritional dei
ciencies include vitamin B12, iron, calcium, and folate. Vitamin
Cardiopulmonary Systems
and nutritional deiciencies can lead to a collective form of post
operative polyneuropathy, known as acute postgastric reduction
As stated above, when evaluating the obese patient preopera
surgery (APGARS) neuropathy, a polynutritional multisystem
tively, a review of previous anesthetic experiences, as detailed by
2 the patient, and previous anesthetic records are useful and impor
disorder characterized by protracted postoperative vomiting,
hyporelexia, and muscular weakness.78 Differential diagnoses
tant. Because obese patients often have limited exercise tolerance
of this disorder include thiamine deiciency (Wernicke encepha
they may appear asymptomatic even though they have signiicant
lopathy, beriberi), vitamin B12 deiciency, and Guillain–Barré
cardiovascular disease. Obese patients should be evaluated for sys
syndrome. Close attention to dosing and monitoring of neuro
temic hypertension, pulmonary hypertension, signs of right and/
muscular blocking agents is recommended in cases of suspected
or left ventricular failure, and ischemic heart disease. Signs of car
or diagnosed APGARS neuropathy. Chronic vitamin K deiciency
diac failure such as elevated jugular venous pressure, pathologic
may lead to coagulation abnormalities, requiring administration
heart sounds, pulmonary crackles, hepatomegaly, and peripheral
of vitamin K analog or fresh frozen plasma.
edema may all be dificult to detect because of excess adiposity.
Pulmonary hypertension is fairly common in this patient popula
tion because of the chronic pulmonary impairment. The com
Hematologic Issues
mon features of pulmonary hypertension are exertional dyspnea,
fatigue, and syncope (which relect an inability to increase cardiac
Morbid obesity is a known risk factor for perioperative thrombo
output during activity). Tricuspid regurgitation on echocardiog
embolic events, including sudden death from acute pulmonary
raphy is the most useful conirmatory test of pulmonary hyper
embolism.79 Several thromboprophylaxis protocols exist or are
tension but should be combined with clinical evaluation. An ECG
may demonstrate signs of right ventricular hypertrophy such as
being developed,80,81 but preoperative evaluation and preparation
tall precordial R waves, right axis deviation, and right ventricular
should include consideration of these plans. Guidelines from the
strain. The higher the pulmonary artery pressure the more sensi
American Society of Chest Physicians recommend, in patients
tive the ECG. Chest radiographs may show evidence of underly
undergoing bariatric surgery, the combination of intermittent
ing lung disease and prominent pulmonary arteries.76
pneumatic compression devices with heparin (unfractionated
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or low molecular weight heparin), and warn that greater doses
in obese patients may be needed than in nonobese ones.82 A pro
longed postoperative thromboembolic prophylactic regimen (1 to
3 weeks) may be indicated.80 Four risk factors for the development
of DVT are particularly signiicant, namely venous stasis disease,
BMI ≥ 60, central obesity, and OHS and/or OSA I. If present, pre
operative prophylactic placement of an inferior vena cava ilter
should be considered.79 A combination of short duration of sur
gery, lower extremity pneumatic compression, and routine early
ambulation, may preclude mandatory heparin anticoagulation,
except in patients with a history of previous DVT, a known hyper
coagulable state, or a signiicant family history of DVT.83

patients with cardiopulmonary disease but also for those patients
in whom the noninvasive blood pressure cuff does not it properly.
Central venous catheterization, though not routinely needed, may be
required for intravenous access in patients with inadequate periph
eral access for perioperative luid management.90 Central venous
catheters, pulmonary artery catheters and/or transesophageal echo
cardiography can be used selectively in patients with signiicant car
diopulmonary disease or in patients undergoing extensive surgery.

Airway Management

Adequate preoxygenation is vital in obese patients because rapid
oxygen desaturation can occur after loss of consciousness, due to
increased oxygen consumption and decreased FRC. Having the
INTRAOPERATIVE CONSIDERATIONS
patient voluntarily take four vital capacity breaths with 100%
oxygen, within 30 seconds of anesthesia induction, has been
suggested as being superior to the usually recommended 3 min
Equipment and Monitoring
utes of 100% preoxygenation with normal ventilation in obese
patients.91 Use of the headup position, or semisitting position,
Specially designed tables or two regularly sized operating room
at approximately 25 degrees from horizontal, provides the lon
tables may be required for safe anesthesia and surgery in obese
gest period of apnea without development of hypoxia during
patients. Regular operating room tables have a maximum weight
induction of anesthesia.84,92,93 The extra time gained may help
limit of approximately 200 kg, but operating room tables capable
preclude hypoxemia if intubation is delayed. Preoperative use of
of holding up to 455 kg, with a greater width, or side accessories, to
noninvasive positive pressure ventilation (NIPPV) or applica
accommodate the extra girth, are available. Strapping obese patients
tion of PEEP during induction will also combat periinduction
to the operating room table in combination with a malleable “bean
hypoxemia.94,95 The headup position may also help to prevent
bag” helps keep them from falling off the operating room table.
pulmonary aspiration of gastric contents as well as hypoxemia.
Supine positioning causes ventilatory impairment and infe
Obese patients are more likely than nonobese patients to pres
rior vena cava and aortic compression in obese patients. FRC and
ent with dificult mask ventilation and intubation, especially if
oxygenation are decreased further with supine positioning. Head
they have a short thick neck and OSA.70–74,96,97 If a dificult intu
down positioning, often required during bariatric procedures,
bation is anticipated, awake intubation using topical or regional
further worsens FRC and should be avoided if possible. Simply
anesthesia and a iberoptic device is a prudent approach to main
changing the obese patient from a sitting to supine position can
tain spontaneous ventilation. During awake intubation, sedative–
cause a signiicant increase in oxygen consumption and cardiac
hypnotic medications should be reduced to a minimum. Sedation
output. The headup position provides the longest safe apnea
with dexmedetomidine during awake intubation provides ade
period during induction of anesthesia.84 The extra time gained
quate anxiolysis and analgesia without respiratory depression.98
may help preclude hypoxemia if intubation is delayed. Both intra
Hypoxia and aspiration of gastric contents should be prevented
operative PEEP and the headup position signiicantly decrease
at all costs during endotracheal intubation. An experienced col
the alveolar–arterial oxygen tension difference and increase total
league who is in the operating room or immediately available
respiratory compliance to a similar degree, although the headup
during induction and airway management can be helpful with
position results in lower airway pressures. Both PEEP and the
mask ventilation or attempts at intubation. A surgeon capable of
headup position, however, decrease cardiac output signiicantly,
accessing the airway surgically should be readily available. The
which partially counteracts the beneicial effects on oxygenation.85
“ramped” position elevates the obese patient’s upper body and
Prone positioning, rarely required in the obese patient, should be
correctly performed with freedom of abdominal movement to 6 improves not only the laryngoscopic view compared with the
standard “snifing” position, but as mentioned previously mini
prevent detrimental effects on lung compliance, ventilation, and
mizes the risk of hypoxia.99 Towels or folded blankets under the
arterial oxygenation. Lateral decubitus positioning allows for bet
shoulders and head can compensate for the exaggerated lexed
ter diaphragmatic excursion and should be favored over prone
position of posterior cervical fat (Fig. 445). The objective of this
positioning whenever the surgical procedure permits. Particular
care should be paid to protecting pressure areas, because pressure
sores, neural injuries, and rhabdomyolysis may occur. Brachial
plexus and lower extremity nerve injuries are frequent. Carpal tun
nel syndrome is the most common mononeuropathy after bariat
ric surgery.86,87 Other reported neurologic complications include
encephalopathy (Wernicke), optic neuropathy, and myelopathy
associated with vitamin B12 and copper deiciencies.88
Monitoring the surgical obese patient poses additional chal
5 lenges. Proper sizing of the blood pressure cuff and choice of location
is important. Blood pressure measurements can be falsely elevated
if a cuff is too small. Cuffs with bladders that encircle a minimum
of 75% of the upper arm circumference or, preferably, the entire
arm, should be used. Forearm blood pressure measurements with
a standard cuff overestimate both systolic and diastolic blood pres
FIGURE 44-5. Ramped position with “stacking” of towels and
sures in obese patients.89 Invasive arterial pressure monitoring may
blankets.
be indicated for the super morbidly obese patient, not only for those
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Induction and Maintenance
Concerns of hypoxemia, gastric regurgitation, and aspiration
during induction and intubation justify the common use of rapid
sequence induction (RSI) strategies. Gastroesophageal relux dis
ease is relatively common in obese patients, and the incidence
of regurgitation and severe pneumonitis in case of aspiration
is increased in this population (as discussed earlier in physiol
ogy section). Findings that nonpremedicated, nondiabetic fast
ing obese surgical patients with no signiicant gastroesophageal
pathology are unlikely to have high volume, low pH gastric con
tents after routine preoperative fasting45 suggest that the routine
preoperative fasting guidelines (6 hours for solids, 2 hours for
clear liquids) may be safe in obese patients.107 In any case, the use
of an RSI, as opposed to a standard induction technique, should
be routinely and carefully evaluated in obese patients and the inal
decision individualized on the basis of the patient’s risk of difi
cult mask ventilation, dificult intubation, hypoxemia, and gastric
aspiration during induction.
7
No systematic analysis or comparison of anesthetic agents or
techniques in obese patients is available. Larger doses of induc
tion agents may be required because blood volume, muscle mass,
and cardiac output increase linearly with the degree of obesity.
Any of the commonly available intravenous induction agents may
be employed after taking into consideration problems peculiar to
individual patients. An increased dose of succinylcholine is nec
essary because of an increase in activity of pseudocholinesterase.
Myalgia is not frequently seen following succinylcholine in mor
bidly obese patients.108 Succinylcholine, due to its rapid onset and
limited duration of action, is highly recommended for tracheal
intubation especially in obese patients in which airway manage
ment is considered challenging, or for patients with a high risk of
periinduction hypoxemia or aspiration.
Continuous infusion of a shortacting intravenous agent, such
as propofol, or any of the inhalation agents, or a combination,
may be used to maintain anesthesia. Deslurane, sevolurane, and
isolurane are minimally metabolized and are therefore useful
agents in the obese patient, with deslurane possibly providing
better hemodynamic stability and slightly faster washout.109–111
The use of nitrous oxide (N2O), despite its rapid elimination
and analgesic properties, is limited by the high oxygen demand
in this patient population. Shortacting opioids are preferred in

obese patients to provide adequate analgesia but avoid postop
erative respiratory depression. Remifentanil and fentanyl, care
fully titrated to clinical effect, are the most common choices.112
Dexmedetomidine, an α2agonist with sedative and analge
sic properties, has no clinically signiicant adverse effects on
respiration and is an attractive anesthetic adjunct in obese
patients.68 Furthermore, it reduces postoperative opioid analgesic
requirements.68,113
Profound muscle relaxation is important during laparoscopic
bariatric procedures to facilitate ventilation and to maintain an
adequate working space for visualization and safe manipulation
of laparoscopic instruments. It also facilitates extraction of excised
tissues. Collapse of the pneumoperitoneum and tightening of the
patient’s musculature around port sites are early indications of inad
equate muscle relaxation.114 Vecuronium, rocuronium, and cisatra
curium are useful nondepolarizing muscle blocking agents for the
maintenance of muscle relaxation. Pneumoperitoneum should not
be increased above a pressure of 15 mm Hg since intraabdominal
pressures of 20 mm Hg or greater can cause vena caval compression
and decrease cardiac output.112 Cephalad displacement of the dia
phragm and carina from a pneumoperitoneum during laparoscopy
can cause a irmly secured endotracheal tube to displace into a main
stem bronchus.115
Anesthesia personnel may be asked to facilitate the proper
placement of an intragastric balloon to help the surgeon size the
gastric pouch, and also to facilitate performance of leak tests with
saline or methylene blue through a nasogastric tube. Care should
be taken to ensure a tight seal of the endotracheal tube cuff,
otherwise aspiration of saline or methylene blue can occur. All
endogastric tubes should be completely removed (not just merely
pulled back into the esophagus) before gastric division to avoid
unplanned stapling and transection of these devices.

Fluid Management
Excess adipose tissue may render visualization of peripheral per
fusion dificult, making luid balance dificult to assess. Blood
loss is usually greater in the obese patient than in the nonobese
patient for the same type of surgery, because technical dificulties
of accessing the surgical site necessitate larger incisions and more
extensive dissection. Therefore, luid management is particularly
challenging in the obese patient. Normovolemia should be the
goal, not only to avoid hypovolemia with the associated increased
hemodynamic instability and incidence of postoperative nausea
and vomiting,116 but also to avoid the hypervolemiaassociated
risks of decompensated congestive heart failure, peripheral tissue
edema, and pulmonary complications. Rapid infusion of intra
venous luids should be avoided because preexisting congestive
cardiac failure is common in the obese patient. Recent studies,
which need further conirmation, found that during laparoscopic
bariatric surgery, urine output does not correlate with the rate
of intraoperative luid administration,117 and the total volume of
luids infused does not seem to affect the incidence of postopera
tive rhabdomyolysis.118

Mechanical Ventilation
Obesity makes the selection of ventilator settings challenging,
since increasing weight does not imply a proportional growth of
the lung. Obese patients are more likely to be exposed to higher
tidal volumes because of miscalculation of PBW or IBW,119,120
and also to higher airway pressures due to the decreased respira
tory system compliance. Although similar ventilatory parameters
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maneuver, known as “stacking,” is to position the patient so that
the tip of the chin is at a higher level than the chest to facilitate
laryngoscopy and intubation.
Although direct laryngoscopy is successful in many obese
patients, assuming optimal positioning has been achieved, hav
ing other intubating tools and related equipment useful during a
dificult intubation is highly recommended. These tools include
intubating stylets (Eschmann stylet, tube exchanger), videolaryn
goscopes, laryngeal mask airways (LMA), and iberoptic bron
choscopes. Videolaryngoscopes have proven to be eficient tools
for intubating obese patients, reducing the duration of intubation
and the number of attempts, with a similar or better glottic view
than standard direct laryngoscopy.100,101 Multiple laryngoscopic
attempts and repeated attempts at intubation are consistent with
increased airway and hemodynamic complications.102 The ASA
analysis of closed claims data also supports the recommendation
to limit conventional intubation attempts to three before using
other strategies.32,70 LMA can be useful for temporarily achiev
ing airway patency in patients with dificult mask ventilation and
intubation,103,104 or for placing a deinitive endotracheal tube
(intubating LMA).32,105,106
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in nonobese patients can be used, it may be dificult to maintain
plateau pressures less than 30 cm H2O.5 Greater inlation pressures
may be tolerated in obese patients,121 possibly because the extra adi
pose tissue partially attenuates lung overdistension.122 In any case,
tidal volume should be maintained at less than 13 mL/kg, since
higher tidal volumes offer no added advantages during mechani
cal ventilation of anesthetized morbidly obese patients.123,124 Fur
ther increasing tidal volumes only increases the peak inspiratory
airway pressure, endexpiratory (plateau) airway pressure, and
lung compliance without signiicantly improving arterial oxy
gen tension.123,125,126 No speciic ventilatory mode (e.g., volume
vs. pressure control ventilation [PCV]) has been found signii
cantly better for oxygenation and CO2 clearance in obese patients,
although pressure control modes have in some studies correlated
with increased oxygenation.127,128
8
PEEP, with or without recruitment maneuvers, is the only ven
tilatory parameter that has consistently been shown to improve
respiratory function in obese subjects.123,129,130 Moderate PEEP
(10 cm H2O), particularly after a recruitment maneuver, has been
found to be the most eficient ventilatory technique to prevent post
operative atelectasis.131 Different methods for performing recruit
ment maneuvers exist. A simple one proposed by Pelosi et al.124 is
a series of 3 short (6 seconds) inlations with PCV to administer
a large tidal volume by reaching an inspiratory pressure of 40 to
55 cm H2O. These higher than usual airway pressures may be
needed to compensate for the decreased chest wall compliance,
achieving an adequate transpulmonary pressure to avoid alveo
lar collapse. The combination of recruitment maneuvers and
PEEP aim at opening and maintaining patency of small airway
units, therefore improving ventilation–perfusion matching and
oxygenation. This practice leads to improved oxygenation, less
atelectasis,130,132 a shorter stay in the postanesthesia care unit
(PACU), and decreased postoperative pulmonary complica
tions132 after laparoscopic bariatric surgery. Attention should be
paid to avoid decreased venous return and cardiac output with
PEEP or recruitment maneuvers, although they have been ade
quately tolerated in normovolemic morbidly obese patients.126
Inspired oxygen fraction (FiO2) should be titrated to the mini
mum levels that assures acceptable oxygenation levels but avoids
reabsorption atelectasis. Some experts recommend the FiO2 to be
kept lower than 0.8 in obese patients.124,133

1

2
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4

5
fIGURE 44-6. Illustration of the Walter Henderson maneuver. 1, patient transfer device (PTD; aka patient roller); 2, patient tilted to slip
roller underneath; 3, roller slipped under patient; 4, table tilted to roll
patient “downhill” onto bed; 5, patient rolled onto bed. (Reprinted
from Ogunnaike BO, Whitten CW. In response to Rosenblatt MA, Reich
DL, Roth R, et al. [letter]. 2004;98:1809, with permission.)

Monitored Anesthesia Care and Sedation
Emergence
9 Prompt but safe tracheal extubation reduces the likelihood that
the morbidly obese patient will become ventilatordependent.
This is especially important in patients with underlying car
diopulmonary disease. Similar to the recommendation during
induction of anesthesia, during emergence the patient should
preferably be extubated in the semirecumbent position. In some
institutions, policies have been developed for the mandatory
presence of two anesthesia providers at emergence and extuba
tion of morbidly obese patients.134 Supplemental oxygen should
be administrated after extubation. Some authors recommend an
observation period of at least 5 minutes after extubation before
transporting the patient away from the operating room.134
Lifting devices such as the HoverMatt (Patient handling
technologies, Allentown, PA), the patient transfer device (PTD;
Alimed, Dedham, MA), and gantrystyle mechanical lifting
devices that use slings are useful for transporting morbidly obese
patients onto or off the operating room table. The PTD can be
combined with the Walter Henderson maneuver (Fig. 446) to
safely and gently transfer obese patients onto their postoperative
beds.134

Monitoring of the adequacy of ventilation and oxygenation is
extremely important in obese patients. Obese patients present a
higher risk of sedationinduced respiratory depression, so careful
titration of benzodiazepines, opioids, and propofol is mandatory
to avoid hypercapnia and/or hypoxemia. Hypoxemia may require
unplanned intubation, so a thorough airway examination and
preparation for unintended airway management is critical even in
monitored anesthesia care (MAC)/sedation cases. The prevalence
of closed malpractice claims related to adverse respiratory events
during monitored anesthesia cases is increasing, compared to
respiratory complications or airway management complications
encountered during general anesthesia.135 In a closed claim analy
sis by Bhananker et al.,136 obesity and suboptimum monitoring of
pulse oximetry, endtidal capnography or both, were signiicant
key factors in these adverse events during MAC.

Regional Anesthesia
Neuraxial anesthetic techniques (spinal, epidural, combined
spinal–epidural) and peripheral nerve blocks, used alone or in
combination with general anesthesia, are being utilized more
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frequently as an important part of the anesthetic management
of obese patients. Several studies have demonstrated the eficacy
of regional techniques in reducing opioidrelated complica
tions137,138 but there are other distinct advantages: (1) minimal
or reduced manipulation of the airway, (2) administration of
fewer medications with cardiopulmonary depression, (3) reduced
risk of postoperative nausea and vomiting, (4) better postopera
tive pain control, and (5) improved postoperative outcomes.139
When epidural anesthesia is combined with general anesthesia,
time to tracheal extubation may be reduced in patients receiving
a combined technique compared to general anesthesia alone.140
However, utilization of regional anesthesia is accompanied by an
increased risk of block failure in obese patients compared to those
of normal weight.141 Failure is often due to technical dificulties
related to the patient’s size and dificulty locating necessary ana
tomic landmarks. In addition, these patients also experience an
increased risk of complications.142 With proper planning, these
techniques may be used successfully and should be considered
in the anesthetic plan for obese patients who are candidates for
regional anesthesia. However, wellfunctioning intravenous
access should be secured prior to block placement in case compli
cations such as a high neuraxial block or local anesthetic systemic
toxicity should occur.

Neuraxial Anesthesia
Neuraxial anesthesia can produce serious cardiopulmonary
alterations in obese patients undergoing surgery. Because pul
monary mechanics, lung volumes, FRC, oxygenation, and ven
tilation are already compromised preoperatively in these indi
viduals, supine and Trendelenburg positioning during neuraxial
anesthesia can lead to a further deterioration of lung volumes,
including a reduction in FRC. FRC may fall below closing capac
ity promoting small airway collapse, atelectasis, ventilation–
perfusion mismatch, and hypoxia, especially during supine and
Trendelenburg positioning.143 It is often helpful to measure the
oxygen saturation in the sitting and supine positions to indicate
the degree of pulmonary reserve before initiating neuraxial anes
thesia. In addition to these pulmonary concerns, there are car
diovascular changes that warrant careful monitoring. The excess
weight of the abdominal wall can compress the vena cava, caus
ing decreased cardiac preload, relex tachycardia, and decreased
cardiac output. In a large series of obese patients undergoing
nonobstetric surgery who had received spinal anesthesia, more
than onethird developed hypotension.144 Three of the patients
in this series experienced cardiac arrest. There are other reports
of cardiac arrest after supine positioning in morbidly obese
patients.145
Despite these important considerations, use of neuraxial tech
niques can offer important advantages when compared to general
anesthesia alone, particularly because it may permit utilization of
fewer opioids. Parenteral opioid administration can be hazard
ous in these patients because of increased sensitivity, higher risk
of hypoxemia, a high incidence of sleep apnea, and an increased
incidence of adverse respiratory events following surgery. Admin
istration of patientcontrolled opioid analgesia has even resulted
in respiratory depression in some obese patients.146 The ASA has
published guidelines for the care of patients with OSA and rec
ommends that regional anesthetic techniques should be consid
ered to reduce or eliminate the requirements for systemic opioids
in patients with sleep apnea.31
Proper positioning is an important step in placement of a suc
cessful neuraxial anesthetic. Spinal or epidural placement in the
sitting position will assist with identiication of the midline.147
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The patient’s back should be parallel to the edge of the bed to
prevent lateral needle deviation away from the midline. Lateral
deviation from the midline will increase the depth to the epi
dural or spinal spaces and can result in block failure147 and an
increased risk for intraoperative conversion to general anesthe
sia (in lessthanideal circumstances). Anatomic landmarks are
often obscured in these patients. If spinal processes cannot be
appreciated with deep palpation, a line can be drawn from the
cervical vertebral spinal process to the uppermost portion of the
gluteal cleft. This line approximates the midline of the patient
over the vertebral column. Ultrasound imaging can also be help
ful to identify spinal processes148 and has been shown to signii
cantly reduce the number of needle passes and decrease the time
for spinal block placement in morbidly obese patients undergo
ing orthopedic surgery.149 Since the iliac crests may also be dif
icult to appreciate, the patient’s skin folds can be used to aid in
drawing a line perpendicular to the vertical line so that the inter
section point can serve as a reasonable spinal or epidural needle
insertion guide.
Neuraxial anesthetic placement can be particularly dificult,
especially when bony landmarks are nonpalpable, there is limited
back lexion,150 and there are false losses of resistance due to fat
deposition. It is often dificult to predict the depth to the epidural
space but the depth to the epidural space generally correlates with
BMI.151 A recent study suggests that prepuncture ultrasonography
may be useful to facilitate epidural placement in obese parturients
to assist in predicting the depth to the epidural space.152 However,
ultrasound has limitations in this patient population because the
image quality can be compromised due to fat overlying the epidu
ral space and the distance to the epidural space may be inaccurate
if the subcutaneous tissue is compressed. Future development of
ultrasound technologies may incorporate the use of ultrasound
guided needle techniques to aid epidural placement in challeng
ing patients.153 In some cases, a long 25gauge needle can be used
for iniltration of local anesthetic as well as to identify spinous
processes. To determine whether needle placement is midline or
lateral, the patient is often helpful in directing the needle to the
midline (e.g., Does it feel like I’m in the middle of your back?). A
recent study demonstrated that morbidly obese parturients were
signiicantly more helpful in identifying the midline compared to
nonobese.154 Helpfulness also varied with the patient’s BMI. In
most cases, standard neuraxial needles (9 to 10 cm) are usually
of suficient length if placement is midline.155 However, longer
needles (16 cm) are sometimes needed in extremely obese partu
rients. These needles can cause serious injury so they should only
be used after careful assessment of the midline when standard
needles are inadequate.

Spinal Anesthesia
Singleinjection spinal anesthesia is a popular neuraxial anes
thetic technique but there are concerns about technical dificul
ties, exaggerated spread of local anesthetic, hypotension, and an
inability to prolong the block, especially in the obese patient.
Spinal anesthesia is reasonable if the airway examination is rea
sonably normal, there is no signiicant cardiopulmonary dis
ease, and the surgery is expected to be less than 90 minutes. It is
often easier to insert the spinal needle when a large gauge stiff
epidural needle is used as a guide for the smaller lexible spinal
needle.
Decreased cerebral spinal luid volumes have been conirmed
in obese patients by magnetic resonance imaging156 suggesting
that the effective dose of spinal local anesthetic is reduced in
obese patients when they receive the same anesthetic as a non
obese patient. The decreased spinal luid volume results from
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displacement of the cerebral spinal luid by soft tissue movement
into the intervertebral foramen caused by an increase in abdomi
nal pressure. This results in a direct positive correlation between
the height of the block and the degree of obesity when patients
receive the same volume and dose of spinal bupivacaine in the sit
ting position.157 Others have demonstrated higher levels of spinal
anesthesia in obese patients158 and the need for smaller volumes
of bupivacaine in obese individuals to achieve similar sensory
levels.159,160 In addition to these factors, large buttocks of obese
patients may place the vertebral column in the Trendelenburg
position, exaggerating the cephalad spread of spinal anesthesia. In
order to avoid a high block when hyperbaric bupivacaine is used,
a ramp can be placed under the patient’s chest to elevate the cervi
cal and thoracic spines to avoid the headdown position induced
by large buttocks. Although there are other studies that report
no clinical differences in the height of sensory block after hypo
baric161 and hyperbaric162 spinal anesthesia in obese compared
to nonobese parturients, spinal anesthesia should be performed
with caution because of the consequences of extensive blockade,
prolonged surgery, and the hazards of intraoperative induction of
general anesthesia.

Epidural Anesthesia
Epidural anesthesia offers several advantages over single
injection spinal anesthesia including titratable dosing of local
anesthetics, ability to prolong the block, decreased risk of exces
sive motor block, more controllable hemodynamic changes,
and the option to utilize for postoperative analgesia. However,
in laboring patients, a multicenter prospective observational
study found that epidural anesthesia failed more often than spi
nal or combined spinal–epidural (CSE) anesthesia techniques.163
Increased maternal BMI was signiicantly related to failure of
neuraxial techniques. Hood and Dewan164 also demonstrated
an increased initial failure rate of epidural catheters in laboring
patients. In the study 42% of catheters failed initially compared
to 6% in the nonobese control group. In addition, Hodgkinson
and Husain165 demonstrated that the height of an epidural block
for a given volume of local anesthetic is proportional to BMI and
maternal weight but not height. Incremental dosing of epidural
administered local anesthetics will reduce the risk of hypotension
and high block.
Catheter dislodgment is another potential problem in obese
patients. Before securing the epidural catheter to the skin, the
patient should move from the upright sitting position to the lat
eral position. In a study by Hamilton et al.,166 the distance from the
epidural space to the skin was measured as patients changed from
one position to another (sitting lexed to up, up to lateral, lexed
to lateral). The maximum change averaged 0.67 cm in parturients
with a BMI <25, to 1.04 cm in parturients with a BMI >30. The
changes in epidural catheter depth in this study were signiicantly
increased with the BMI of patients, and the maximum observed
changes in distance to skin with a change in patient position were
also signiicantly increased with the BMI (with >4 cm change in
one obese patient).166 Because the ligamentum lavum has a mild
grip on the epidural catheter, repositioning allows the epidural
catheter to be pulled into the subcutaneous fat, sometimes by
several centimeters. Epidural catheters should be taped in place
on the skin after the patient has been repositioned, and without
adjusting the catheter. This maneuver is helpful in reducing the
incidence of catheter dislodgement and block failure.
In cases of inadvertent dural puncture, catheters may be
threaded into the subarachnoid space for continuous spinal anal
gesia. Continuous spinal anesthesia may offer the beneits of a
singleinjection spinal anesthesia (i.e., reliability, density)167 and

reduce the risk for postdural puncture headache when an inad
vertent dural puncture occurs. However, care must be used to
avoid accidental administration of a large, “usual,” epidural dose
of local anesthetic through what is now a spinal catheter. The spi
nal catheters should be clearly marked so that they are not mis
taken for an epidural catheter.

Combined Spinal–Epidural (CSE)
CSE anesthesia is an alternative to conventional spinal or epidural
anesthesia; however, there is concern that the technique is more
complicated than either spinal or epidural alone and the epidural
catheter is “unproven” during the duration of spinal analgesia.
Although CSE catheters fail at similar rates compared with con
ventional epidural catheters,168 delayed recognition of a nonfunc
tional epidural catheter is a disadvantage of this technique and
is particularly problematic for prolonged surgical cases. This can
increase the risk of intraoperative conversion to general anesthe
sia. However, even if the patient does not receive a “spinal dose”
during CSE placement, the return of CSF in the spinal needle is
conirmation of midline needle placement. This increases the
likelihood of bilateral block, improved sacral spread, and onset of
analgesia in laboring parturients.169

Peripheral Nerve Block
Peripheral nerve blocks, with and without general anesthesia,
have been increasingly utilized for obese patients undergoing
surgical procedures. In obese patients, these blocks can be tech
nically challenging and have an increased failure rate compared
to techniques performed in patients of normal weight.142,170
Although the experience and expertise of the anesthesiologist
with these blocks may inluence their success, a large prospective
study evaluating peripheral nerve blocks determined that the risk
of block failure increased proportionately with BMI.170 Continu
ous supraclavicular, paravertebral, supericial cervical plexus, and
continuous epidural blocks had the highest failure rates. Supple
mental general anesthesia was also needed to supplement these
blocks more often. Another study also evaluated success rates of
supraclavicular blocks in the obese patients compared to non
obese patients and determined that success rates were also lower
in the obese patients.171 However, the rate of successful blocks in
the obese patients remained high (94.3% vs. 97.3%).
Dosing of local anesthetics during regional anesthesia can be
challenging in the obese patient. For instance, if a patient receives
too large of a dose, they may be at risk of hypotension or systemic
toxicity. Or in the case of blocks placed in the neck, the patient
may experience respiratory compromise related to diaphragmatic
hemiparesis in the face of preexisting hypoventilation due to
obesity. If the dose is too small, there is a risk of block failure.
Although absorption of local anesthetics is dependent on the
site of injection (i.e., absorption is fastest with intercostal blocks
followed by epidural and spinal blocks), calculation of the local
anesthetic dose is an important consideration when performing a
peripheral nerve block in obese patients. The maximum safe dose
of local anesthetic for a peripheral nerve block is often based on
patient weight. However, the dose based on the actual weight in
this patient population will increase the risk for systemic toxicity.
Regardless of the route of administration (e.g., local iniltration,
peripheral nerve block) local anesthetic dosing should be based
on IBW rather than actual weight.
Although there are advantages to the use of peripheral nerve
blocks in obese patients, placement is often dificult due to dif
icult positioning, obscure anatomic landmarks, and inad
equate needle length. Because increased BMI is associated with
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POSTOPERATIVE CONSIDERATIONS
Ventilation Evaluation and Management

TABLE 44-4. sUMMARY OF PRACTICE
GUIDELINES FOR THE
PERIOPERATIVE MANAGEMENT
OF PATIENTS WITH OBSTRUCTIVE
SLEEP APNEA (OSA)
• Regional anesthetic techniques should be considered to
reduce or eliminate the requirements for systemic opioids
in patients with OSA.
• If neuraxial anesthesia is planned, the beneits and risks
of using an opioid or opioid–local anesthetic mixture as
compared to local anesthetic alone must be considered.
• If patientcontrolled systemic opioids are used, continuous
background infusions should be avoided or used with
extreme caution.
• Nonsteroidal antiinlammatory agents and other
modalities should be considered to reduce opioid
requirements.
• Supplemental oxygen should be administered continuously
to all patients who are at increased perioperative risk from
OSA until they are able to maintain their baseline oxygen
saturation while breathing room air.
• Hospitalized patients at increased risk of respiratory
compromise from OSA should be monitored with
continuous pulse oximetry after discharge from the
recovery room.
From: Gross JB, Bachenberg KL, Benumof JL, et al. Practice guidelines for the
perioperative management of patients with obstructive sleep apnea: A report by
the American Society of Anesthesiologists Task Force on Perioperative Manage
ment of patients with obstructive sleep apnea. Anesthesiology. 2006;104:1081–
1093.

There is an increased incidence of atelectasis in morbidly obese
patients after general anesthesia, which persists into the post
operative period.131 Consequently, initiation of CPAP or bilevel
positive airway pressure (BiPAP) has been advocated. Despite a
theoretical risk, the use of noninvasive positive pressure venti
It is unclear whether OSA increases the likelihood of postoper
lation does not seem to increase the incidence of major anasto
ative complications.33,180–182 However, obesity per se increases the
motic leakage after gastric bypass surgery. Postoperative CPAP
risk of hypoxemic events,180 obstructive apnea, and pulmonary
may improve oxygenation but does not facilitate CO2 elimina
complications. All of these complications occur more commonly
tion.179 Adequate analgesia, use of a properly itted elastic binder
in patients with known OSA. Opioids are known to increase the
for abdominal support, early ambulation, deep breathing exer
11 risk of central apnea but patients with sleep apnea are at par
cises, and incentive spirometry are all useful adjuncts to avoid
ticular risk for opioidinduced apnea.183 Because of the risk of
postoperative hypoventilation and atelectasis. Pulse oximetry and
hypoventilation and hypoxemia in obese patients with and with
arterial blood gases should be monitored when they are indicated.
out sleep apnea, postoperative pain management should include
opioidsparing multimodal analgesic techniques. Regional anes
thetic techniques are known to reduce the risk of opioidrelated
Analgesia
complications.137,138 However, these techniques will be contrain
dicated in some patients. In those patients, the use of multimodal
10 Pain management should be an important part of the postop
analgesics (e.g., local anesthetics, NSAIDs) will reduce opioid
erative care of obese patients. The goal of pain management in
consumption and reduce the risk of respiratory depression. The
these individuals is not only to provide adequate analgesia but
ASA practice guidelines encourage the use of regional analgesic
also ensure early mobilization and adequate respiratory func
techniques instead of systemic opioids in the postoperative pain
tion. Mobilization in these individuals is often dificult but
management of patients with sleep apnea. Those guidelines are
critically important in the prevention of complications. Pres
summarized in Table 444.
sure ulcerations, pulmonary emboli, deep venous thrombosis,
and pneumonia are some of the common complications that
Monitoring
can be prevented by early patient mobilization. Options for
pain management should include the following: (1) multimodal
analgesics, (2) regional anesthesia/analgesia techniques, (3) early 12 Obese patients who have received either neuraxial or parenteral
opioids require careful postoperative monitoring. However, in
patient mobilization, (4) supplemental oxygen, and (5) eleva
most cases, routine admission to intensive care or high acuity
tion of the head of the bed. Besides delivery of a safe analgesic
care units is unnecessary since admission to these units has not
technique, adequate postoperative monitoring is required to
been shown to reduce the risk of pulmonary complications or to
ensure safety.
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an increased number of attempts at block placement and risk of
block failure,142 the use of ultrasound may be a helpful tool to
increase block success172,173 as well as safety. Unlike techniques
that use nerve stimulators and/or paresthesias to identify proper
needle position, ultrasound has the advantage of realtime iden
tiication of landmarks below the skin surface. Although real
time ultrasound has been shown to increase success rates,172–174
decrease procedure time,175 and decrease the minimum effective
dose of local anesthetic solutions176 in patients receiving periph
eral nerve blocks who are of normal weight, there are few stud
ies examining use of this technique in the obese.172,173 Because a
greater penetration depth of ultrasound is needed in the obese,
the ultrasound must penetrate greater depths to reach the tis
sues.177 Lowfrequency transducers are needed for this degree of
penetration. However, higher frequency transducers produce the
best images.177 Consequently, ultrasound images in the obese may
be compromised due to an increased number of relective sur
faces and well as greater depth to the structures. Successful use of
ultrasound for peripheral nerve blocks requires training and expe
rience. Routine use of ultrasoundguided regional techniques in
nonobese patients is likely to improve success rates in the obese.
The American Society of Regional Anesthesia and Pain Medicine
and the European Society of Regional Anesthesia have recom
mended education and training guidelines for ultrasoundguided
regional anesthesia.178
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change perioperative outcome.184 Patients with a history of sleep
apnea treated with noninvasive positive airway pressure should
be encouraged to bring their own equipment to the hospital to
reduce the risk of respiratory depression.185 All patients receiving
neuraxial opioids should be monitored for adequacy of ventila
tion (e.g., respiratory rate, depth of respiration [assessed without
disturbing a sleeping patient]), oxygenation (e.g., pulse oximetry
when appropriate), and level of consciousness.185

CRITICAL CARE AND RESUSCITATION
Caring for critically ill obese patients poses many of the same
challenges as are seen during surgery, in terms of equipment,
monitoring, and the existence of multiple comorbidities.121 In
addition, the nutritional status of the critically ill obese patient
is often paradoxical and dificult to address. Hyperglycemia,
whether from preexisting diabetes or stressinduced, is common
and should be corrected because hyperglycemia is associated with
a higher mortality rate. Obese patients are more likely to become
ventilatordependent than nonobese patients. The combination
of obesity and the commonly associated comorbidities (e.g.,
diabetes) found in obese patients186 may render these patients
at increased risk for the development acute lung injury (ALI)
and/or acute respiratory distress syndrome (ARDS). Although
an increased BMI has been associated with an increased risk of
developing ALI/ARDS,119,187 the effect on clinical outcomes is still
being explored.119,188,189
The possible need for cardiopulmonary resuscitation should
be entertained when caring for the morbidly obese critically ill
patient. There are both equipment and technical concerns. Chest
compressions may not be effective and mechanical compression
devices may be required. The maximum 400 J of energy on regular
deibrillators is suficient for morbidly obese patients190 because
their chest wall is usually not much thicker, but the higher trans
thoracic impedance from the fat may obligate several attempts
at deibrillation. Airway management by conventional means
may be very dificult. However, tracheostomy, percutaneous cri
cothyrotomy, transtracheal jet ventilation, and retrograde wire
intubation are timeconsuming and technically dificult proce
dures in such emergency situations. These techniques should be
reserved as inal options and, when possible, should be performed
by practitioners experienced in their use.191 Direct visualization
of anatomic hallmarks during emergent cricothyroidotomy can
be extremely challenging in the obese patient. A novel technique
has recently been proposed, in which palpation of the cricothy
roid membrane can facilitate placement of an Eschmann stylet
preloaded with a tracheal tube be inserted using a Seldingerlike
technique.192

MORBIDITY AND MORTALITY
Postoperative morbidity is increased in obese patients but
whether or not there is increased mortality which is contro
versial.189,193,194 The most common postoperative complications
are respiratory (i.e., atelectasis, pneumonia), vascular (throm
bophlebitis, deep venous thrombosis) and wound (infection,
dehiscence) complications. In addition, rhabdomyolysis is more
common in morbidly obese patients undergoing laparoscopic
procedures when compared with the open procedure, espe
cially with prolonged procedures. The incidence of periopera
tive adverse events is strongly associated with preexisting disease

but not solely to BMI.195 For example, a patient with previously
diagnosed metabolic syndrome has signiicantly greater risk of
perioperative morbidity and mortality than an obese patient with
no metabolic syndrome features.196,197 Obese patients present a
higher risk of perioperative pulmonary complications, especially
if preoperative respiratory conditions (e.g., OSA) are present.112
Interestingly, the role of OSA on the incidence of postoperative
hypoxemia in morbidly obese patients after laparoscopic bariat
ric surgery has been recently questioned.180 Obesity increases the
risk of surgical site infections (SSIs).198,199 Some known contrib
uting factors are hyperglycemia or diabetes,199 longer duration of
surgical procedures,199 hypoperfusion or low tissue oxygen ten
sion,59,200 and low tissue antibiotic concentration. Morbid obesity
signiicantly increases the risk of postoperative thromboembolic
events, obesity, and OHS and/or OSA.79 A combination of pneu
matic compression devices, routine early ambulation, and careful
perioperative anticoagulation decrease the risk of thromboembo
lism.83 Because of the higher risk of postoperative complications
than in nonobese patients, the practice of performing surgery on
obese patients in an outpatient setting is controversial and a deci
sion should be individualized to each patient.112,181 Ambulatory
surgery is; however, becoming more accepted and considered safe
for selected patients and procedures.112,201
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