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The prevalence of signi®cant obesity continues to rise in
both developed and developing countries, and is associated
with an increased incidence of a wide spectrum of medical
and surgical pathologies35 (Table 1). As a result, the
anaesthetist can expect to be presented frequently with
obese patients in the operating theatre, intensive care unit or
resuscitation room. These patients may provide the anaesthetist with a considerable challenge. A thorough understanding of the pathophysiology and speci®c complications
associated with the condition should allow more effective
and safer treatment for this unique group of patients.

A BMI of <25 kg m±2 is considered normal; a person with a
BMI of 25±30 kg m±2 is considered overweight but at low
risk of serious medical complications, while those with a
BMI of >30, >35 and >55 kg m±2 are considered obese,
morbidly obese and super-morbidly obese, respectively.39
Morbidity and mortality rise sharply when the BMI is >30 kg
m±2.76 Although it is a very robust and practical assessment
of obesity, the BMI does have its limitations. For instance,
heavily muscled individuals would be classi®ed as overweight. It is now thought that other factors, such as young
age and the pattern of adipose tissue distribution, may be
better predictors of health risk.

De®nitions
Obesity is a condition of excessive body fat. The name is
derived from the Latin word obesus, which means fattened
by eating.69 The difference between normality and obesity is
arbitrary, but an individual must be considered obese when
the amount of fat tissue is increased to such an extent that
physical and mental health are affected and life expectancy
reduced.122 Examples of body fat contents in adults from
Western societies are 20±30% for the average female, 18±
25% for the average male, 10±12% for a professional soccer
player and 7% for a marathon runner.121
Accurate measurement of body fat content is dif®cult and
requires sophisticated techniques such as computed tomography (CT) scanning or magnetic resonance imaging.
Useful estimates, however, can be obtained by evaluating
weight for a given height and then comparing that ®gure
with an ideal weight. The concept of ideal body weight
(IBW) originates from life insurance studies which describe
the weight associated with the lowest mortality rate for a
given height and gender; for general clinical purposes, IBW
can be estimated from the formula IBW (in kg) = height
(in cm) ± x, where x is 100 for adult males and 105 for adult
females.
The body mass index (BMI) is a more robust measure of
the relationship between height and weight, and is widely
used in clinical and epidemiological studies. It is calculated
as follows:
BMI = body weight (in kg)/height2 (in metres)

Epidemiology
There is overwhelming evidence that the prevalence of
obesity is increasing worldwide. In 1997, an International
Obesity Task Force summarized information on the epidemiology of obesity.35 De®ning obesity as a BMI of >30
kg m±2, they concluded that the prevalence of obesity was
15±20% in Europe with wide regional variations. In the UK
over the period 1980±1991 the prevalence of obesity had
increased from 6% to 13% in men and from 8% to 15% in
women, meaning that the average UK body weight had risen
by approximately 1 kg over that 10 yr period. The picture
was better for Scandinavia and the Netherlands (10%) but
worse for Eastern Europe (up to 50% among women in
some countries). The health and economic implications are
considerable, since countries such as France, Germany and
the UK will each have approximately 10 million obese
inhabitants.35 The situation in the USA is even worse, with
the prevalence of a BMI of >25 kg m±2 being 59.4% for
men, 50.7% for women and 54.9% for adults overall.70
Furthermore, for the period 1960±1994, the prevalence of
obesity (BMI of >30 kg m±2) has increased markedly from
12.8% to 22.5%.
The prevalence of obesity varies with socioeconomic
status. In developed countries, poverty is associated with a
greater prevalence of obesity whereas in developing areas it
is af¯uence that carries the higher risk.147
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Table 1 Medical and surgical conditions associated with obesity
Category

Examples

Cardiovascular disease

Sudden (cardiac) death; obesity cardiomyopathy; hypertension; ischaemic heart disease; hyperlipidaemia;
cor pulmonale; cerebrovascular disease; peripheral vascular disease; varicose veins; deep-vein thrombosis and pulmonary embolism
Restrictive lung disease; obstructive sleep apnoea; obesity hypoventilation syndrome
Diabetes mellitus; Cushing's disease; hypothyroidism; infertility
Hiatus hernia; gallstones; inguinal hernia
Menstrual abnormalities; female urinary incontinence; renal calculi
Breast, prostate, colorectal, cervical and endometrial cancer
Osteoarthritis of weight-bearing joints, back pain

Respiratory disease
Endocrine disease
Gastrointestinal disease
Genitourinary
Malignancy
Musculoskeletal

Mortality
There is little evidence to suggest that being moderately
overweight (actual body weight 110±120% of IBW) carries
much excess risk in young adults,143 but morbidity and
mortality rise sharply when BMI is >30 kg m±2, particularly
with concomitant cigarette smoking. The risk of premature
death doubles in individuals with a BMI of >35 kg m±2.76
Sudden unexplained death is 13 times more likely in
morbidly obese women than in their non-obese counterparts.63 106 Overweight men participating in the
Framingham study82 had a mortality rate 3.9 times greater
than the normal weight group. Morbidly obese individuals
are at a much greater risk of mortality from diabetes,
cardiorespiratory62 and cerebrovascular disorders, and
certain forms of cancer,75as well as a host of other
diseases99 100 (Table 1). These risks are proportional to
the duration of obesity;121 it appears that continued weight
gain constitutes a higher risk than for obese individuals
whose weight is constant. For a given level of obesity, men
are at a higher risk than women,107 but for both groups
weight loss reduces the risk associated with previous
obesity. Despite this, weight reduction immediately before
surgery has not been shown to reduce perioperative
morbidity and mortality.67 142

Fig 1 Schematic representation of the effects of severe obesity on
functional residual capacity (FRC). Under normal circumstances the FRC
(and therefore the tidal excursion) is clear of the closing volume of the
lungs. Both anaesthesia and obesity are associated with a reduction in
FRC, resulting in airway closure and ventilation/perfusion mismatching
during normal tidal ventilation.

contribution to obesity. In 1994 the ob gene was identi®ed in
mice and was shown to control the production of the protein
leptin.21 171 Genetically obese ob/ob mice produce insuf®cient leptin and tend to overeat, leading to obesity.
Exogenous leptin reverses hyperphagia and induces weight
loss. Clinical studies, however, suggest that only very rarely
can such simple genetic defects in leptin production account
for signi®cant obesity.48 In fact, most obese individuals
have elevated leptin concentrations, probably a consequence of increased amounts of the source tissue, fat.
Furthermore, the rapid increase in the prevalence of obesity
over the last 30 years and the fact that the gene pool has
remained relatively constant suggest that environmental
issues are much more important determinants.

Aetiology

Obesity is a complex and multifactorial disease150 but, in
simple terms, occurs when net energy intake exceeds net
energy expenditure over a prolonged period of time.
However, it is not always easy to identify a single
explanation as to why this occurs in some individuals and
not others. The following observations provide some clues:

Genetic predisposition

Ethnic in¯uences

Obesity tends to be familial, with children of two obese
parents having about a 70% chance of becoming obese
themselves as compared with a 20% risk for children of nonobese parents. This can, in part, be explained by in¯uences
such as diet and lifestyle, but studies of adopted children
show weight patterns similar to those of their natural
parents, suggesting that a genetic component does exist.
Animal studies have con®rmed that there is a genetic

In the USA there are marked differences in the prevalence
of obesity in the different ethnic populations, with African
and Mexican Americans being at much higher risk than
white Americans. Asian immigrants to the UK have a more
central distribution of fat than native Caucasians; this is
associated with an increased risk of diabetes and coronary
heart disease.35
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Socioeconomic factors147

at a greater risk from cardiovascular disease, left ventricular
dysfunction and stroke.136 The mechanism for this increased
risk with intra-abdominal fat is not known, but one widely
held theory implicates the products of the breakdown of
visceral fat being delivered directly into the portal circulation and thereby inducing a signi®cant secondary metabolic
imbalance.121 Although the practical assessment of fat
distribution requires sophisticated imaging techniques, the
ratio of waist to hip circumference is a useful clinical
measure. In European descendants a waist:hip ratio of >1.0
in men and >0.85 in women would tend to suggest a higher
proportion of more centrally distributed fat.34

In the UK there is an inverse relationship between
socioeconomic status and the prevalence of obesity, with
women of social class I having a 10% risk as compared with
25% in social class V. Of women who move to a higher
social class on marriage, only 12% were overweight as
compared with 22% who moved to a lower social class.

Medical disorders
Endocrine abnormalities such as Cushing's disease or
hypothyroidism predispose to obesity. Patients with such
diseases are usually identi®ed quickly from symptoms other
than obesity, and appropriate medical therapy normally
corrects the problem. In the same way, certain drugsÐsuch
as corticosteroids, antidepressants and antihistaminesÐmay
also lead to weight gain.

Obesity and the respiratory system
Obstructive sleep apnoea
Approximately 5% of morbidly obese patients will have
obstructive sleep apnoea OSA, which is characterized by the
following features:10 95 121 169
(i) Frequent episodes of apnoea or hypopnoea during
sleep.161 An obstructive apnoeic episode is de®ned as
10 s or more of total cessation of air¯ow despite
continuous respiratory effort against a closed airway.
Hypopnoea is de®ned as 50% reduction in air¯ow or a
reduction suf®cient to lead to a 4% decrease in arterial
oxygen saturation.61 121 The number of episodes
thought to be clinically signi®cant is often quoted as
®ve or more per hour or >30 per night. The exact
numbers are rather arbitrary and it is obviously the
clinical sequelae, such as hypoxia, hypercapnia,
systemic and pulmonary hypertension and cardiac
arrhythmias, that are more important.
(ii) Snoring. This usually gets louder as the airway
obstructs, followed by silence, as air¯ow ceases, and
then gasping or choking, as the person rouses and
airway patency is restored.
(iii) Daytime symptoms: repeated episodes of fragmented
sleep throughout the night causes daytime sleepiness,
which is associated with impaired concentration,
memory problems and road traf®c accidents.124 The
patient may also complain of morning headaches
caused by nocturnal carbon dioxide retention and
cerebral vasodilation.
(iv) Physiological changes. Recurrent apnoea leads to
hypoxaemia, hypercapnia and pulmonary and systemic
vasoconstriction. Recurrent hypoxaemia leads to secondary polycythaemia and is associated with an
increased risk of ischaemic heart disease and cerebrovascular disease, while hypoxic pulmonary vasoconstriction leads to right ventricular failure.101 109

Energy balance
The total number of calories consumed and, particularly, the
dietary fat content, is the prime determinant of obesity (the
proportion of fat in the UK diet has increased from 20% to
40% over the last 50 years). Alcohol appears to play a key
role too, and may in¯uence the site of fat deposition,
encouraging central fat to be laid down.
Contrary to popular belief, obese people have a greater
energy expenditure than thin people as it takes more energy
to maintain their increased body size. Inactivity is usually
the result, but not necessarily the cause, of the obesity.
However, it has been shown that individuals who remain
active in their adult life do best at maintaining healthy
weight levels.
While an imbalance between energy intake and energy
expenditure is typical of obesity, the daily net calorie excess
may be quite modest. For instance, a typical weight gain of
20 kg over 10 years implies an initial daily energy excess of
30±40 kcal, the equivalent of less than half a sandwich.35

Distribution of body fat and health risk
It is now becoming clear that it is not only the amount of fat
that is important in determining risk, but also its anatomical
distribution.34 88 131 In the central or android type of
distribution, which is more common in males, fat is
predominantly distributed in the upper body and may be
associated with increased deposits of intra-abdominal or
visceral fat. In the peripheral or gynaecoid type, fat is more
typically distributed around the hips, buttocks or thighs; this
is the more usual female pattern of distribution.20 Central
adipose tissue is metabolically more active than fat in the
peripheral distribution and is associated with more metabolic complications such as dyslipidaemias, glucose intolerance and diabetes mellitus, and a higher incidence of
mortality from ischaemic heart disease.22 40 131 Morbidly
obese patients with a high proportion of visceral fat are also

Pathogenesis

Apnoea occurs when the pharyngeal airway collapses
during sleep. Pharyngeal patency depends on the action of
dilator muscles which prevent upper airway closure. This
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muscle tone is lost during sleep and, in many individuals,
this leads to signi®cant narrowing of the airway, causing
turbulent air¯ow and snoring.61 Increased inspiratory effort
and the response to hypoxia and hypercapnia lead to arousal
which, in turn, restores upper airway tone.51 101 The patient
then gasps, takes a few breaths and falls asleep again; the
cycle then restarts. Total occlusion can occur if the airway is
narrowed further, such as by enlarged pharyngeal soft
tissues or by a further reduction in muscle tone by drugs or
alcohol.120

the patency of the nostrils; (v) inspection of previous
anaesthetic charts and questioning the patient about previous
dif®culties, especially any episodes of upper airway
obstruction associated with anaesthesia or surgery (one
should always bear in mind that previous records of
uneventful anaesthetics may no longer be relevant and
new changes, such as further weight gain, pregnancy, head
and neck radiotherapy or development of signs and symptoms of upper airway obstruction, must be sought); (vi) a
systemic enquiry into features suggestive of obstructive
sleep apnoea syndrome, such as excessive snoring with or
without episodes of apnoea and daytime hypersomnolence.
These imply potential airway obstruction once the patient
has been rendered unconscious. These patients are particularly likely to present considerable airway dif®culties.
Further imaging of the airway with soft tissue X-rays and
CT scans along with consultation with an otolaryngologist
for direct or indirect laryngoscopy may provide useful
information about the airway if time is available preoperatively. If dif®cult intubation is envisaged, then an awake
®breoptic intubation should be considered and discussed
with the patient.

Risk factors

The main predisposing factors are male gender, middle age
and obesity, with other factors such as evening alcohol
or night sedation compounding the problem.61 Other
features that help to identify signi®cant OSA are a BMI
of >30 kg m±2, hypertension, observed episodes of apnoea
during sleep, collar size >16.5, polycythaemia, hypoxaemia/
hypercapnia and right ventricular hypertrophy or impairment on electrocardiography and echocardiography.121
De®nitive diagnosis is made by polysomnography in a
sleep laboratory.

Obesity hypoventilation syndrome

Obesity and gas exchange

The acid±base disturbance of OSA, i.e. respiratory acidosis,
is initially limited to sleep, with a return to homeostasis
during the day. However, a long-term consequence of OSA
is an alteration in the control of breathing, the characteristic
feature of which is central apnoeic events, that is, episodes
of apnoea without respiratory effort. Such episodes, which
are associated with a progressive desensitization of the
respiratory centres to (nocturnal) hypercapnia, are initially
limited to sleep, but eventually lead to type II respiratory
failure with an increasing reliance on hypoxic drive for
ventilation.121 At its worst, such obesity hypoventilation
culminates in Pickwickian syndrome, which is characterized by obesity, hypersomnolence, hypoxia, hypercapnia,
right ventricular failure and polycythaemia.47

Mass loading of the thoracic and abdominal components of
the chest wall in supine, awake obese subjects causes
abnormalities of both lung volumes and gas exchange. The
well recognized harmful effects of anaesthesia add signi®cantly to the derangement of gas exchange, thereby
explaining the problem in gas exchange commonly encountered when anaesthetizing obese patients.
Lung volume

Morbid obesity is associated with reductions in functional
residual capacity (FRC), expiratory reserve volume (ERV)
and total lung capacity,32 135 with FRC declining exponentially with increasing BMI.32 These changes have been
attributed to mass loading and splinting of the diaphragm.
FRC may be reduced in the upright obese patient to the
extent that it falls within the range of the closing capacity
with subsequent small airway closure,83 ventilation±
perfusion mismatch, right-to-left shunting and arterial
hypoxaemia.18 86 135 158 Anaesthesia compounds these
problems, such that a 50% reduction in observed FRC
occurs in the obese anaesthetized patient, as compared with
a 20% fall in anaesthetized non-obese subjects54 (Fig.1).
SoÈderberg and colleagues148 found an intrapulmonary shunt
of 10±25% in anaesthetized obese subjects and 2±5% in lean
individuals. FRC can be increased by ventilating with large
tidal volumes (e.g. 15±20 ml kg±1) although this has been
shown to improve arterial oxygen tension only minimally.24
In contrast, the addition of positive end-expiratory pressure
(PEEP) achieves an improvement in both FRC and arterial
oxygen tension but only at the expense of cardiac output and
oxygen delivery.121 127 139 Santesson detailed these perio-

Airway assessment
A careful and detailed assessment of the morbidly obese
patient's upper airway is required before they are anaesthetized. Dif®culties with mask ventilation and tracheal
intubation may be considerable,87 112 with the incidence of
dif®cult intubation being quoted at around 13%.44 These
problems are caused by features such as fat face and cheeks,
large breasts, short neck, large tongue, excessive palatal and
pharyngeal soft tissue, high and anterior larynx, restricted
mouth opening and limitation of cervical spine and atlantooccipital ¯exion and extension.40 43
Preoperative evaluation of the airway must include: (i)
assessment of head and neck ¯exion, extension and lateral
rotation; (ii) assessment of jaw mobility and mouth opening;
(iii) inspection of oropharnyx and dentition; (iv) checking
94
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Table 2 Perioperative changes in oxygenation, and the in¯uence of PEEP in patients undergoing bariatric surgery (from reference 139). IPPV = intermittent
positive pressure ventilation, PEEP = positive end expiratory pressure, DO2 = oxygen delivery, QT = cardiac output, QS/QT = stunt fraction, P(A±a)O2 =
alveolar arterial oxygen difference

Preoperative, air
IPPV, zero PEEP, FIO2=0.5
IPPV, 10 cm H2O PEEP, FIO2=0.5
IPPV, 15 cm H2O PEEP, FIO2=0.5

PaO 2 kPa

PaCO 2 kPa

P

10.961.1
14.062.7
15.863.0
21.567.2

4.660.3
4.560.5
4.560.3
4.360.3

3.561.1
28.462.6
26.763.0
21.267.1

A

perative changes in oxygenation in patients undergoing
bariatric surgery139 (Table 2). A modest defect in gas
exchange and increased shunt fraction preoperatively
deteriorate dramatically following induction of anaesthesia
and intubation. The addition of PEEP improves oxygenation
but leads to reductions in cardiac output and oxygen
delivery.
The reduction in FRC impairs the capacity of the obese
patient to tolerate periods of apnoea. Obese individuals
desaturate rapidly after induction of anaesthesia despite preoxygenation. This is a result of having a smaller oxygen
reservoir in their reduced FRC and an increase in oxygen
consumption.
Usually FRC is reduced as a consequence of a
reduction in ERV with residual volume (RV) remaining
within normal limits.135 However, in some obese
patients RV is increased suggesting gas trapping and
co-existing obstructive airways disease. Forced expiratory volume in 1 s and forced vital capacity are usually
within the predicted range, but 6±7% improvements
have been demonstrated after weight loss.81

aO 2 kPa

QT (litres min±1)

QS/QT (%)

DO 2 (ml min±1)

7.361.1
5.561.1
5.260.9
4.460.6

1064
2165
1763
1364

13466222
10396239
9966210
8626170

Lung compliance and resistance

Increasing BMI is associated with an exponential decline in
respiratory compliance; in severe cases, total compliance
can fall to 30% of predicted normal.129 Although accumulation of fat tissue in and around the chest wall leads to a
modest reduction in chest wall compliance, recent work
suggests that the decrease in total compliance is principally
a consequence of a decrease in lung compliance, this in turn
being the result of an increased pulmonary blood
volume.113 128 Reduced compliance is associated with a
decrease in the FRC, encroachment on the closing volume
and impairment of gas exchange.158 164 Signi®cant obesity
is also associated with an increase in total respiratory
resistance; once again this is largely a result of an increase in
lung resistance.128 129 This derangement of lung compliance and resistance results in a shallow and rapid pattern of
breathing, increases the work of breathing and limits the
maximum ventilatory capacity. As might be anticipated,
these changes are even more marked upon assumption of the
supine position.
Respiratory ef®ciency and work of breathing

Oxygen consumption and carbon dioxide production are
increased in the obese as a result of the metabolic activity of
the excess fat and the increased workload on supportive
tissues.113 135 Basal metabolic activity as related to body
surface area is usually within normal limits. Normocapnia is
maintained usually by an increase in the minute ventilation,
which in turn leads to an increased oxygen cost of
breathing.90 However, most obese patients retain the normal
response to hypoxaemia and hypercapnia. In exercise,
oxygen consumption rises more sharply than in non-obese
subjects, which implies respiratory muscle inef®ciency.121

As implied in the previous section, the combination of
increased mechanical pressure from the abdomen, reduction
in pulmonary compliance and increase in the metabolic
demands of the respiratory musculature result in respiratory
muscle inef®ciency and an increase in the work of
breathing. In normocapnic obese individuals at rest, this
may be re¯ected in a modest 30% increase in the work of
breathing, although such respiratory muscle inef®ciency
may limit the maximum ventilatory capacity and lead to
relative hypoventilation at times of high metabolic activity.
In the obese individual with established daytime hypoventilation syndrome, work of breathing may approach four
times that predicted.

Gas exchange

Implications for anaesthesia

Oxygen consumption and carbon dioxide production

Morbidly obese individuals usually have only a modest
defect in gas exchange preoperatively with a reduction in
PaO2127 and increases in alveolar-to-arterial oxygen difference and shunt fraction. These deteriorate markedly on
induction of anaesthesia and high inspired fractions of
oxygen are required to maintain adequate arterial oxygen
tensions. As previously stated, PEEP improves the PaO2 but
only at the expense of cardiac output and oxygen
delivery.139

Preoperative assessment should include full blood count (to
exclude polycythaemia), chest X-ray, supine and upright
arterial blood gases, lung function tests and overnight
oximetry. Patients with symptoms of signi®cant OSA
should be considered for polysomnography and may bene®t
preoperatively from measures designed to combat nocturnal
airway obstruction, such as nocturnal nasal continuous
positive airway pressure (CPAP) or bilevel-positive airway
pressure (BIPAP).141 The anaesthetist should also assess the
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patient's ability to breathe deeply and should check that the
nostrils are patent. Speci®c risks should be explained to the
patient, and the possibilities of awake intubation, postoperative ventilation and even tracheostomy discussed.40
Tracheal intubation and positive pressure ventilation are
mandatory in the morbidly obese patient. The choice
between awake and asleep intubation is dif®cult, and
depends upon the anticipated dif®culties in a particular
patient along with the experience of the anaesthetist.40
Some authors recommend awake intubation when actual
body weight is >175% of IBW.43 Signi®cant OSA symptoms indicate altered upper airway morphology and make
control of bag and mask airway more dif®cult; some
authorities would, therefore, advocate awake intubation in
these patients. Another approach is gently to attempt direct
larngoscopy after anaesthetizing the pharnyx with local
anaesthetic; if the laryngeal structures cannot be visualized,
then awake ®breoptic intubation is the safest course of
action. Blind nasal intubation has been advocated by some,
but should be avoided by all but those very skilled in the
technique, as epistaxis and subsequent deterioration in
intubating conditions are very real possibilities.
Induction of anaesthesia is likely to be a particularly
hazardous time for the patient with an increased risk of
dif®cult or failed intubation.43 156 167 Bag and mask
ventilation is likely to be dif®cult because of upper airway
obstruction and reduced pulmonary compliance. Gastric
insuf¯ation during ineffective mask ventilation will further
increase the risk of regurgitation and aspiration of stomach
contents.
Apart from awake ®breoptic intubation, the safest
technique is a rapid sequence induction using succinylcholine following a period of adequate preoxygenation. It is
essential to have skilled anaesthetic assistance together with
adequate numbers of staff in order to turn the patient should
the need arise. A full range of aids for a dif®cult intubation
should be available, and should include short-handled, polio
blade and McCoy laryngoscopes, a gum elastic bougie and
standard and intubating laryngeal mask airways. Equipment
for cricothyroidotomy and transtracheal ventilation should
also be available. Correct position of the tracheal tube must
be con®rmed by both auscultation and capnography. It is
highly desirable to have the services of another experienced
anaesthetist throughout the induction period rather than
having to wait for assistance if dif®culty is encountered.
Periods of hypoxaemia and hypercapnia may increase
pulmonary vascular resistance and precipitate right heart
failure. Obese patients should not be allowed to breathe
spontaneously under anaesthesia, as hypoventilation is
likely to occur, with consequent hypoxia and hypercapnia.
Further respiratory embarrassment will occur if the patient
is placed in the lithotomy or Trendelenburg position and
these should be avoided if at all possible.121 138 The obese
patient will require mechanical ventilation with high
inspired oxygen fractions, possibly with the addition of
PEEP to maintain an adequate arterial oxygen tension; a

ventilator of suf®cient power and sophistication is, therefore, required. End-tidal capnography is a poor guide to
adequacy of ventilation in the obese patient because of the
alveolar-to-arterial difference in carbon dioxide in these
patients. Instead, serial arterial blood gas analysis should be
used to assess adequacy of minute ventilation.
Pulmonary complications are more common in obese
patients,125 148 156 but BMI and preoperative lung function
tests are not accurate predictors of postoperative problems.142 Obese patients may be more sensitive to the effects
of sedative drugs, opioid analgesics and anaesthetic drugs,
so they may bene®t from a period of postoperative
ventilation to allow safe elimination of residual anaesthetic
or sedative agents. Although technically challenging,
regional anaesthetic techniques, such as peripheral nerve
and thoracolumbar epidural blockade, may help to attenuate
many of these problems.134 Postoperative ventilation is
more likely to be required in obese patients who have
coexisting cardiorespiratory disease or carbon dioxide
retention and in those who have undergone prolonged
procedures or who have developed pyrexia after the
operation.52
The trachea should only be extubated when the patient is
fully awake and transferred to the recovery room sitting up
at 45°.160 Humidi®ed supplemental oxygen should be
administered immediately, and chest physiotherapy commenced soon after the operation. Some obese patients,
particularly those with a history of OSA, may bene®t from
nocturnal nasal CPAP. Episodes of OSA are most frequent
during rapid eye movement (REM) sleep, the extent of
which is relatively low in the initial postoperative period,
but in excess on the third to ®fth postoperative nights.121
The hazards of OSA may, therefore, be at their worst some
days after surgery; this has obvious implications for the
duration of postoperative oximetry and oxygen therapy.

Obesity and the cardiovascular system
Cardiovascular disease dominates the morbidity and mortality in obesity and manifests itself in the form of ischaemic
heart disease, hypertension and cardiac failure. A recent
Scottish health survey found the prevalence of any
cardiovascular disease was 37% in adults with a BMI of
>30 kg m±2, 21% in those with a BMI of 25±30 kg m±2 and
only 10% in those with a BMI of <25 kg m±2.111 All
morbidly obese patients presenting for anaesthesia should
be investigated extensively for cardiovascular complications preoperatively and certain patients should be referred
to a cardiologist for further optimization.

Cardiovascular derangement
Hypertension

Mild to moderate hypertension is seen in 50±60% of obese
patients and severe hypertension in 5±10%,7 with a 3±4 mm
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Hg increase in systolic and a 2 mm Hg increase in diastolic
arterial pressure for every 10 kg of weight gained.33 An
expansion of the extracellular volume, resulting in
hypervolaemia, and an increase in cardiac output are
characteristic of obesity-induced hypertension. The exact
mechanism for hypertension in the obese is not known, and
probably represents an interaction between genetic, hormonal, renal and haemodynamic factors. Hyperinsulinaemia,
which is characteristic of obesity, can contribute by
activating the sympathetic nervous system and by causing
sodium retention. In addition, insulin resistance may be
responsible for the enhancement in pressor activity of
norepinephrine and angiotensin II.119
Hypertension per se leads to concentric left ventricular
hypertrophy and a progressively non-compliant left ventricle which, when added to the increased blood volume,
increases the risk of cardiac failure.12±14 16 121
Weight loss has been shown to reduce hypertension in the
obese.8 14 19 26 71 105

associated with conduction abnormalities and arrhythmias.17 There is a linear relationship between cardiac
weight and body weight up to 105 kg, after which cardiac
weight continues to increase, but at a slower rate.63 144 The
increase in heart weight is a consequence of dilation and
eccentric hypertrophy of the left and, to a lesser extent, the
right ventricle.63 165
Otherwise healthy obese individuals demonstrate an
increased cardiac output, elevated left ventricular enddiastolic pressure (LVEDP) and left ventricular hypertrophy
on echocardiography. Left ventricle systolic function is also
impaired,4 13 especially during exercise, when the ejection
fraction rises to a lesser extent, and more slowly, than in
lean individuals.5 11 68
The pathophysiology of obesity-induced cardiomyopathy
is now well de®ned,10 63 121 largely as a result of studies in
non-hypertensive individuals awaiting bariatric surgery (of
some importance since the general morbidly obese population may be somewhat less ®t then this preselected group).
Figure 2 outlines the aetiology of obesity cardiomyopathy
and its interaction with hypertension, ischaemic heart
disease and respiratory disease. Obesity is associated with
an increase in blood volume9 and cardiac output,10 the latter
rising by 20±30 ml per kilogram of excess body fat. The
increase in cardiac output is largely a result of ventricular
dilation and an increase in stroke volume.7 10 The
ventricular dilation results in increased left ventricle wall
stress, leading to hypertrophy.10 17 118 Such eccentric left
ventricular hypertrophy results in reduced compliance and
left ventricular diastolic function, i.e. impairment of
ventricular ®lling, leading to elevated LVEDP and pulmonary oedema.10 13 16 29 57 58 The capacity of the dilated
ventricle to hypertrophy is limited so, when left ventricular
wall thickening fails to keep pace with dilation,
systolic dysfunction ensues (`obesity cardiomyopathy').10 14 16 89 98 The problem is often compounded by
superimposed hypertension and ischaemic heart disease.
Ventricular hypertrophy and dysfunction worsen with
increasing duration of obesity and improve to some extent
with weight loss.5 8 12 14 15
The morbidly obese tolerate exercise badly11 with any
increase in cardiac output being achieved by increasing
the heart rate, without an increase in stroke volume or
ejection fraction. This is often accompanied by an
increase in the ®lling pressures.7 In the same way,
changing position from sitting to supine is associated
with signi®cant increases in cardiac output, pulmonary
capillary wedge pressure and mean pulmonary artery
pressure, together with reductions in heart rate and
peripheral resistance.126

Ischaemic heart disease

It is now generally accepted that obesity is an independent
risk factor for ischaemic heart disease63 89 100 and is more
common in those obese individuals with a central distribution of fat.10 Other factors such as hypertension, diabetes
mellitus, hypercholesterolaemia and reduced high density
lipoprotein levels, which are all common in the obese, will
compound the problem.116 Interestingly, 40% of obese
patients with angina do not have demonstrable coronary
artery disease;111 in other words, angina may be a direct
symptom of obesity.
Blood volume

Total blood volume is increased in the obese but on a
volume/weight basis is less than that in non-obese individuals (50 ml kg±1 compared with 75 ml kg±1),23 with most of
this extra volume being distributed to the fat organ.6
Splanchnic blood ¯ow is increased by 20% whereas renal
and cerebral blood ¯ow are normal.9
Cardiac arrhythmias

Arrhythmias may be precipitated in the obese by a number
of factors: hypoxia, hypercapnia, electrolyte disturbance
caused by diuretic therapy, coronary artery disease,
increased circulating catecholamine concentrations, OSA,
myocardial hypertrophy and fatty in®ltration of the conduction system.30 89 113 142 154
Cardiac function

The morbidly obese individual is at risk of a speci®c form of
obesity-induced cardiac dysfunction, although the belief
that this is secondary to fatty in®ltration of the heart (`cor
adiposum') is no longer valid.6 17 Autopsy studies have
shown that, although increases in epicardial fat are common,
fatty in®ltration of the myocardium is uncommon and seems
to affect mainly the right ventricle, the latter possibly being

Clinical features
Morbidly obese subjects often have very limited mobility
and may, therefore, appear to be asymptomatic even when
they have signi®cant cardiovascular disease. Symptoms
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Fig 2 The aetiology of obesity cardiomyopathy, and its association with right-sided heart failure, systemic hypertension and ischaemic heart disease.
LV, left ventricular; RV, right ventricular.

such as angina or exertional dyspnoea may occur only very
occasionally, but actually coincide with most periods of
signi®cant physical activity. Many individuals will prefer to
sleep upright in a chair, and therefore deny the symptoms of
orthopnoea and paroxysmal nocturnal dyspnoea. Asking the
patient to walk the length of the ward may reveal a markedly
reduced exercise tolerance, and assuming the supine
position may produce signi®cant orthopnoea and even
cardiac arrest.153 The patient should have a detailed and
thorough cardiovascular examination, looking in particular
for evidence of hypertension (with an appropriately sized
blood pressure cuff) and cardiac failure. Signs of cardiac
failure, such as raised jugular venous pressure, added heart
sounds, pulmonary crackles, hepatomegaly and peripheral
oedema, may all be dif®cult to elicit in the morbidly obese
subject, and investigations are indicated.

information, with eccentric left ventricular hypertrophy
suggesting signi®cant obesity-induced changes even if
ventricular function appears normal. Transoesophageal
echocardiography may provide better images, especially
of the left side of the heart, although is obviously more
invasive. Testing of exercise tolerance is likely to be
impossible if coronary artery disease is suspected. If time is
available, the patient should be referred to a cardiologist for
further investigation and optimization, such as control of
blood pressure, treatment of heart failure or coronary
angioplasty.

Anaesthetic implications
In the presence of respiratory disease, ventricular impairment is almost inevitable, but its severity may be underestimated by clinical evaluation. Rapid weight gain
preoperatively may indicate worsening cardiac failure,
although weight gain once a person has been accepted for
bariatric surgery is well recognized.59 140 Intraoperative
ventricular failure may occur for a variety of reasons,
including rapid intravenous ¯uid administration (indicating
left ventricular diastolic dysfunction), negative inotropy of
anaesthetic agents or pulmonary hypertension precipitated
by hypoxia or hypercapnia. The anaesthetist should always
have a selection of inotropes and vasodilators to hand.

Investigations
An electrocardiogram is mandatory preoperatively. It may
be of low voltage because of the excess overlying tissue and
as such might underestimate the severity of ventricular
hypertrophy. Axis deviation and atrial tachyarrhythmias are
relatively common. Chest radiography may reveal cardiomegaly suggestive of cardiac failure, but is often normal.
Echocardiography may be dif®cult, but can provide useful
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This group of patients is also at increased risk of
postoperative wound infection and may require prophylactic
antibiotics. This should be discussed with the surgeon and
also a microbiologist if appropriate.

Cardiac performance is likely to deteriorate following
induction of anaesthesia and tracheal intubation in the obese
patient.4 In one study of obese individuals undergoing
abdominal surgery, cardiac index fell by 17±33% after
induction and intubation, compared with a fall of 4±11% in
lean controls. This derangement persisted postoperatively,
with the cardiac index 13±23% less than preoperative
control values in the obese group, whereas in lean controls
cardiac performance returned to normal.4
An arterial line will allow accurate monitoring of arterial
pressure and regular blood gas analysis. Central venous
pressure monitoring is desirable as it allows some assessment of cardiac function and can be used for inotrope
infusions in case of deteriorating cardiac performance.44
Patients with documented cardiac failure may bene®t from
the use of a pulmonary artery ¯otation catheter.

Positioning and transfer

Most operating tables are designed for patients of up to 120±
140 kg in weight. Exceeding this limit may put the patient
and staff at risk. Specially designed tables may be required,
or two normal tables may be placed side by side.52
The patient should be anaesthetized on the operating table
in the operating theatre to avoid unnecessary transfer from
the anaesthetic room and the associated risks to both patient
and staff. Once the patient is in position, particular care
should be paid to protecting pressure areas, as the risk of
pressure sores and neural injuries96 is greater in the obese.
Compression of the inferior vena cava must be avoided by
left lateral tilt of the operating table or by placing a wedge
under the patient. Some obese patients are best positioned in
the lateral decubitus position so as to reduce the amount of
weight loading on the chest.
Transfer of the obese patient around the hospital is
probably best done on their own hospital bed, as normal
theatre trolleys are likely to be inadequate for the purpose.
Appropriate manpower should always be available when
moving morbidly obese patients and local lifting policies
should be adhered to.

Practical considerations
Premedication

Opioid and sedative drugs may cause respiratory depression
in the morbidly obese156 and are probably best avoided,
although one study failed to demonstrate an increased risk
of oxyhaemoglobin desaturation with benzodiazepines.31
The intramuscular and subcutaneous routes should be
avoided, since absorption is very unreliable.52 156 If
awake ®breoptic intubation is being considered, then an
antisialogogue may be appropriate.
All morbidly obese patients should receive prophylaxis
against acid aspiration even if they do not declare any
symptoms of heartburn or re¯ux.44 52 156 162 A combination
of an H2 blocker (e.g. ranitidine 150 mg orally) and a
prokinetic (e.g. metoclopramide 10 mg orally) given 12 h
and 2 h before surgery will reduce the risk of aspiration
pneumonitis. Some anaesthetists also advocate giving 30 ml
of 0.3 M citrate immediately before induction as an extra
precaution.
Most of the patient's usual medications, such as
cardiovascular drugs and steroids, should be continued as
normal until the time of surgery, although it is recommended that angiotensin converting enzyme inhibitors be
stopped on the day before surgery as their continuation can
lead to profound hypotension during anaesthesia.
If the patient is diabetic, a dextrose±insulin regimen will
be required for all but the shortest procedures. Insulin
requirements are likely to increase postoperatively. Expert
advice from a diabetologist may be helpful.
Morbidly obese patients are more likely to be immobile
postoperatively and are at increased risk of deep-vein
thrombosis. Low-dose subcutaneous heparin should be
given as prophylaxis and continued into the postoperative
phase until the patient is fully mobile. Other antiembolic
measures, such as pneumatic leggings or graded compression stockings, should be used wherever possible but may be
dif®cult to ®t in larger patients.

Intravenous access

This may be a problem because of excessive subcutaneous
tissue. Many anaesthetists would advocate establishing
central venous access, but this in itself can be dif®cult. Use
of portable ultrasound equipment may improve success.
Monitoring

Invasive arterial pressure monitoring has been advocated for
all but the most minor procedures in the morbidly
obese.44 52 If a non-invasive cuff is to be used, it should
be of an appropriate size, as standard cuffs will tend
to over-estimate the arterial pressure. Pulse oximetry,
electrocardiography, capnography and monitoring of
neuromuscular block are all mandatory. Use of central
venous and pulmonary artery ¯otation catheters should be
considered in patients undergoing extensive surgery or those
with serious cardiorespiratory disease.
Regional anaesthesia

The use of regional anaesthesia in the obese reduces the
risks from dif®cult intubation and acid aspiration and also
provides safer and more effective postoperative analgesia.142 For thoracic and abdominal procedures, most
anaesthetists advocate the use of combined epidural and
general anaesthesia. This has advantages over general
anaesthesia alone, including reduced opioid and potent
inhalational anaesthetic requirements,44 72 earlier tracheal
extubation,77 156 reduced postoperative pulmonary complications44 72 and improved postoperative analgesia, allowing
more rigorous physiotherapy and a better cough.134
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Regional anaesthesia in the obese can be technically
challenging because of dif®culties in identifying the usual
bony landmarks. Epidural and spinal anaesthesia may be
made easier by sitting the patient upright and by using
longer needles.44 Ultrasound has been successfully used in
the obese to identify the epidural space and to guide the
Tuohy needle into position.163 Some anaesthetists would
advocate the siting of epidural catheters on the evening
before surgery to save time the next day, and also to allow
heparin prophylaxis to be given on the morning of surgery.
In the same way, peripheral nerve blockade may be made
easier and safer by the use of insulated needles and a nerve
stimulator.64
Local anaesthetic requirements for epidural and spinal
anaesthesia are reduced to 75±80% of normal in the
morbidly obese, since fatty in®ltration and the increased
blood volume caused by increased intra-abdominal pressure
reduce the volume of the epidural space.44 151 This can lead
to an unpredictable spread of local anaesthetic and variability in block height.85 132 Blocks extending above T5 risk
respiratory compromise, and cardiovascular collapse secondary to autonomic blockade.123 For these reasons, the
anaesthetist must always be prepared to convert to general
anaesthesia and have the necessary equipment and assistance immediately to hand.

Considerations in obstetrics

Systemic analgesia

Solutions

The use of opioid analgesics may be hazardous in the obese.
The intramuscular route is not recommended as it is
unpredictable and has been shown to provide poorer
analgesia than other routes.41 134 If the intravenous route
is to be used, then a patient-controlled analgesia system
(PCAS) is probably the best option.25 PCAS has been shown
to provide effective analgesia in the obese, although
respiratory depression has been reported.155 Doses should
be based on IBW.142 Supplemental oxygen and close
observation, including pulse oximetry monitoring, are
recommended.
Postoperative epidural analgesia, using opioids or local
anaesthetic solutions, may provide the most effective and
safest analgesia for the obese patient.142 The epidural route
for opioid administration is preferred over other routes
because it produces less drowsiness, nausea and respiratory
depression, earlier normalization of bowel motility, improved pulmonary function and reduced hospital
stay.41 72 134 As a result of the potential for delayed onset
respiratory depression, supplemental parenteral opioids
should probably be avoided. Continuous epidural analgesia
with local anaesthetics has been shown to have a bene®cial
effect on cardiovascular function, with a reduction in left
ventricular stroke work,77 although an associated motor
block will delay ambulation.
All of the above regimens can be supplemented with oral
analgesics such as paracetamol or non-steroidal antiin¯ammatory drugs if appropriate.

The obese pregnant patient presents particular dif®culties,
which include: (i) increased risk of chronic hypertension,
pre-eclampsia and diabetes;3 87 (ii) higher incidence of
dif®cult labour with increased likelihood of instrumental
delivery and Caesarean section;87 132 (iii) Caesarean section
operations tend to be longer130 with a higher incidence of
postoperative complications, including greater blood loss,
deep-vein thrombosis and wound infection or dehiscence;87
(iv) increased risk of anaesthesia-related morbidity and
mortality during Caesarean section and in particular,
increased risk of failed intubation and gastric aspiration
during procedures under general anaesthesia;87 (v) increased incidence of multiple, failed attempts at epidural
siting;87 132 (vi) increased risk of fetal morbidity and
mortality, with some studies showing an increased incidence of fetal distress;87 (vii) supine and Trendelenburg
positions further reduce FRC, increasing the possibility of
hypoxaemia; (viii) some studies show a greater cephalad
spread of local anaesthetic during spinal and epidural
anaesthesia;84 (ix) loss of intercostal muscle function during
spinal anaesthesia leading to respiratory dif®culty; (x)
possible severe reduction in cardiac output with general
anaesthesia, related to profound aorto-caval compression
and the use of PEEP.
If at all possible, general anaesthesia should be avoided in
the pregnant obese patient. If it is absolutely essential, then a
dif®cult intubation should be anticipated and the appropriate
assistance and equipment made readily available. If time is
available, an awake ®breoptic intubation should be considered. A clear action plan must have been formulated for
the possibility of a failed intubation. The mother's safety
must come ®rst; if a failed intubation is deemed likely, then
a rapid sequence induction should not be considered.
Siting an epidural catheter early in labour allows the
anaesthetist to establish good analgesia in a calm and
controlled atmosphere rather than having to rush in the
event of an emergency situation.87 Epidural analgesia can
be supplemented for operative procedures and may reduce
the likelihood of post-partum deep-vein thrombosis.
`Single-shot' spinal anaesthesia may be inadequate for a
prolonged Caesarean section, so consideration should be
given to a combined spinal±epidural technique if a
subarachnoid block is favoured. Local anaesthetic requirements may be reduced by up to 25% in the obese pregnant
state.

Anaesthesia and the obese child
Overweight children become obese adults. It appears that
body fat distribution is more important than percentage
body fat in determining cardiovascular risk factors for later
life.55 73 In a 57 yr follow-up study, all-cause and
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cardiovascular mortality was greater for adults who had had
a higher childhood BMI.80 92
The child with Prader±Willi syndrome is likely to present
a particular challenge to the anaesthetist.56 Features of the
syndrome include hypotonia, mental retardation, obesity,
diabetes mellitus, scoliosis and sleep apnoea (which may
worsen postoperatively). Cardiovascular disturbance
(hypertension, arrhythmias), restrictive pulmonary defects
and thermoregulatory abnormalities have also been described. It would seem prudent that these children should be
anaesthetized in specialist centres that have experience of
the condition.

Laparoscopic procedures in the obese
Despite the expected diaphragmatic splinting and reduction
in FRC, obese patients seem to tolerate laparoscopic
procedures relatively well. Dumont and colleagues64 studied the respiratory mechanics and arterial blood gases in 15
morbidly obese patients undergoing laparoscopic gastroplasty. They showed that abdominal insuf¯ation to 2.26 kPa
led to a 31% decrease in respiratory compliance, increases
of 17% and 32% in peak and plateau airway pressures (at
constant tidal volume), signi®cant hypercapnia but no
change in arterial oxygen saturation. Pulmonary compliance
and insuf¯ation pressures returned to baseline values after
abdominal de¯ation and the procedures were well tolerated.
Similarly, Juvin and colleagues97 demonstrated that obese
patients undergoing laparoscopic gastroplasty had signi®cantly reduced analgesic requirements, were able to walk
sooner and had a shorter hospital stay than a comparable
group of patients who had had an open procedure.
Laparoscopy for gastroplasty may improve the immediate
postoperative course but the anaesthetist must be aware that
Trendelenburg and reverse Trendelenburg positions are
likely to be poorly tolerated and that hypercarbia may cause
arrhythmias and cardiovascular instability during the procedure.

Obesity and gastrointestinal disorders
It is commonly believed that combination of increased intraabdominal pressure, high volume and low pH of gastric
contents,159 delayed gastric emptying and an increased
incidence of hiatus hernia and gastro-oesophageal re¯ux
place the obese patient at a higher risk of aspiration of
gastric content followed by aspiration pneumonitis. Recent
studies, however, have challenged this contention. Zacchi
and colleagues170 showed that obese patients without
symptoms of gastro-oesophageal re¯ux have a resistance
gradient between the stomach and the gastro-oesophageal
junction similar to that in non-obese subjects in both the
lying and sitting positions. Although obese individuals have
a 75% greater gastric volume than normal individuals,
recent work has shown that gastric emptying is actually
faster in the obese, especially with high-energy content

intake such as fatty emulsions. However, as a result of the
larger gastric volume, the residual volume is larger in obese
individuals.168 Both the faster gastric emptying and the
larger gastric volume can be partially reversed by weight
loss.152 Despite such con¯icting evidence, it is sensible to
take precautions against acid aspiration. This includes the
use of H2 receptor antagonists,162 antacids and prokinetics;
rapid sequence induction with cricoid pressure and tracheal
extubation with the patient fully awake.121

Diabetes mellitus
Obesity is an important independent risk factor for type II or
maturity-onset diabetes mellitus. Some studies show a
>10% incidence of an abnormal glucose tolerance test in
patients undergoing bariatric surgery.121 All obese patients
should have a random blood sugar test performed
preoperatively and, if indicated, a glucose tolerance test.
The catabolic response to surgery may necessitate the use of
insulin postoperatively to control glucose concentrations.
Failure to control blood glucose concentrations adequately
will render the patient more susceptible to wound infections
and will increase the risk of myocardial infarction during
periods of myocardial ischaemia.133

Thromboembolic disease
The risk of deep-vein thrombosis in obese patients undergoing non-malignant abdominal surgery is approximately
twice that of lean patients (48% vs 23%), with a similar
increased risk of pulmonary embolus.50 121 It is the
commonest complication of bariatric surgery, with the
incidence reported to be between 2.4% and 4.5%.60 66 121
The increased risk of thromboembolic disease in obese
patients is likely to result from prolonged immobilization
leading to venous stasis, polycythaemia, increased abdominal pressure with increased pressure in the deep venous
channels of the lower limb, cardiac failure and decreased
®brinolytic activity with increased ®brinogen concentrations. Measures to prevent venous thromboembolism should
always be taken.

Drug handling in obesity
The physiological changes associated with obesity lead
to alterations in the distribution, binding and elimination
of many drugs.1 2 115 The net phamacokinetic effect in
any patient is often uncertain, making monitoring of
clinical end-points (such as heart rate, arterial pressure
and sedation) and serum concentrations of drugs more
important than empirical drug dosing based on published
data.115 142 For drugs with narrow therapeutic indices
(e.g. aminophylline, aminoglycosides or digoxin), toxic
reactions may occur if patients are dosed according to
their actual body weight.1 2 49 115
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Absorption
Oral absorption of drugs remains essentially unchanged in
the obese patient.49

Volume of distribution
Factors that affect the apparent volume of distribution (Vd)
of a drug in the obese include the size of the fat organ,
increased lean body mass, increased blood volume and
cardiac output, reduced total body water, alterations in
plasma protein binding and the lipophilicity of the drug.36
Thiopental, for instance, has an increased Vd because of its
highly lipophilic nature and also because of the increased
blood volume, cardiac output and muscle mass.117
Therefore the absolute dose should be increased, even
though on a weight-for-weight basis the dose required will
be less than that for a lean individual. An increase in the
volume of distribution will reduce the elimination half-life
unless the clearance is increased.1 2 With thiopental and
other lipophilic drugs (such as benzodiazepines or potent
inhalational anaesthetic agents), effects may persist for
some time after discontinuation.
There may be variable effects of obesity on the protein
binding of some drugs. The increased concentrations of
triglycerides, lipoproteins, cholesterol and free fatty acids
may inhibit protein binding of some drugs, and so increase
free plasma concentrations.166 In contrast, increased concentrations of a1 acid glycoprotein may increase the degree
of protein binding of other drugs (e.g. local anaesthetics), so
reducing the free plasma fraction.

Elimination
Although histological abnormalities of the liver are relatively common, hepatic clearance is usually not reduced in
the obese. Phase I reactions (oxidation, reduction and
hydrolysis) are usually normal or increased in obesity,
whereas metabolism of some drugs by phase II reactions
(e.g. lorazepam) is consistently increased. Cardiac failure
and reduced liver blood ¯ow may slow the elimination of
drugs that are rapidly eliminated by the liver (e.g.
midazolam or lidocaine).115
Renal clearance increases in obesity because of the
increased renal blood ¯ow and glomerular ®ltration rate.115
In obese patients with renal dysfunction, estimates of the
creatinine clearance from standard formulae tend to be
inaccurate and dosing regimens for renally excreted drugs
should be based instead on measured creatinine clearance.146

Inhalational anaesthetics
The traditional theory that slow emergence from anaesthesia
in morbidly obese patients is a result of delayed release of
volatile agent from excessive adipose tissue has been
challenged.108 Reductions in blood ¯ow to the fat organ may

limit the delivery of volatile agents to fat stores, with the
slow emergence more probably resulting from increased
central sensitivity. In fact, some studies demonstrate
comparable recovery times in obese and lean subjects for
anaesthesia lasting 2±4 h.53
Obese patients may be more susceptible to the ill-effects
of altered hepatic metabolism of volatile agents. Plasma
concentrations of bromide, a marker of reductive and
oxidative metabolism of halothane, are increased in obese
patients.121 Increased reductive metabolism may be an
important factor in the development of liver injury after
exposure to halothane, and this may be more likely in obese
individuals at risk from hypoxaemia and reduced liver blood
¯ow. Concentrations of inorganic free ¯uoride ions are
higher in obese patients following exposure to halothane or
en¯urane, increasing the risk of nephrotoxicity.27 28 This
does not appear to be the case with sevo¯urane, despite its
signi®cant hepatic metabolism.74 Fluoride concentrations
are not signi®cantly increased after iso¯urane anaesthesia,149 so this remains the inhalational agent of choice for
many anaesthetists. Although its rapid elimination and
analgesic properties render nitrous oxide potentially attractive, its usefulness is limited by the high oxygen demands of
many morbidly obese patients. The in¯uence of obesity on
the pharmacokinetics of commonly used anaesthetic drugs
is summarized in Table 3.

Trauma and the obese patient
It is a widely held belief that the outcome of trauma in obese
patients is poor, but data to support this are scarce.
Boulanger and colleagues examined retrospectively the
pattern of blunt trauma in obese and non-obese individuals
over a 4 yr period.37 The obese group tended to be involved
more in car crashes (62.7% vs 54.1%) and to have better
GCS scores, and they were more likely to have rib fractures,
pulmonary contusions, pelvic fractures and extremity fractures. They were less likely to have suffered head trauma or
liver injuries. Smith-Choban and colleagues reported an
eight-fold increase in mortality following blunt trauma in
morbidly obese patients compared with the non-obese.145
The metabolic response to severe trauma appears to be
different in obese and non-obese subjects. Jeevanandam and
colleagues93 showed that traumatized obese patients
mobilized relatively more protein and less fat than nonobese victims. In other words, they were unable to use their
most abundant fuel source. They suggest that the nutritional
management of obese trauma victims should provide
enough glucose calories to spare protein.
Care of the morbidly obese trauma victim in the
resuscitation room is likely to prove dif®cult. Given the
high probability of underlying cardiorespiratory impairment, such patients are likely to require high inspired
oxygen fractions, early intubation and respiratory support,
meticulous ¯uid resuscitation with invasive monitoring, and
adequate personnel to transport them around the emergency
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Table 3 In¯uence of obesity on the pharmacokinetics of anaesthetic drugs (adapted from reference 143). TBW=total body weight, LBW=lean body weight,
MAC = minimum alveolar concentration
Drug
Hypnotics
Thiopental
Propofol
Midazolam, diazepam

Altered pharmacokinetics

Clinical implications

Increased central volume of distribution; prolonged
elimination half-life
Little known
Central volume of distribution increases in line with
body weight; prolonged elimination half-life

Increased absolute dose; reduced dose per unit body weight;
prolonged duration of action
Increased absolute dose; reduced dose per unit body weight
Increased absolute dose, same dose per unit body weight;
prolonged duration of action, particularly after infusion

Neuromuscular blocking drugs
Succinylcholine
Plasma cholinesterase activity increases in proportion
to body weight
Atracurium
No change in absolute clearance, absolute volume of
distribution and absolute elimination half-life
Vecuronium
Impaired hepatic clearance and increased volume of
distribution lead to delayed recovery time
Pancuronium
Low lipid solubility
Dimethyl tubocurarine
Elimination half-life increases in proportion with % obesity
Opioids
Fentanyl
No change in elimination following 10 mg kg±1
Alfentanil
Elimination may be prolonged
Morphine
No information available
Local anaesthetics
Lidocaine
Increased absolute VD, unchanged VD adjusted for body weight;
increased epidural fat content and epidural venous engorgement
Bupivacaine
No information available
Inhalational anaesthetics
Nitrous oxide
Little information
Halothane
En¯urane
Sevo¯urane

Considerable deposition in adipose tissue; increased risk of
reductive hepatic metabolism
Blood:gas partition coef®cient falls with increasing obesity;
inorganic ¯uoride concentrations
rise twice as fast in obese individuals
No difference in ¯uoride concentrations between obese
and non-obese patients

department. Bleeding is likely to produce early cardiovascular decompensation and so should be vigorously sought
and treated. Portable radiographs may be of poor quality
because of overlying soft tissue, and clinical signs may be
dif®cult to elicit. More sophisticated imaging techniques,
such as CT scanning, may be needed, although many CT
tables have weight restrictions of about 160 kg. The
attending physician should always consider the possibility
of covert pathology in the obese trauma patient.

The obese patient on the intensive care unit
Few data are available on the morbidity and mortality of
obese patients in the intensive care setting, but again it is
widely held that the outcome is poor. Despite this, morbid
obesity was not included as a comorbid variable in the
development of the APACHE (acute physiology and
chronic health evaluation) II and III prognostic indices.103 104 Obese patients are more likely to be admitted
to the intensive care unit. Rose and colleagues reported that
acute postoperative pulmonary events were twice as likely
in the obese as in the non-obese, and that hospitalized obese
patients were at an increased risk of developing respiratory
complications.137

Increased absolute dose; reduced dose per unit body weight;
doses of 120±140 mg appear satisfactory
Unchanged dose per unit body weight
Give according to estimated lean body weight
Unchanged dose per unit body weight
Give according to estimated LBW
Dose per unit body weight unchanged
Adjust dose to LBW
I.v. dose: unchanged dose per unit body weight; extradural
dose: 75% of dose calculated according to TBW
High segmental level following subarachnoid blockade
Increased FIO2 limits practical usefulness; intestinal
distension may contribute to perioperative dif®culties
Possible increased risk of halothane hepatitis
Possibly lower MAC; increased risk of ¯uoride
nephrotoxicity following prolonged administration

The alterations in pulmonary function that have already
been outlined are important when considering mechanical
ventilation in the obese patient. A tidal volume based on the
patient's actual body weight is likely to produce alveolar
over-distension and high airway pressure, so increasing the
risk of barotrauma. An initial tidal volume based on IBW
should be used which can then be adjusted according to
in¯ation pressures and blood gas analysis.115 The use of
PEEP may help to prevent airway closure and atelectasis but
may be at the expense of the cardiac output. Weaning from
mechanical ventilation may be dif®cult because of high
oxygen requirements, increased work of breathing, reduced
lung volumes and ventilation±perfusion mismatching.
Burns and colleagues46 showed that a position of 45°
head-up tilt resulted in a larger tidal volume and a lower
respiratory rate than either the 0° or 90° position, and so
may be of bene®t during weaning. If a long stay in the ICU
is envisaged, early tracheostomy may assist weaning,
although the percutaneous approach is likely to prove
dif®cult. One must always consider the possibility of the
obese patient requiring emergency re-intubation and so
extubation should be planned when adequate personnel are
available, especially if the initial intubation was problematic.
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The morbidly obese patient is likely to have signi®cant
cardiovascular impairment and to tolerate ¯uid loading
poorly. Invasive haemodynamic monitoring may assist in
titrating ¯uid replacement and assessing cardiac performance. Siting of central venous catheters may be dif®cult,
resulting in a higher incidence of catheter misplacement and
local complications such as infection and thrombosis.38
Femoral vein catheterization may be impossible owing to
local intertrigo. Doppler ultrasound has been shown to
improve the success rate of central vein cannulation in highrisk groups with a reduced rate of complications.78 79
Despite having excess body fat stores and an increased
lean body mass, obese individuals are at risk from
developing protein malnutrition during periods of metabolic
stress.91 Weight reduction during episodes of critical illness
is not bene®cial and appropriate nutritional support should
not be withheld. Obese individuals are not able to mobilize
their fat stores during critical illness and tend to rely on
carbohydrate instead. The increased carbohydrate use
increases the respiratory quotient and accelerates protein
breakdown further to fuel gluconeogenesis.93 Energy
expenditure equations tend to be unreliable in critical
illness, especially in the obese.94 An indirect calorimeter
should be used to calculate energy expenditure,114 but if one
is not available, then patients should receive 20±30 kcal kg±1
of IBW per day. Most of the calories should be given as
carbohydrate, with fats given to prevent essential fatty acid
de®ciency. Protein requirements may be dif®cult to assess
because of an increased lean body mass, but 1.5±2.0 g kg±1
of IBW should achieve nitrogen balance.45 91 Expert advice
should be sought from a dietician.
Clearly the morbidly obese patient will present the
emergency room and intensive care staff with a formidable
challenge. Better understanding of the pathophysiology and
complications that accompany obesity may improve their
care and outcome. More research on the outcome of the
morbidly obese in these settings is required.
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