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Abstract

Anesthesiologists daily witness the consequences of tobacco
use, the most common preventable cause of death. Smoking-
related diseases such as atherosclerosis and chronic obstruc-
tive pulmonary disease increase anesthetic risk, and even
smokers without overt disease are at increased risk for mor-
bidity such as pulmonary and wound-related complications.
Evidence suggests that stopping smoking will reduce the fre-
quency of these complications. Nicotine and the other con-
stituents of cigarette smoke, such as carbon monoxide, have
important physiologic effects that may affect perioperative
management. In addition, it is now apparent that the schedul-
ing of elective surgery represents an excellent opportunity for
smokers to quit in the long term. This review serves as an in-
troduction to tobacco control for anesthesiologists, first exam-
ining issues of importance to perioperative management. It
then discusses how anesthesiologists and other perioperative
physicians can help address tobacco use, both at an individual
level with their patients, and by contributing to the implemen-
tation of effective public health strategies in their countries.
Anesthesiologists can play a key role in helping their patients
quit smoking. Effective tobacco control measures applied to
surgical patients will not only improve immediate periopera-
tive outcomes but also long-term health.
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Introduction

It is impossible to overstate the impact of tobacco use
on global health. Worldwide, tobacco today causes ap-
proximately 1 in 10 adult deaths; by 2030 the figure is
expected to be 1 in 6, or 10 million deaths each year. Of
the approximately 6 billion people alive today, 500 mil-
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lion of them will eventually be killed by tobacco [1].
Half of these deaths will occur in people in middle age,
depriving societies of their most productive workers
and burdening healthcare systems. In every respect,
cigarette use can be characterized as an epidemic [2]. In
the early stages of the epidemic, the prevalence of ciga-
rette smoking rises in the population, first among men,
then among women, peaking at over 50% among males
in most countries. Because there is a considerable time
between smoking initiation and death from smoking-
related diseases such as lung cancer, the rise in the death
rate caused by smoking lags the rise in smoking preva-
lence by approximately 20 years. When effective to-
bacco control measures are applied, the prevalence of
smoking begins to decline, first among men, then among
women. However, smoking-related deaths continue to
increase even after prevalence begins to decrease. In
Japan, the prevalence of smoking among males has be-
gun to decline, whereas the prevalence among females
likely continues to increase; 47.4% of males and 11.5%
of females smoked in 2000 [3]. Smoking rates among
Japanese physicians are approximately half those of the
general population: 27.1% of male and 6.8% of female
physicians smoke cigarettes [4].

In addition to the responsibilities that anesthesiolo-
gists have as physicians to promote the health of their
communities, smoking is also of direct concern to peri-
operative management. Smoking-related diseases such
as atherosclerosis and chronic obstructive pulmonary
disease increase anesthetic risk, and even smokers with-
out overt disease are at increased risk for morbidity
such as pulmonary and wound-related complications.
Evidence suggests that stopping smoking will reduce
the frequency of these complications [5]. Nicotine and
the other constituents of cigarette smoke, such as car-
bon monoxide, have important physiologic effects that
may affect perioperative management. In addition, it is
now apparent that the scheduling of elective surgery
represents an excellent opportunity for smokers to quit
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in the long-term [6,7]. For example, simply having a
major surgical procedure at least doubles the chances
that smokers will spontaneously quit [8]. Assistance
from anesthesiologists and other healthcare providers
has the potential to further increase these chances.

This review is meant to serve as an introduction to
tobacco control for anesthesiologists. It will begin by
briefly examining the effects of smoking on issues of
importance to perioperative management. It will then
discuss how anesthesiologists and other perioperative
physicians can help address tobacco use, both at an in-
dividual level with their patients, and by contributing to
the implementation of effective public health strategies
in their countries.

Smoking and perioperative management

The effects of smoking on cardiac and pulmonary func-
tion are well known. However, of perhaps greatest sig-
nificance to most patients are the effects of smoking on
the healing of both surgical wounds and bones. Smoking
status also affects many other facets of perioperative
management, including pain perception. A more de-
tailed review of the effects of smoking and acute absti-
nence from smoking specifically on physiology has been
recently published [5].

Respiratory effects

Smoking is a major cause of respiratory disease, includ-
ing chronic obstructive pulmonary disease and chronic
bronchitis without overt airways obstruction [9,10].
Multiple mechanisms contribute to the pathophysiol-
ogy, including chronic inflammation, epithelial damage,
and alterations in immune function [11]. The functional
consequences of these processes include an accelerated
decrease in the forced expiratory volume in 1s, de-
creased mucociliary clearance, and, in approximately
15% of smokers, chronic airways obstruction [9]. Quit-
ting smoking will improve lung disease, although the
recovery process may require weeks or months, and
some structural changes may be irreversible [12].
Smoking increases the risk of perioperative pulmo-
nary complications, even in those smokers without overt
pulmonary disease [13-22]. Multiple mechanisms are
likely involved, including impaired mucociliary clear-
ance in the setting of excess mucus production [23,24].
Smoking exaggerates the normal decreases in macro-
phage function during prolonged anesthesia, potentially
impairing immune defenses [25,26]. Abstinence from
smoking will reduce risk, although it appears that sev-
eral weeks of abstinence are necessary for maximal ben-
efit, parallel to the time required for improvements
in pulmonary function [16,21,22,27,28]. Some observa-

201

tional studies examining the association between the
duration of abstinence and pulmonary complications
have been interpreted as suggesting that quitting within
a few weeks of surgery actually increases the rate of
complications [21,22,27]. However, there is no firm evi-
dence to support this interpretation [5,29]. Nonetheless,
the longer the duration of preoperative abstinence, the
better; it appears that at least 8 weeks of abstinence is
required for maximal benefit. Children exposed to en-
vironmental tobacco smoke from their parents are also
at risk for adverse respiratory events [30].

Regarding perioperative management, the clinical
impression that smokers exhibit increased airway reac-
tivity in the perioperative period is supported by some,
but not all studies. For example, increases in pulmonary
resistance and coughing caused by desflurane are en-
hanced in smokers [31,32], suggesting sensitization of
reflex responses to chemical irritants in smokers. The
response to bronchodilators is impaired in smokers, but
smokers do not exhibit higher pulmonary resistance af-
ter endotracheal intubation compared with nonsmokers
[33]. Surprisingly, intubated smokers also do not ex-
perience increased coughing during emergence from
isoflurane anesthesia compared with nonsmokers
[34]. Nonetheless, upper airway reflexes may be more
sensitive in smokers [35].

Cardiovascular effects

Smoking is a major cause of cardiovascular disease, in-
cluding coronary artery disease and peripheral vascular
disease [36]. Mechanisms of injury are complex, but
center on the promotion of atherosclerosis through en-
dothelial injury, oxidant injury, adverse effects on blood
lipids, and pro-thrombotic effects [37-39]. There are
many smoke constituents that could be responsible for
this injury, and the role of nicotine itself in promoting
atherosclerosis is unclear [40]. Nicotine does increase
sympathetic outflow and circulating catecholamine lev-
els, which can increase myocardial oxygen demand [41].
Quitting smoking will significantly decrease the risk of
death in smokers with coronary artery disease, reducing
all-cause mortality by approximately one-third [42], so
that tobacco control represents a very effective public
health strategy to address cardiovascular disease.

The presence of smoking-related cardiovascular dis-
ease clearly increases the risk of perioperative cardio-
vascular complications [43]. The acute pharmacological
effects of cigarette smoke may further increase risk.
Patients without active symptoms of ischemic heart dis-
ease who smoked shortly before surgery develop more
episodes of ST segment depression than nonsmokers,
prior smokers, or chronic smokers who did not smoke
before surgery [44]. Those patients with the highest ex-
pired carbon monoxide levels, an index of smoke expo-
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sure, have the highest rates of ischemia. Carbon
monoxide interferes with the carriage and delivery of
oxygen, and may itself contribute to the risk of ischemia
[45,46]. Patients who smoke experience exaggerated
hemodynamic responses to endotracheal intubation
[47,48]. Thus, in addition to considering the possible
impact of smoking-related cardiovascular disease, anes-
thesiologists must determine how best to manage the
acute pharmacological effects of smoke constituents
such as nicotine and carbon monoxide in the periopera-
tive period. Even relatively brief abstinence will signifi-
cantly decrease plasma concentrations of these and
other smoke constituents, and thus may improve cardio-
vascular outcomes [5].

Wound and bone healing

For many surgical procedures, smokers are at greater
risk to develop wound-related complications such as
wound dehiscence and wound infection [49-52]. Smok-
ing also increases the risk for nonunion of spinal fu-
sions, and may retard the healing of fractures [53-58].
Several mechanisms may contribute to risk. The partial
pressure of oxygen in tissues is an important determi-
nant of healing [59,60]. Smoke constituents such as
carbon monoxide, which impairs oxygen carriage and
delivery, and nicotine, which causes peripheral vasocon-
striction, may decrease tissue oxygenation [61-63].
Smoke constituents may also affect the function of cells
such as fibroblasts and osteoblasts that are important to
healing [64-68]. The role of nicotine in mediating these
actions is not known. In animal models, nicotine in high
doses (considerably higher than those achieved in hu-
man smokers) can impair wound healing [69,70]. These
effects of nicotine itself either are equivocal or not pres-
ent in animal models of bone healing [57,71-73]. Finally,
the microvascular disease produced by chronic smoking
itself may contribute to impaired healing.

Abstinence from smoking can reduce the rate of
wound-related complications. The best evidence comes
from a trial that randomized smokers scheduled for
lower-extremity total joint replacement to receive ei-
ther usual care or a stop-smoking intervention that
included nicotine replacement therapy, beginning
approximately 2 months before surgery [74]. The rate
of wound infection was dramatically decreased in those
patients who quit smoking, significantly reducing the
total costs associated with hospitalization [75]. An
experimental study utilizing punch biopsies in healthy
smokers and nonsmokers found that as little as 4 weeks
of abstinence reduced the rate of wound infection in
smokers to that in nonsmokers [76]. Observational stud-
ies also demonstrate that preoperative abstinence seems
to reduce the rate of wound-related complications
[49,77]. The duration of abstinence necessary for benefit

D.O. Warner: Smoking in surgical patients

remains to be defined. If risk is mediated by the acute
pharmacologic effects of smoke constituents such as
nicotine and carbon monoxide, even brief preoperative
abstinence should be beneficial. Less information is
available regarding the effects of preoperative smoking
abstinence on bone healing; continued smoking after
surgery increases the rate of nonunion following spine
surgery [53].

Nervous system effects

Nicotine is delivered in relatively high concentrations
to the central nervous system almost immediately after
the inhaling of cigarette smoke, accounting in large
measure for the addicting properties of cigarettes [78].
Nicotinic receptors have multiple roles in the central
and peripheral nervous systems [79]. The function of
these receptors is significantly altered by chronic expo-
sure to nicotine [80]. Smoking-induced alterations in the
neurobiology of the brain have several implications for
anesthesia.

Withdrawal from nicotine can produce a variety of
somatic and affective symptoms that can appear within
hours and may last for weeks [80]. Somatic symptoms
may include increased appetite, headaches, sweating,
and others, and prominent affective symptoms include
anxiety, irritability, difficulty concentrating, depression,
fatigue, and many others [81-83]. Treatment of these
symptoms is one key to the effectiveness of nicotine
replacement therapy as an aid to stop smoking. Absti-
nence from smoking in the perioperative period could
produce nicotine withdrawal symptoms and contribute
to the considerable stress that the surgical patient al-
ready must endure. However, recent studies show that
surgical patients who are abstinent from smoking do not
consistently report nicotine withdrawal symptoms, and
do not experience higher levels of psychological stress
induced by surgery compared with nonsmokers [8,84].
Thus, it appears that other factors associated with sur-
gery, such as the use of opioid analgesics, may mitigate
nicotine withdrawal symptoms. This finding suggests
that the perioperative period may be an excellent op-
portunity for smokers to attempt sustained abstinence,
and that routine nicotine replacement therapy for the
purpose of treating withdrawal symptoms is not neces-
sary in surgical patients.

Anesthetic requirements may be altered in smokers.
Both isoflurane and propofol inhibit neuronal nicotinic
receptors in mice, suggesting that, in turn, nicotine could
affect anesthetic requirements [85]. Indeed, nicotine
(but not other nicotinic agonists) causes a small but
significant decrease in the minimum alveolar concentra-
tion (MAC) in mice [86]. On the other hand, smokers
require higher doses of propofol to achieve a given level
of sedation, although it is not clear if this is related to
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effects of smoking on propofol pharmacokinetics, phar-
macodynamics, or both [87]. Of note for the monitoring
of these patients, awake values for the bispectral index
(BIS) appear to be greater in smokers than nonsmok-
ers, and a lower BIS value is required to achieve a given
level of clinical sedation [87].

Smoking affects pain perception, although these ef-
fects are complex and extant studies are often not
consistent. In general, smoking a cigarette increases
thresholds to painful stimulation in experimental set-
tings [88-91]. Nicotine administered to nonsmoking sur-
gical patients shortly before emergence from anesthesia
decreases pain scores and morphine utilization [92].
Smokers require increased opioid doses after a variety
of surgical procedures, including coronary artery bypass
grafting [93], oral surgery [94], and pelvic surgery [95].
Again, it is not clear whether this finding is caused by
differences in opioid pharmacokinetics, pharmacody-
namics, or both, and more studies are needed. Interest-
ingly, smoking status is a risk factor for many chronic
pain states [96-98]; it is not known how abstinence af-
fects chronic pain, although an anecdotal report sug-
gests improvement [99].

Other effects

Smoking is a protective factor against the development
of postoperative nausea and vomiting (PONV) [100-
105]. The salient mechanism is not known. Although
smoke constituents such as carbon monoxide may pro-
mote bowel motility and thus ameliorate nausea [106],
the rate of PONYV is not correlated with recent exposure
to cigarette smoke, as quantified by exhaled carbon
monoxide levels, such that this protective effect is un-
likely to be related to an acute pharmacologic effect
of smoke constituents [107]. As discussed above, pro-
longed exposure to nicotine profoundly changes brain
nicotinic receptor function [108], changes which appar-
ently include tolerance to the acute emetic effects of
smoke constituents [104,109]. This tolerance may ex-
tend to factors producing PONV.

The constituents of cigarette smoke also affect drug
metabolism. For example, smoke constituents induce
some of the cytochrome P450 pathways [110-112],
including CYP1A2 and CYP2E1, which are responsible
for the metabolism of several drugs used during
anesthesia (including volatile anesthetics [113]). Such
differences in metabolism could contribute to the pro-
tective effects of smoking on PONV [102]. Serum inor-
ganic fluoride levels are increased postoperatively in
smokers compared with non-smokers, without causing
detectable changes in renal function [114]. Potential
effects on opioid metabolism that could affect the
management of postoperative analgesia have not been
examined.
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Smoking status may affect the clinical use of neuro-
muscular blocking drugs. Smokers who maintain absti-
nence preoperatively require a smaller maintenance
dose of atracurium than nonsmokers [115]. Those who
continued to smoke until surgery, or received nicotine
replacement therapy, had dose requirements similar to
those of nonsmokers. Other studies have reported a
greater requirement for vecuronium in smokers [116],
and no differences between smokers and nonsmokers
in requirements for rocuronium [117]. The mechanisms
responsible for these observations are not known.

Approaches to tobacco control

There are many effective measures to control tobacco
use, ranging from public policy measures such as bans
on cigarette advertising, prohibitions on workplace
smoking, and increased taxes on cigarettes, to the treat-
ment of individual smokers by means of counseling,
pharmacotherapy, and other measures [118]. The pri-
mary barriers to the effective use of these measures are
political and economic rather than practical. Because
anesthesiologists daily see the devastating conse-
quences of tobacco-related disease, anesthesiologists
should join with other healthcare professionals to be-
come effective advocates for tobacco control at every
level [6]. There are unique challenges facing tobacco
control in Japan, but there are also unique opportuni-
ties for anesthesiologists and other perioperative physi-
cians to participate in a burgeoning tobacco control
effort. This section provides the background of tobacco
control efforts in Japan, a review of effective public
policy measures that can reduce smoking prevalence,
and specific methods that physicians and healthcare sys-
tems can use to help individual smokers quit (Fig. 1).

Tobacco control in Japan

Although tobacco was introduced into Japan by the
Portuguese in the sixteenth century, as in other coun-
tries, the widespread adoption of cigarette smoking was
stimulated by the development of modern manufactur-
ing methods to produce mass quantities of cigarettes
[119]. At the beginning of the twentieth century, the
Japanese government created a national monopoly of
tobacco processing and sale to profit from the increased
popularity of cigarettes. In 1985, control was transferred
to a private corporation (Japan Tobacco, Inc.) to
enhance its economic growth [120]. However, the
Japanese government is still the major shareholder in
this corporation. In 1987, in response to pressure from
American tobacco companies, aided by the United
States government under the guise of promoting
“free trade”, tariffs were removed from the import of
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Effective Tobacco Control Strategies
Public Policies Interventions for individual smokers
Counseling Pharmacotherapy
e Smoking bans and restrictions Physician advice to quit ¢ Nicotine Replacement Therapy
e Increasing tobacco prices e Gum
e Bans on tobacco advertising Minimal counseling by e Lozenge
¢ Mass media campaigns clinicians (< 3 min) ° :\Thaklers
¢ Restrictions on sales to minors . P:ﬁ; pray
More intensive counseling
e Bupropion

¢ Individual contact
e Group counseling
e Telephone counseling

e Varenicline

Fig. 1. Summary of effective tobacco control strategies

tobacco, triggering an explosion of marketing activities
[121]. As a result, the prevalence of smoking among the
young and women increased in subsequent years, re-
flected in a reversal of a downward trend in previous
years in both total and per-capita cigarette consumption
[120].

As reviewed in the following section, there are effec-
tive public policy measures that can reduce tobacco use.
However, as recognized by Japanese public health
workers, there is an inherent conflict of interest created
by government ownership of Japan Tobacco that has
limited the activity of the national government in con-
trolling tobacco [119]. Furthermore, as in every other
country, tobacco companies pursue aggressive market-
ing strategies, without regard for the health of their
potential customers, and actively oppose public policy
measures designed to control the use of tobacco. None-
theless, there is an increasingly active tobacco control
movement in Japan, and a growing literature specific to
Japanese efforts [119]. The World Health Organization
has developed and endorsed the Framework Conven-
tion on Tobacco Control, which serves as a comprehen-
sive roadmap for tobacco control policy development,
enhancement, and implementation (http://www.who.
int/tobacco/framework/en/; accessed September 16,
2006). Japan accepted the provisions of the Framework

Convention in June of 2004. The Framework Conven-
tion represents an important step forward in interna-
tional efforts to control tobacco, but is also illustrative
of the ongoing influence of tobacco companies. For ex-
ample, governmental influences significantly weakened
the language of the Convention to protect the economic
well-being of tobacco companies [122], and similar in-
fluences have prevented the ratification of the Conven-
tion by key countries such as the United States (as of
September 21, 2006).

Public policies to control tobacco

Although the efforts to help individual smokers quit are
an important component of the response to the tobacco
epidemic, undoubtedly the most efficient measures are
relatively simple changes in public policies. There is
now a considerable evidence base to document this ef-
fectiveness [118]. As advocates for public health, physi-
cians have an important role to play in the development
and implementation of these policies.

Smoking bans and restrictions are policies and laws
that limit smoking in public areas. The rationale is to
protect the public from the adverse effects of environ-
mental tobacco smoke (or “second-hand smoke”),
which exposes nonsmokers to the hazards of smoke
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constituents. The consequences of such exposure range
from increasing middle ear infections in infants and
children, to exacerbation of asthma and lower respira-
tory tract infections, to an increase in cancer deaths. A
recent report from the United States Surgeon General
conclusively outlines these risks [123]. There is strong
evidence that smoking bans and restrictions reduce ex-
posure to environmental tobacco smoke [118]. It is also
likely that these bans reduce tobacco consumption and
encourage cessation. Smoking bans in healthcare facili-
ties deserve special mention. In addition to the practical
benefits of reducing the exposure of patients and staff
to environmental tobacco smoke, such bans can send
an important message regarding the health effects of
smoking [124].

Control of the sales and marketing of tobacco prod-
ucts is also of importance. Increasing the price of tobacco
products through taxation significantly reduces tobacco
use, prevalence, and consumption. Regulation of tobac-
co packaging to include warning labels that clearly and
graphically describe the hazards of smoking also is ef-
fective. The tobacco industry heavily promotes the use
of their products. This marketing, which may take the
form of direct advertising, indirect branding, or spon-
sorship of athletic or musical events, is quite effective,
as indicated by the enormous sums expended by these
companies. Bans on tobacco advertising, promotion,
and sponsorship deprive the tobacco companies of these
marketing tools and reduce the prevalence of tobacco
use. Counter-marketing can also be used as a positive
influence to decrease tobacco use. Mass media cam-
paigns, using modern marketing techniques, have
proved quite effective, especially when directed towards
adolescents and young adults. Because the majority of
smokers begin using tobacco during adolescence, re-
strictions on sales to minors are another important step
to reduce smoking initiation.

Methods to help smokers quit

It is very difficult to stop smoking. Without assistance,
the spontaneous rate of quitting in a general population
of smokers is low (generally <5% annually), and multi-
ple attempts will be necessary for most to be successful
[125]. Nonetheless, after decades of concerted tobacco
control efforts in the United States, there are now more
ex-smokers than current smokers, and the majority of
current smokers want to quit [126]. It appears that ap-
proximately 25% of Japanese smokers wish to quit
[119]. In addition to the important public health mea-
sures described in the previous section, there are effec-
tive means that can be applied to individual smokers to
help them quit [125]. These include both counseling of
individual smokers and pharmacotherapy to alleviate
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the symptoms of nicotine withdrawal [127]. These
measures are highly cost-effective, as the cost to provide
these services to smokers is far less than the economic
consequences of continued smoking, in terms of lost
productivity and the medical expenses incurred to
treat smoking-related illness [75,128]. Recent efforts
have also concentrated on the responsibility of all
healthcare providers to help their patients quit smoking.
For example, healthcare systems can be structured
to ensure that these measures are consistently
applied when patients contact these systems [125].
Measures directed specifically at surgical patients can
be effective [129-134], although much more work
is needed to devise strategies that are specifically
designed to meet the needs of these patients and surgi-
cal providers.

Counseling

A wide variety of counseling methods have been evalu-
ated, ranging from brief advice from a physician to stop
smoking, to multiple sessions provided by trained coun-
selors in dedicated clinical settings [125]. Advice from
physicians to stop smoking produces a small but signifi-
cant increase in quit rates, even without other interven-
tions. For this reason, all physicians should advise all
smokers to quit during every encounter. If clinicians
spend even just a few additional minutes in providing
counseling, the rate of quitting is further increased. The
more time spent, the greater the rate of success, with
maximal efficacy observed at approximately 90min
of counseling. Many forms of counseling are effective,
including group counseling and individual counseling.
Counseling can also be effectively provided via tele-
phone or the internet. Elements of effective interven-
tions include providing practical problem-solving skills,
helping the patient obtain social support (e.g., from a
spouse), providing supplemental materials (e.g., bro-
chures, etc.), and developing a personalized quit plan
that includes a target quit date. Follow-up after an ini-
tial counseling session may be important to provide
further encouragement for those smokers who have not
yet quit, and to assist those who have quit in their efforts
to maintain abstinence.

Pharmacotherapy

One barrier to maintaining abstinence from cigarettes
is the symptoms of nicotine withdrawal, such as cravings
for cigarettes [81,135]. Two classes of medications are
currently widely used to promote abstinence by helping
to alleviate these symptoms; both will approximately
double the rate of success in quitting smoking, and
new categories of medications are under development
[136,137].
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Nicotine

Nicotine can be administered by a variety of methods,
including gum, inhalers, lozenges, nasal spray, and
patches. Although the pharmacokinetics of nicotine de-
livery differ widely among these methods, all aim to
deliver a relatively sustained plasma level of nicotine
that will lessen the symptoms of nicotine withdrawal.
Each method of delivery has advantages that may be
attractive to different patients; each method will ap-
proximately double quit rates [125,138-140]. For ex-
ample, nicotine patches have the convenience of
once-daily dosing. However, some smokers wish to
more precisely regulate nicotine levels over the course
of a day, and find the tactile sensations provided by gum
or lozenges to be helpful in replacing cigarettes.

Nicotine replacement therapy has proved to be re-
markably safe [141]. Although there were early con-
cerns regarding its use in patients with cardiovascular
disease, subsequent studies have conclusively demon-
strated that nicotine replacement therapy can be safely
used in patients with coronary artery disease, even if
they continue to smoke [142-144]. Because smokers are
already habituated to effects such as nausea, these side
effects are usually not an issue.

Few studies have investigated the safety and efficacy
of nicotine replacement specifically in surgical patients.
Nicotine gum increases the volume of gastric contents,
but by a small amount that is unlikely to be clinically
significant [145]. Nicotine replacement therapy exagger-
ates the hemodynamic response to endotracheal intuba-
tion, but again by a relatively small amount [146].
Perhaps the greatest potential concern is the potential
effects of nicotine on wound and bone healing. As re-
viewed above, healing is impaired in smokers, but the
role of nicotine itself in this effect is uncertain. Animal
studies examining the effects of nicotine on wound
healing have generally employed doses of nicotine far
greater than those used for nicotine replacement in
humans [69,70]. An important study in human subjects,
utilizing experimentally induced wounds (punch
biopsies), showed that, in smokers, abstinence from
cigarettes dramatically reduced the frequency of wound
infections to approach that in nonsmokers [76]. This
dramatic improvement was also observed in smokers
who maintained abstinence with the assistance of
nicotine replacement therapy, suggesting that other
constituents of cigarette smoke, not nicotine, cause
wound-related complications. A recent placebo-
controlled trial of nicotine replacement therapy in
surgical patients who smoke found that surgical compli-
cations were not increased in patients receiving nicotine
[84]. Thus, although more study is required, current
evidence suggests that nicotine replacement therapy
should be safe in surgical patients. There is little doubt
that nicotine replacement therapy is far preferable to
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continued smoking, which exposes patients to all the
other constituents of cigarettes smoke.

Bupropion

Like nicotine replacement therapy, this antidepressant
will also approximately double the rate of successful
quitting [125,136,137]. It is usually administered begin-
ning 2 weeks prior to a target quit date. It has the ad-
vantage of completely eliminating exposure to nicotine,
and is generally well tolerated. One small study has
shown that bupropion can reduce preoperative ciga-
rette consumption in surgical patients, but does not in-
crease the quit rate [147].

New agents

Several new agents to assist smokers in quitting are ei-
ther under development or newly released. Varenicline
is a partial agonist at the oy, nicotinic acetylcholine
receptor, and has recently been approved in the United
States for the treatment of nicotine dependence
[148,149]. Because of its nature as a partial agonist, it
may serve to both treat the symptoms of nicotine with-
drawal, and to block the pleasurable effects of nicotine
provided by smoke if cigarettes are consumed. In initial
clinical trials, it has proved highly efficacious [150-152].
Rimonabant is a CB1 cannabinoid receptor antagonist
originally developed to treat obesity, and is currently
available in the United Kingdom for this indication.
However, initial trials suggest that it may also be effica-
cious in treating nicotine dependence [148]. Because
weight gain commonly accompanies abstinence from
tobacco, the potential of rimonabant to ameliorate this
effect is an attractive feature. A nicotine vaccine is un-
der development that may inhibit the pleasurable ef-
fects of nicotine [153].

Role of anesthesiologists in tobacco control

Anesthesiologists have a unique opportunity to contrib-
ute to tobacco control [6]. As perioperative physicians,
anesthesiologists can serve as effective advocates for
tobacco control policies in their hospitals and communi-
ties. At the level of the individual smoker, the possibil-
ity of improved perioperative outcomes provides an
excellent rationale to encourage smokers to maintain at
least temporary abstinence. In addition, surgery may
focus the attention of smokers on their health and make
them more receptive to messages about stopping smok-
ing. Although the time available for counseling may be
limited, and few anesthesiologists have training in to-
bacco control, there are simple steps that every anes-
thesiologist can take.
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Stop smoking

Every physician who smokes should quit. Physicians
cannot be effective advocates for tobacco control if they
themselves are still addicted to cigarettes. Evidence
shows that physicians are less likely to implement to-
bacco control measures in their practices if they them-
selves smoke [154,155]. In countries with more mature
tobacco control programs, physician smoking rates are
less than 5% [156,157]. Physicians should also be active
in helping other healthcare professionals, such as nurses
[161], quit smoking.

Promote smoking bans in healthcare facilities

Smoking bans in public facilities in general, and in
healthcare facilities in particular, have proven to be a
very effective tobacco control measure. Some countries
have established requirements that all healthcare facili-
ties ban smoking [124]. In addition to providing a more
healthy environment for both employees and patients,
employees in smoke-free hospitals are more likely to
stop smoking [158-160]. Although the implementation
of these bans is not without challenges [161], once es-
tablished they are well accepted by both patients and
staff. Physicians should be active in working with hos-
pital leadership to advocate for smoking bans in their
hospitals and other healthcare facilities.

Help individual smokers

Based on the best evidence available, the United States
Public Health Service has recommended five steps that
physicians should implement to help their patients quit
smoking: Ask about tobacco use, Advise to quit, Assess
willingness to make a quit attempt, Assist in a quit at-
tempt, and Arrange follow-up [125]. Because anesthe-
siologists in general have limited time available with
each patient, and limited knowledge of tobacco control
techniques, it is not practical to expect them to imple-
ment each of these steps. However, anesthesiologists
can still implement some of them.

Ask

Anesthesiologists should consistently ask their patients
about their tobacco use as a part of the preoperative
interview, including the time of last tobacco use. To
help ensure that this history is consistently obtained, all
medical records used to document preoperative evalu-
ation should have a consistent method for identifying
current and past tobacco use, which should be viewed
as another “vital sign”.

Advise
Every patient who smokes should be strongly urged to
quit for as long as possible before surgery. There are
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several messages unique to the preoperative setting that
can be delivered. Because continued smoking may in-
crease the risk of perioperative complications, patients
can be advised that stopping smoking, even temporarily,
may help them recover from surgery. This message ap-
plies even to those patients who do not plan to maintain
extended perioperative abstinence. Just as all patients
are asked to abstain from food the night before surgery,
all smokers should be asked to “fast” from cigarettes
beginning the evening before surgery [6]. Because of
the relatively short half-life of smoke constituents such
as nicotine and carbon monoxide, this should help re-
duce their impact on perioperative management. In the
absence of such advice, almost all smokers continue to
smoke until immediately before hospital admission
[8,84]. Finally, for those patients willing to make an ex-
tended quit attempt, they can be reassured that they
likely will not experience significant nicotine withdrawal
symptoms while in the hospital [8,84].

Assist

During a brief preoperative visit, there may be limited
opportunities to provide direct assistance in the form
of more extended counseling and pharmacotherapy.
However, each anesthesiologist should be familiar with
whatever local resources are available for the treatment
of tobacco dependence. If patients are seen in a struc-
tured preoperative clinic, such services may be provided
as a part of the preoperative evaluation process. For the
patient who is hospitalized after surgery, their stay pro-
vides an excellent opportunity to provide tobacco inter-
ventions. Many studies have shown that a variety
of interventions can help hospitalized smokers quit
[129,132]. These can be provided by physicians, nurses,
or trained counselors.

Conclusion

As perioperative physicians, anesthesiologists can play
an important role in tobacco control efforts directed
towards surgical patients, both by serving as advocates
for changes in public policy (such as smoke-free hospi-
tals) and by helping individual smokers quit. The extra
effort will be rewarded by both improved perioperative
outcomes for individual patients, and by improved pub-
lic health of our communities.
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