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uring 2020 and 2021, the COVD-19 pandemic caused
more than 845,000 deaths in the United States' and up
to 18 million deaths worldwide,? accompanied by widespread
social and economic disruption. However, another deadly
pandemic has been ongoing for more than a century—the
tobacco pandemic.>® This pandemic originated in the United
States in the early 20th century and then spread throughout
the world. Globally, tobacco use kills more than 8 million peo-
ple each year, including bystanders exposed to secondhand
smoke.” It is the leading cause of preventable death in many
countries, including the United States, where it accounts for
approximately 1 in 5 deaths (480,000 annually).® If current
trends continue, approximately 1 billion people will die of
tobacco use in the 21st century.* The tobacco pandemic con-
tinues to evolve, as new products that spread the disease of
tobacco use disorder, such as electronic cigarettes, are devel-
oped and marketed, perhaps analogous to coronavirus variants.
Pandemic control requires a mix of public policy and
medical measures. The response to the COVID-19 pan-
demic was complex and multilayered, including a variety
of government policies, such as lockdowns and masking,
and medical innovations such as vaccines and monoclonal
antibody treatment. Anesthesiologists played an important
role in this response by providing outstanding surgical and
intensive care to these patients, often at considerable per-
sonal risk. The response to the tobacco pandemic has been
similarly multifaceted, including government policies such
as increased tobacco taxation and bans on smoking in public
places, and treatment innovations such as nicotine replace-
ment therapy.>® As with COVID-19, anesthesiologists can
also play an important role in the response to tobacco pan-
demic—Dbut many do not know how. In addition to improv-
ing public health, a collateral benefit of anesthesiologists’
efforts is an immediate impact on perioperative risk and the
long-term health of each individual tobacco user.

Deborah J. Culley, M.D., Editor

ABSTRACT

Tobacco use will kill a projected 1 billion people in the 21st century in one
of the deadliest pandemics in history. Tobacco use disorder is a disease
with a natural history, pathophysiology, and effective treatment options.
Anesthesiologists can play a unique role in fighting this pandemic, provid-
ing both immediate (reduction in perioperative risk) and long-term (reduction
in tobacco-related diseases) benefits to their patients who are its victims.
Receiving surgery is one of the most powerful stimuli to quit tobacco. Tobacco
treatments that combine counseling and pharmacotherapy (e.g., nicotine
replacement therapy) can further increase quit rates and reduce risk of mor-
bidity such as pulmonary and wound-related complications. The perioperative
setting provides a great opportunity to implement multimodal perianesthesia
tobacco treatment, which combines multiple evidence-based tactics to imple-
ment the four core components of consistent ascertainment and documenta-
tion of tobacco use, advice to quit, access to pharmacotherapy, and referral

to counseling resources.

(AnesTHESIOLOGY 2022; 137:484-508)

This narrative review is a primer for anesthesiologists
who want to help their patients who are victims of the
tobacco pandemic. An effective pandemic response requires
first an understanding of the origins, natural history, patho-
physiology, and treatment of the underlying disease. With
this as a foundation, this review will then present the com-
pelling rationale to address tobacco use in perianesthesia
practices, putative barriers to anesthesiologist involvement,
and practical strategies to take advantage of the unique
opportunities available for anesthesiologists to help their
patients. The focus will be on two popular tobacco prod-
ucts, conventional cigarettes that burn tobacco and elec-
tronic cigarettes, recognizing that there are numerous other
forms of tobacco that can also cause harm.

Pandemic Origins and Evolution

Given the ubiquity of tobacco products in the mod-
ern world, it is easy to think that tobacco use has always
been widespread in human societies. Indeed, tobacco
has an important long-standing ceremonial role in some
cultures.” However, until the beginning of the 20th cen-
tury, only a small fraction of the world’s population used
tobacco, mostly in the form of chewing tobacco, snuff, and
pipe tobacco.”® Three factors combined to dramatically
increase the prevalence of commercial tobacco use during
the 20th century, first in the United States, then in the rest
of the world: technological advances in tobacco product
design and manufacture, sophisticated marketing campaigns
by tobacco companies, and the high addiction potential
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of nicotine. Regarding technology, the invention in the
United States of (1) flue-curing, a new method to process
tobacco leaves that made tobacco smoke easier to inhale,
(2) the safety match, and (3) machines that made cigarettes
in large quantities enabled mass cigarette production and

consumption.>®

Regarding marketing, the tobacco indus-
try pioneered sophisticated marketing campaigns employ-
ing techniques that are still widely utilized today by many
industries. Tobacco products remain one of the most heavily
marketed products in the world.* Regarding addiction, cig-
arettes function primarily as devices to rapidly deliver to
the brain high levels of nicotine, one of the most addictive
substances known.'’ These factors combined to produce a
dramatic increase in the prevalence of tobacco use; at the
U.S. pandemic peak in the 1960s, more than 40% of the
adult population smoked cigarettes (fig. 1).>*!!

The health consequences of this pandemic became evi-
dent in the early 1950s, thanks to a series of classic observa-
tional studies linking smoking to lung cancer,'" followed
by other studies demonstrating similar links to cardiovas-
cular and pulmonary disease.' In response, the tobacco

industry launched a sustained disinformation campaign

% smokers among adults

Anesthesiologists and the Tobacco Pandemic

designed to refute these studies, cast doubt on any rela-
tionship between smoking and disease, and deny that cig-
arettes were addictive, with smoking presented rather as a
personal choice.*® It later became apparent from their own
internal documents that the industry in fact had known for
decades that smoking caused disease and was highly addic-
tive; indeed, the industry continues to actively manipulate
nicotine delivery by cigarettes to maximize addiction and
sales.>® In a landmark case, in 2006 the tobacco industry
was found guilty under racketeering laws, demonstrating
that criminal behavior contributed to the pandemic.>*'®
The 1964 release of the U.S. Surgeon General’s report
Smoking and Health'* summarized the conclusive evidence
that smoking caused a host of serious diseases including
chronic lung disease, cardiovascular disease, and cancer, and
sparked the implementation of various policy measures
that proved highly effective in reducing the prevalence of
tobacco use.* For example, appreciation of the dangers of
secondhand smoke (i.e., breathing in smoke exhaled by oth-
ers) led to policies banning smoking in public places,'” and
increased tobacco excise taxes significantly reduced sales.'
These and other measures dramatically reduced smoking
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Fig. 1. Estimates of the proportion of adults who smoked cigarettes (/eff) and the proportion of adult deaths caused by smoking (righy) in the United
States from 1900 to 2020 for males and females. Also shown are the timing of major events related to tobacco control in the United States. “Blended”
cigarettes include a mixture of flue-cured and other tobaccos that produce smoke that is sweeter and better tolerated. Data from Thun et al."!
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prevalence in the United States and many other high-in-
come countries (fig. 1). Nonetheless, nearly one in five U.S.
adults still uses a tobacco product,” and smoking-related
illnesses cost the United States more than $300B annually.®
At this stage in the U.S. pandemic, compared with non-
smokers, smokers have lower educational attainment, have
lower household income, and are more likely to have men-
tal health conditions, including other substance use disor-
ders."” ' Tobacco use thus contributes to widespread health
disparities in the U.S. population.

In response to declines in tobacco sales in the United
States, the tobacco industry took advantage of trade liber-
alization policies in the late 20th century and dramatically
increased its international marketing efforts.>* These efforts
were highly successful—many low- and middle-income
countries still have a high prevalence of tobacco use (i.e.,
are in the earlier stages of the pandemic)—a disparity that
mirrors (and contributes to) other disparities in health and
health care among nations.”

Pathophysiology and Natural History of Tobacco
Use

Most tobacco use can be conceptualized as a behavioral disor-
der, as recognized by the most recent Diagnostic and Statistical
Manual of Mental Disorders, 5th edition.* The majority of
those who smoke cigarettes meet criteria for tobacco use
disorder (table 1); however, not all people who use nicotine
develop this disorder, for reasons that are unknown. Earlier
editions of this manual employed the diagnostic term “nic-
otine dependence,” which is still utilized. Most who suffer
from tobacco use disorder begin using tobacco before age
18 yr. In 2021, 34% of U.S. high school students had tried
a tobacco product, and 13% were current users.” Of these,

Table 1. Criteria for Tobacco Use Disorder

almost a third already showed signs of nicotine dependence
(e.g., experienced cravings). The tobacco industry has recog-
nized the importance of youth tobacco use in creating and
sustaining a market for their products and has engaged in a

variety of activities to promote such use.*?*

Pathophysiology

Although cigarette smoke contains literally thousands of
pharmacologically active compounds, many of which cause
disease, nicotine is the active ingredient responsible for
reward and addiction."” Like other drugs of abuse, nico-
tine activates the mesolimbic dopamine system, a central
mediator of drug reward and reinforcement,® such that
smoking has pleasurable effects including stress reduction
and enhanced mood (fig. 2). The rapid rise in brain nico-
tine levels produced by cigarette smoke contributes to this
pleasure.”” The pharmacology of the nicotinic acetylcholine
receptor that mediates nicotine’s actions is complex and
beyond the scope of this review, but some characteristics
explain the features of tobacco use disorder.'™**?" Although
initial exposure to nicotine is usually unpleasant (e.g., causes
nausea), continued exposure to nicotine causes rapid desen-
sitization of several nicotine subtypes, leading to the rapid
development of tolerance, such that more tobacco is needed
to achieve the desired effects.”? Desensitization can also
contribute to symptoms of craving and nicotine withdrawal,
the latter characterized by irritability, anger, difficulty con-
centrating, increased appetite, restlessness, depressed mood,
and insomnia, which can persist for at least several days after

discontinuation of nicotine.’*?*

Daily smokers typically
maintain saturation of nicotinic receptors, which prevents
craving and withdrawal symptoms; i.e., they self~medicate

to prevent unpleasant withdrawal symptoms and regulate

A problematic pattern of tobacco use leading to clinically significant impairment or distress, as manifested by at least two of

the following, occurring within a 12-month period

1. Tobacco taken in larger amounts or over a longer period than intended

2. Persistent desire or unsuccessful efforts to cut down or control tobacco use
3. A great deal of time is spent in activities necessary to obtain or use tobacco
4. Craving, or a strong desire or urge to use tobacco

5. Recurrent tobacco use resulting in a failure to fulfill major role obligations at work, school, or home (e.g., interference with work)
6. Continued tobacco use despite having persistent or recurrent social or interpersonal problems caused or exacerbated by the effects of tobacco (e.g.,

arguments with others about tobacco use)

7. Important social, occupational, or recreational activities given up or reduced because of tobacco use
8. Recurrent tobacco use in situations in which it is physically hazardous (e.g., smoking in bed)
9. Tobacco use continued despite knowledge of having a persistent or recurrent physical or psychologic problem that is likely to have been caused or

exacerbated by tobacco
10. Tolerance, as defined by either of the following:

a. Need for markedly increased amounts of tobacco to achieve the desired effect
b. Markedly diminished effect with continued use of the same amount of tobacco

11. Withdrawal, as manifested by either of the following:
a. The characteristic withdrawal syndrome for tobacco

b. Tobacco (or a closely related substance, such as nicotine) taken to relieve or avoid withdrawal symptoms

Classified as mild (2 to 3), moderate (4 to 5), or severe (6 or more). Adapted from the Diagnostic and Statistical Manual of Mental Disorders, 5th edition.?*
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Fig. 2. Schematic of how smoking produces pleasure and how abstinence causes withdrawal symptoms. Smoking a cigarette produces
a rapid increase in brain nicotine levels, activating brain nicotine acetylcholine receptors (nAChRs) that produce dopamine release in the
“pleasure centers” of the brain. Nicotine acetylcholine receptors become desensitized soon after activation, which produces acute tolerance
to nicotine. As nicotine levels fall, nicotine acetylcholine receptors become inactive (i.e., not bound to nicotine), reducing brain dopamine
levels and triggering nicotine withdrawal symptoms, which also increases cravings for cigarettes. Repeated activation also causes neural
plasticity that, among other actions, results in a conditioned response to smoking “cues” (i.e., smoking after meals), such that these cues
trigger craving for cigarettes. Thus, smokers are rewarded for continued nicotine consumption to maintain nicotine acetylcholine receptors

activation. Figure modified from Benowitz."

their cigarette consumption to this end.'” Exposure also
causes long-term plastic changes in brain function, changes
that are particularly pronounced in the adolescent brain.”
For example, exposure of adolescents to nicotine causes
increased rewarding effects of other abused drugs, and there
is a strong association between tobacco use and later anxi-
ety, depression, and other disorders of emotional regulation.
Finally, conditioning, another consequence of neural plas-
ticity caused by nicotine exposure, is an important compo-
nent of addiction.’*” With conditioning, smokers associate
particular moods or situations (e.g., smoking after meals)
with the pleasurable effects of nicotine, such that these
smoking-related “cues” trigger the desire to smoke—even
in those who have quit smoking for some period of time
and no longer suffer from acute nicotine withdrawal symp-
toms."” Patients with tobacco use disorder thus continue
to smoke for several reasons, including pleasurable effects,
avoidance of the unpleasant effects of nicotine withdrawal,
and conditioning—their brains are literally “rewired” in
complex ways to seek nicotine.

Natural History of Quitting

The profound effects of sustained nicotine exposure on the
brain can make it very difficult for patients with tobacco

use disorder to quit using tobacco, even though the major-
ity want to do so.”®** Each year, approximately half of smok-
ers in the United States make at least one quit attempt, most
without assistance.**! Although the majority eventually
succeed,” only about 1 in 20 unassisted attempts results in
long-term abstinence, such that almost all smokers require
multiple attempts—hence the frequent characterization of
tobacco use disorder as a chronic relapsing disease.*** Given
the importance of quitting to health, surprisingly little is
understood about the quitting process. Various theories of
behavior have been proposed. For example, the transtheo-
retical model postulates that health behavior change such as
quitting smoking involves progress through distinct stages
including contemplation, preparation, action (i.e., quitting),
and maintenance.** However, this and other theories have
proven largely unsatisfactory.* Most quit attempts appear
to be in fact unplanned and spontaneous,*** and those
who make an unplanned attempt may indeed be more
likely to succeed.* The only factors shown in the gen-
eral populations to consistently predict quit attempts are
the number of previous attempts and motivation to quit.”
Thus, life events that increase such motivation can play an
important role in the process—and as will be discussed in
a subsequent section, surgery is one such event that has a
powerful effect.
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Electronic Cigarettes: A New Pandemic Vehicle

Since their introduction in 2003, a new vehicle for the wide-
spread administration of the pathogen responsible for the
addictive properties of tobacco has emerged—electronic cig-
arettes, also known by a variety of other names such as elec-
tronic nicotine delivery devices.' Although there are many
different designs, all utilize a battery-powered atomizing
device to heat and vaporize a liquid solution, which is then
inhaled (“vaped”; fig. 3).>* Solutions usually contain humec-
tants such as propylene glycol and various flavors in addition
to nicotine. It is also possible to vape other drugs such as opi-
oids or cannabinoids. Although vapor does not contain the
combustion products present in cigarette smoke, heat applied
in the vaporization process creates a wide range of chemi-
cal compounds (such as formaldehyde) that can be pharma-
cologically active. As these devices have only recently come
under regulation by the U.S. Food and Drug Administration
(Silver Spring, Maryland) and regulatory authorities in

Atomizing
device and

Liquid-filLed
cartridge inhaler

MAYO
CLINIC

other countries, the actual composition of solution is often
unknown. In addition to electronic cigarettes, products have
also been developed that heat, rather than burn, tobacco to
produce a nicotine aerosol that can be inhaled (known as
“heat-not-burn” products). Two of these products are cur-
rently available in the United States, but they have not yet
achieved popularity, and nothing is known regarding their
potential effects in the perioperative period.”

Electronic Cigarettes as a Vehicle for Nicotine

Electronic cigarettes now play a significant role in initiat-
ing and sustaining nicotine use. In 2019, approximately 5%
of U.S. adults used these devices, especially young adults."
Alarmingly, in 2021, 11% of high school students and 3% of
middle school students used electronic cigarettes.” This rel-
atively high utilization has raised considerable concerns that
these devices not only expose the developing brain to the
deleterious effect of nicotine and promote addiction but also

LED indicator

L_ithium battery Light
chamber and
components

Simple Anatomy of the
E Lectronic Cigarette

33211061

Fig. 3. Typical components of electronic cigarettes. All utilize a reservoir for liquid containing the substance to be vaporized (e.g., nicotine), a
device to atomize this liquid to produce a vapor that is inhaled, and a battery with electronic control components. These devices have multiple
names and configurations. For example, in some devices, the liquid comes in prepackaged cartridges (as shown in this example), whereas
others utilize reservoirs (“tanks”) that can be filled with any solution the user desires (“juice”). Used with permission of Mayo Foundation for

Medical Education and Research, all rights reserved.®
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serve as a “gateway”’ facilitating a transition to smoking con-
ventional cigarettes,* a pattern noted in recent observational
studies.” Evidence suggests that despite protestations to
the contrary, companies producing electronic cigarettes
actively promote youth use through strategies such as fla-
vors and the renormalization of nicotine use (i.e., vaping as
glamorous) to generate lifelong users of their products.**
From this standpoint, these devices may threaten the prog-
ress made in fighting the tobacco pandemic.

Electronic Cigarettes as Nicotine Replacement

On the other hand, if cigarette smokers could switch to
electronic cigarettes as their means to consume nicotine,
it could reduce risk—to the extent that vapor may be less
harmful than cigarette smoke.” In addition, these devices
could function as a form of nicotine replacement therapy
to facilitate attempts to quit tobacco use. When used as
pharmacotherapy in randomized clinical trials of patients in
tobacco treatment programs, electronic cigarettes promote
quitting.®” Feasibility studies, including surveys and distri-
bution of electronic cigarettes in a preoperative clinic, have
also explored the potential for using electronic cigarettes
specifically to help surgical patients quit.®’*> In contrast,
observational studies that reflect use outside of randomized
clinical trials generally do not support the hypothesis that
cigarette smokers who use electronic cigarettes are more
likely to quit smoking (with some exceptions); many con-
tinue to use both (dual use).®* However, the quality of
evidence is low, the analyses are complex, and controversy
remains.*” %8 Thus, although some smokers have success-
fully used electronic cigarettes to quit, there is not yet good
evidence that these devices are effective for this purpose
across populations. In addition, similar to conventional cig-
arettes, most users of electronic cigarettes want to quit, but
may find it difficult to do so as they experience symptoms
of nicotine withdrawal and cravings.”* Methods to treat
electronic cigarette use are not yet well-established.”

“Safety” of Vapor

The potential benefits of trading one nicotine source (cig-
arette smoke) for another (vapor from electronic cigarettes)
depend on whether vapor is “safer” than cigarette smoke.
Unfortunately, evidence continues to accumulate that
inhaled vapor can have adverse physiologic effects. Vapor
exposure 18 cytotoxic to pulmonary cells in vitro and causes
lung inflammation in vive.”"’? Use is associated with an
increased incidence of respiratory diseases such as emphy-
sema and asthma’ and can cause severe acute lung injury
(e-cigarette or vaping product use associated lung injury).”*”
Vapor exposure causes acute increases in blood pressure and
heart rate and chronic changes in measures of arterial stiff-
ness consistent with increased cardiovascular risk, and detri-
mental changes in cardiovascular health in animal models.”*"
Accordingly, use of electronic cigarettes may be a risk factor

Anesthesiologists and the Tobacco Pandemic

for myocardial infarction, independent of any concurrent

cigarette use,”

although such observational data have mul-
tiple limitations, and other studies have failed to find such
associations.” Switching from conventional to electronic cig-
arettes may improve some measures of cardiovascular health
such as flow-mediated vasodilation.®” The risk of cancer is
unknown, although switching to electronic cigarettes reduces
exposure to carcinogens.®! Vaping may affect surgical wound
healing. Two animal studies found that both cigarette smoke
and vapor decrease survival of surgical free flaps in animal
models by a similar degree.®*® There are no data in patients
save two case reports of problems with flaps in vapers that do
not provide a convincing link.**¢ Thus, even if vapor may
prove “safer” than cigarette smoke in some respects, it is not

“safe”*

Effect of Surgery on Tobacco Use

The term “teachable moment” refers to health events that
motivate individuals to spontaneously (i.e., without treat-
ment) adopt risk-reducing health behaviors such as quit-
ting tobacco use.”™ Teachable moment events for smoking
cessation include disease diagnosis (especially those related
to tobacco use such as lung cancer), office visits, abnor-
mal test results, pregnancy—and surgery.”? Numerous
studies consistently show that receiving a surgical proce-
dure increases long-term quit rates, even if patients are not
treated for their tobacco use.”™ Quit rates are highest after
major inpatient procedures necessitated by smoking-caused
disease, such as lung resection for cancer and coronary
artery bypass grafting. However, less invasive procedures can
also motivate abstinence. An analysis of longitudinal data
from a nationally representative survey of adults older than
50 yr found that smokers undergoing major inpatient sur-
gery (heart, cancer, or joint replacement surgeries) were up
to twice as likely to quit compared with those who did
not have surgery, controlling for other factors including age,
sex, and a new medical diagnosis.”® Even those undergoing
more minor outpatient surgery were approximately 30%
more likely to quit. Approximately 1 in 12 quit events in
older Americans could be attributed to their undergoing
one of these four types of surgical procedures, representing
a powerful effect on population health.

Despite the dramatic effect of surgery on this hard-to-
change behavior, it is perhaps surprising that the mecha-
nism is not understood. Factors associated with quitting
include surgical acuity, perioperative intent to quit,
and self-efficacy (i.e., belief that quit attempts will suc-
ceed),”® but none of these factors explain the underlying
psychologic processes. A population-based analysis of lon-
gitudinal data examined the effect of children undergoing
surgical procedures on their parents’ smoking.” These par-
ents were more than twice as likely to make a quit attempt
compared with those whose children did not have surgery
but were not more likely to succeed in actually quitting.
Thus, whatever factors are operative, they are sufficient to
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motivate a quit attempt in this situation, but insufficient
to produce sustained quitting. It is not known whether
treatment for tobacco use disorder may be more effective
during “teachable moments” such a surgery, but the fact
that these parents were motivated to make a quit attempt
suggests that they may be receptive to treatment; clearly
such treatment is necessary for success in this instance.
Other work suggests that patients with some medical
comorbidities are more likely to make quit attempts, but
may not be more likely to succeed'—again suggesting
that the “teachable moment” effect may be enhanced by
effective treatment.

Treatment of Tobacco Use

Although most tobacco users quit without assistance, treat-
ment can more than double the odds that a quit attempt
will succeed." Even so, only approximately one of four
individual quit attempts by patients participating in good

d,'">1% and most users

tobacco treatment programs succee
require multiple attempts to maintain long-term abstinence,
reinforcing the concept of tobacco use disorder as a chronic
disease.*>* Like other chronic diseases such as hypertension
or diabetes, tobacco use disorder may not be “cured” by a
single treatment. However, the odds of success increase with
the number of attempts and treatments—so it is important
to make the most of every opportunity to motivate a quit
attempt and provide treatment.'” Even if treatment does not
result in quitting immediately, the fact that smokers made an
attempt increases the likelihood that a subsequent attempt
will succeed.®

Treatment Components

Optimal treatment includes two components: counseling
and pharmacotherapy.'™

Counseling can range from brief discussions with phy-
sicians'® to multiple sessions provided by trained tobacco
treatment specialists.'"!%%177 These healthcare professionals
are specifically trained to provide counseling services and
to manage pharmacotherapy. A variety of counseling tech-
niques are employed, with many grounded in principles of
cognitive behavioral therapy. Techniques such as motiva-
tional interviewing are used for patients not yet ready to
make a quit attempt, although it is not clear that these are
effective.!”® As with other areas of healthcare, the COVID-
19 pandemic prompted the expansion of telephone and
video-based counseling services, which are effective.'”
For example, in the United States, the National Cancer
Institute (Bethesda, Maryland) sponsors a single toll-free
number (1-800-QUITNOW) that provides access to free
state-sponsored “quitline” telephone counseling services.
Other methods such as text messaging and web-based
programs also show promise."*""? For all types of coun-
seling, efficacy increases with intensity, although even just
brief advice to quit by physicians increases quit rates by

Anesthesiology 2022; 137:484-508
Copyright © 2022, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

approximately 30%.'°"!% Effectiveness increases with the
total patient contact time and the number of counseling

sessions.'"!

3 Nicotine

Several medications increase quit rates.'!
replacement therapy was the first approved class and
remains a mainstay of therapy, as many forms are available in
the United States and other countries without a prescrip-
tion.""*!"> Nicotine replacement therapy can alleviate both
nicotine withdrawal symptoms and cravings for cigarettes.
Various formulations are available in different countries;
in the United States, skin patches, chewing gum, and loz-
enges are available without prescription, and nasal spray and
oral inhalers are available with a prescription. Formulations
can be combined according to need. For example, patches
provide extended release useful to prevent withdrawal,
while gum is more rapid-acting and can be useful for crav-
ings. Overall, nicotine replacement therapy increases quit
rates by approximately 60%.'"*!"> The overall safety pro-
file of nicotine replacement therapy is excellent, even in
patients with significant comorbidity such as cardiovascu-

lar disease.!'®!”

Approved first-line non-nicotine medica-
tions include bupropion and varenicline.'"® Bupropion is
an atypical antidepressant that blocks norepinephrine and
dopamine reuptake in the mesolimbic system and may also
act as an antagonist of nicotinic receptors. It also has an
excellent safety profile and has efficacy similar to that of
nicotine replacement therapy.'"® Varenicline is a partial ago-
nist of the a3, nicotinic receptor subtype that helps sustain
mesolimbic dopamine concentration and alleviate nicotine
withdrawal symptoms while blocking nicotine-induced
dopaminergic activation and thus the rewarding effect of
smoking. Varenicline is the most efficacious of available
medications, more than doubling quit rates.'”” Nausea is
the most common side effect. There were initial concerns
regarding whether varenicline increased risk of depression
and self-harm, but subsequent studies have not supported
this link." Both bupropion and varenicline should be
started 1 week before a quit attempt to achieve therapeutic
levels.

Approach to Treatment in Healthcare Settings

Evidence-based Guidelines

Given that tobacco use causes diseases, the relatively fre-
quent contact that users have with the healthcare system
provides opportunities to deliver tobacco treatment. A U.S.
Public Health Service (North Bethesda, Maryland)—spon-
sored Clinical Practice Guideline provides recommen-
dations for the implementation of tobacco treatment in
healthcare settings, stating that “it is essential that clinician
and health care delivery systems consistently identify and
document tobacco use status and treat every tobacco user
seen in a health care setting.”'”' The guideline recommends
the “5As” approach: ask every patient if they use tobacco,
advise them to quit, assess willingness to make a quit attempt,
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assist those willing to quit by offering medication and pro-
viding or referring for counseling, and arrange for follow-up
contact to prevent relapse. Each of these steps is supported
by compelling evidence for efficacy. Other countries have
issued similar guidelines.'*'? Unfortunately, these guide-
lines have proved challenging to implement into routine
clinical practice. Although most healthcare systems in the
United States attempt to ascertain tobacco use status (with
varying degrees of effectiveness), a minority of patients
receive even advice to quit on a consistent basis, much less

123-130 Similar results have been found

assistance or follow-up.
specifically in surgical patients. A national survey of anes-
thesiologists found that although most asked their patients
about tobacco use, only 30% reported advising them to
quit, and 5% provided any assistance.””! Indeed, only 5% felt
that it was part of their responsibility to provide assistance.
Other surveys of anesthesiologists and surgeons have found

similar results.'3>13%

Implementation of Recommendations in Clinical
Practices

Many have attempted to increase the provision of tobacco
treatment in clinical practices. In general, although such efforts
can succeed in the context of clinical studies, it has proven
much more difficult to embed them into routine clinical prac-
tice."*”!*" The most successful sustained efforts have targeted
hospitalized patients. Intensive practice support efforts such as
embedded outreach facilitators, decision-support tools within
electronic medical records, extensive clinician training, and
ongoing audits can increase the provision of tobacco treatment
to hospitalized patients and produce measurable improve-
ments in clinical outcomes.'*'** However, these efforts are
resource-intensive, and even so, many patients do not receive
treatment. In the absence of this intensive approach, results are
less favorable. A meta-analysis of studies examining efforts to
increase clinician delivery of tobacco treatment to hospitalized
patients found that such efforts increased the provision of assis-
tance, but did not affect asking about tobacco use, advising to
quit, or the provision of pharmacotherapy.'® A consortium of
nine research groups used a variety of locally tailored strategies
and pragmatic approaches to provide tobacco treatment to hos-
pitalized patients, but only two found that their strategies were
effective in increasing postdischarge quit rates.'*® Attempts to
increase the provision of tobacco treatment in outpatient set-
tings have had mixed results in terms of how frequently treat-
ment elements are provided."’'> There is little information
regarding effects on actual quit rates and no information about
whether efforts can be sustained in clinical practice.

Other Approaches

Given the very real challenges to implementing clinician-

delivered tobacco treatment,'*

two other approaches have
been proposed to consistently deliver tobacco treatment
in clinical settings. The first is a modification of the “5As”

approach, recognizing that most clinicians (and perhaps

Anesthesiologists and the Tobacco Pandemic

especially anesthesiologists) do not have the time or train-
ing to provide assistance (counseling and pharmacotherapy)
or arrange for follow-up. Rather, clinicians should ask their
patients about tobacco use, advise them to quit, and refer them
to other resources that could provide assistance and fol-
low-up—Ask-Advise-Refer."* ¥ Efforts to implement
the Ask-Advise-Refer approach have focused on systems
to facilitate referral and access to appropriate resources. Its
feasibility in practice is now well-established, as well as its
ability in study settings to increase referral to treatment reso
urces. 151159160 However, its sustainability in routine prac-
tice and its ability to actually increase quit rates remain to be
determined.’"!

The second approach challenges the utility of the third
component of the “5As”—uassess willingness to make a
quit attempt. In the “5As” paradigm, the offer of treat-
ment depends on the willingness of patients to make a
quit attempt.'”" Thus, the default option for smoking ces-
sation is “no treatment,” as treatment is only offered if
patients are willing to quit now. Richter and Ellerbeck'
recently made a persuasive argument that this approach
significantly limits the reach of tobacco treatment as only
a minority of patients state a willingness to make a quit
attempt. They proposed rather than the current “opt-in”
approach to treatment, an “opt-out” approach to tobacco
treatment should be adopted in clinical encounters. In this
framework, analogous to the approach to other chronic
conditions, the focus of the discussion would be on treat-
ment options and mechanisms to access these options
rather than first assessing readiness to quit. In other words,
the default would be treatment; patients could choose not
to accept treatment. In support of this concept, they note
that changing defaults has changed choice and outcomes
for numerous health behaviors, that most tobacco users
want to quit, and that there is little evidence of the utility
of “assessment” of readiness to quit. Contrary to some pre-
vailing theories of behavior change, there is little evidence
that tailoring interventions based on intent (as assessed
by the stage of change) affects the efficacy of interven-
tions.* Also, there is now evidence in healthcare settings
that offering treatment to all, not just those motivated to

quit immediately, is efficacious,*'*

and that pharmaco-
therapy can be efficacious even when applied to those not
ready to quit immediately.'® This “opt-out” proposal has
generated controversy but satisfies accepted principles of
medical ethics.'® Initial studies exploring this approach in
cancer and hospitalized patients have produced encourag-
ing results, but more work is needed to compare its effec-

tiveness with the “opt-in” strategy.'**'%

Benefits of Treating Surgical Patients

Risk of Tobacco Use

The perioperative period involves several clinical encoun-
ters that provide multiple opportunities to provide tobacco

Anesthesiology 2022; 137:484-508
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treatment. We have already reviewed how surgery can serve
as a powerful “teachable moment” to quit, with long-term
benefit to health. In addition, treating perioperative tobacco
use can improve perioperative outcomes, because tobacco
use increases perioperative risk,'” as has been recognized
for more than 75 yr.'® Mechanisms contributing to risk
include tobacco-induced disease (e.g., chronic obstruc-
tive pulmonary disease and coronary artery disease) and
the acute effects of tobacco constituents (such as carbon
monoxide in cigarette smoke).” A recent meta-analysis of
107 available studies found increased risk of pulmonary
complications (relative risk, 1.73; 95% CI, 1.35 to 2.23),
wound-related complications (relative risk, 2.15; 95% CI,
1.87 to 2.49), and neurologic complications (relative risk,
1.38;95% CI, 1.01 to 1.88) for current smokers compared
with nonsmokers.'® Although smoking can increase the

170 current smok-

risk of intraoperative myocardial ischemia,
ing was not associated with major cardiovascular compli-
cations (relative risk, 1.07; 95% CI, 0.78 to 1.45). Smoking
is also associated with delayed healing of bony fusions and
fractures,'”"™"”” and adverse outcomes after joint and fracture
surgeries.'”+!771% R ecent evidence suggests that smoking is
also associated with an increased risk of surgical bleeding,
perhaps reflecting vascular endothelial damage and inflam-

187—

mation caused by smoke constituents." ¥ Some studies

suggest that requirements for postoperative analgesics are

higher in current smokers,'*'%

3

although as reviewed else-
where,'” it is difficult to control for other confounding
variables in these observational studies. This same critique
can be applied to the observational studies that support
the link between smoking and the other complications,
although the evidence from randomized trials of tobacco
treatments reviewed in the next section supports the causal
role of smoking.

Secondhand smoke from others’ smoking also poses
risks.'** Approximately one in seven children undergoing sur-
gery in the United States are chronically exposed to second-
hand smoke,” which increases their risks of perianesthetic
respiratory events such as laryngospasm and bronchospasm
(relative risk, 2.52;95% CI, 1.68 to 3.77 in a meta-analysis of
15 studies).'” These risks of respiratory complications may
extend also to adults.""® Effects specifically on wound-re-
lated complications are unknown; one cohort study found
an association between secondhand smoke exposure and
a composite outcome of postoperative morbidity (which

included wound-related complications).'”

Benefits of Quitting

Quitting smoking reduces perioperative risk. A recent sys-
tematic review of 13 randomized trials concluded that both
intensive (defined as multisession in-person counseling ini-
tiated at least 4 weeks before surgery) and brief interven-
tions produced cessation at the time of surgery (pooled risk
ratios of 10.8 [95% CI, 4.5 to 25.5] and 1.3 [95% CI, 1.2
to 1.5] for intensive and brief interventions, respectively).>”

Anesthesiology 2022; 137:484-508
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Four trials examined whether smokers were abstinent 1
yr after surgery; only intensive (not brief) interventions
were efficacious (risk ratio, 2.96; 95% CI, 1.57 to 5.55).
More intensive interventions reduced the incidence of a
composite outcome of any complication (wound-related,
cardiovascular, or other complication requiring treatment;
risk ratio, 0.42; 95% CI, 0.27 to 0.65) and the incidence of
wound-related complications (risk ratio, 0.31;95% CI, 0.16
to 0.62); brief interventions did not. Trials and meta-analy-
ses subsequent to this systematic review are consistent with
these findings.?'="

The duration of preoperative abstinence necessary for
benefit has not been studied in randomized trials and likely
depends on the complication. Most of the randomized trials
showing benefit began treatment at least 4 weeks before sur-
gery. Data from observational trials suggest that it may require
several weeks of abstinence before the rate of pulmonary
complications decreases.”> ! Given the relatively short half-
life of active cigarette smoke constituents such as nicotine
(approximately 1h) and carbon monoxide (approximately
4h), even brief abstinence may be beneficial.** Randomized
trials are not available, but one observational study found that
among current smokers, smokers who smoked the morning
of surgery were 75% more likely to develop a surgical site
infection compared with smokers who did not.*'* Higher
intraoperative exhaled carbon monoxide values, indicative
of more recent preoperative smoking, are associated with an
increased risk of myocardial ischemia.” These findings sup-
port the practice of advising smokers to at least not smoke
on the morning of surgery—just like they “fast” from food,
they should also “fast” from cigarettes. A randomized trial of
tobacco treatment applied postoperatively in patients who
had received acute surgical repair of fractures found that
treatment reduced postoperative complications®"; i.e., even
just postoperative abstinence was beneficial.

A reduction in complications with quitting may translate
to a reduction in healthcare costs, although only observa-
tional studies comparing costs according to smoking status
are available. Evidence that current smokers have higher
costs for inpatient surgical care during admission compared
with never-smokers is mixed,?*?"* but postoperative costs
are increased.””® Modeling studies suggest that, as in other
settings, providing tobacco treatment to smokers undergo-

ing surgery is cost-effective.?'?%

Putative Barriers to Treating Surgical Patients

As noted, it has proved challenging to implement tobacco
treatment in clinical practice. There are several additional
potential barriers particular to the surgical setting which
have been addressed in recent work.

Safety of Nicotine Replacement Therapy

Concerns have been raised regarding the safety of nicotine
replacement therapy in surgical patients, primarily regard-
ing the potential for nicotine to cause vasoconstriction that

David 0. Warner
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could impair the healing of surgical wounds."”' As outlined

in recent reviews,>?'>%

evidence supporting the safety of
nicotine replacement therapy in the surgical setting includes
the following: (1) most of the studies showing the efficacy
of tobacco treatment to reduce perioperative complications
(including wound-related complications) include nico-
tine replacement therapy in the treatment arm; (2) animal
studies suggesting deleterious effects of nicotine on wound
healing utilize nicotine doses that exceed those provided
by nicotine replacement therapy; (3) randomized stud-
ies in an experimental human models show that nicotine
replacement therapy does not affect the beneficial effects of
abstinence from smoking on wound healing; and (4) a large
observational study (including more than 25,000 patients
undergoing major surgical procedures who received nico-
tine replacement therapy) showed no association between
nicotine replacement therapy and adverse outcomes,
including wound-related complications.?** Thus, available
evidence strongly supports the use of nicotine replacement

therapy to treat tobacco use in surgical patients.”***

Safety of Quitting Immediately before Surgery

Concerns have been raised regarding whether quitting
smoking shortly before surgery increases the risk of pul-
monary complications due to an increase in cough and
sputum production. This concern arose from a misinter-
pretation of experimental data®® and has persisted despite
the facts that (1) smoking cessation is not associated with
increased cough®® and (2) multiple studies, summarized in
two meta-analyses,””?” show that although several weeks
of abstinence may be necessary to reduce risk, quitting
shortly before surgery does not increase the risk of pulmo-
nary complications. Thus, although prolonged preoperative
abstinence likely has the greatest benefit, patients should
not be discouraged from quitting at any time before (or
after) surgery.

Increased Psychologic Stress and Nicotine Withdrawal
Caused by Perioperative Abstinence

Smoking acutely reduces psychologic stress,”’ and absti-
nence could add to the already considerable stresses posed
by surgery. However, studies show (1) no differences in
changes in measures of psychologic stress over the periop-
erative period between smokers and nonsmokers”’; (2) no
effect of nicotine replacement therapy on perioperative
stress or withdrawal symptoms in smokers”; and (3) surpris-
ingly little reported craving for cigarettes.” Thus, periop-
erative abstinence can be urged without fear of adding to
patient psychologic distress.

Patient Acceptance

Physicians may perceive that smokers already feel over-

whelmed around the time of surgery and do not want

131

physicians to address their smoking behavior.”' Evidence

Anesthesiologists and the Tobacco Pandemic

shows that most patients have favorable attitudes toward
attempting abstinence in the perioperative period,””?%22-2%
but are not well-informed about the acute perioperative
risks of smoking and the potential benefits of even tempo-
rary abstinence.?#'"* Most feel that their physicians are
credible and should talk to them about how their smoking
affects their risk.'?>2#$2%2% Thus, anesthesiologists should
not hesitate to do so.

Practical Methods to Treat Surgical Patients

Research studies find that treating surgical patients for their
tobacco use can reduce both tobacco use and perioperative
complications. As with so many other research findings, the
challenge is to implement these results into routine clini-
cal practice."
of implementing practical approaches into clinical prac-
tices and can provide guidance (table 2). Several themes are
apparent.

Fortunately, recent reports detail the results

Multimodal Treatment Maximizes Efficacy

Most successful programs incorporate four core components:
consistent ascertainment and documentation of tobacco use
(i.e.,“asking”),advice to quit, access to nicotine replacement
therapy or other pharmacotherapy, and referral to counsel-
ing resources (fig. 4). This approach can be conceptualized
as multimodal perianesthesia tobacco treatment, analogous
to multimodal analgesia—the combination of multiple
modalities that in isolation may be insufficient to provide
adequate analgesia but are more effective when combined.
In the same way, applying single components of tobacco
treatment in isolation may not be effective. For example,
telephone counseling services (“quitlines”) are a primary
referral resource in several studies. Treatments that incorpo-
rate quitlines are successful in many of these studies, 20"
but it is not possible to determine how the quitlines may
have contributed to this success. Observational studies show
a positive association between quitline utilization and the
odds of quitting postoperatively.?”?**2# However, random-
ized trials in other settings show that quitline utilization
may be simply a marker for those who would have quit
in any event.” The only study isolating quitline use as an
experimental factor (i.e., included no other component of
treatment) found only a nonsignificant trend toward greater
quitting at 30 days after surgery.”* Thus, quitline services
alone may not be sufficient, and need to be combined with
other treatment elements for efficacy. There are similar find-
ings for applying nicotine replacement therapy alone in the
perioperative setting without advice or counseling.”

Implementation of Multimodal Perianesthesia Tobacco
Treatment into Clinical Practice Is Feasible and Effective

Initial implementation of multiple treatment components
across practice sites is feasible and can be accomplished using
existing clinical personnel.>**24224258 Tyyo reports provide
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Anesthesiologists and the Tobacco Pandemic

Consistent ascertainment and documentation of tobacco use
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Fig. 4. Schematic of multimodal perianesthesia tobacco treatment, with four main components of consistent ascertainment and docu-
mentation of tobacco use, advice to quit by anesthesiologists and other clinicians, pharmacotherapy, and counseling. Goals of treatment
can include both sustained quitting and “quit for a bit” (from at least the morning of surgery to at least 1 week after surgery), which may be
attractive to some patients, and which may lead to sustained quitting. Also shown are representative evidence-based tactics that can be used

to accomplish each element.

to pharmacotherapy and counseling, depending on the
opportunities available in specific practice settings (fig. 4).
Investigators are exploring other strategies to increase the
feasibility of treatment, including additional methods of pro-
viding support such as text messaging services specifically
designed for surgical patients,*! and “opt-out” approaches
that simplify and facilitate referral to treatment.'%>1662%

Sustainability in Practice Is Key

Although recent progress is encouraging, considerable
work remains to ensure that all surgical patients who smoke
receive treatment, as there are not yet reports describing
large-scale, sustained treatment efforts embedded into prac-
tices. We do not lack a menu of proven tactics that can be
applied to perioperative patients (fig. 4), and many guide-
lines and recommendations for providing tobacco treat-
ment to surgical patients are available.'?"'>"2¢27* Achieving
the goal of incorporating these tactics into the routine care
of surgical patients (i.e., sustainability) requires an integrated
systems approach adapted to the particular needs of individ-
ual practices—one size does not fit all. For example, some
practices have ready access to in-person counseling services
that can provide multiple sessions, whereas others may
only have access to general quitline services. Fortunately,

considerable recent progress has been made in understand-
ing how changes in clinical practice occur through the
new discipline of implementation science””; understanding
these processes can guide efforts to make such changes. A
recent review presents the principles of implementation sci-
ence and how they can be applied to facilitate treatment of
surgical patients who use tobacco.'*

Getting Started

For those interested in how they can contribute to the fight
against the pandemic by helping their patients who use
tobacco, the task can seem daunting. However, there are
simple evidence-based steps everyone can take.

Ask every patient if they use tobacco (e.g., “Do you
currently smoke or vape?”), even if you already know the
answer. This communicates that you as an anesthesiologist
view this as an important topic. For example, anesthesiol-
ogists routinely confirm nil per os status, even when others
have already done so, because they think this is important.
Once ascertained, ensure that tobacco use status is accu-
rately documented in the medical record.

Advise all patients who use tobacco to quit for as long
as they can before and after surgery. Many smokers who
are not yet ready to quit for good are willing to “quit

Anesthesiology 2022; 137:484-508
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for a bit” (e.g., from at least the morning of surgery until
at least 1 week after surgery) if informed that it will
reduce perioperative risk.”® Emphasize that it is espe-
cially important for them to not use tobacco the morn-
ing of surgery—just like they are not to eat the morning
of surgery, they should also not use tobacco. Advice to
those who use electronic cigarettes may need to be more
nuanced if they are using these devices to quit conven-
tional cigarettes, although there is not yet evidence that
vaping is safer than smoking in the perioperative period.
Given this state of knowledge, most patients should be
advised to quit vaping as well.

These two actions alone are effective. To go further,
explore what counseling services may be available in your
healthcare system. These services are typically housed
within departments of pulmonary or cardiovascular med-
icine but may also be found in cancer centers and depart-
ments of respiratory therapy or nursing. If your system does
not have these services, everyone has access to telephone
counseling services in through a single toll-free number,
1-800-QUITNOW. Similar resources are also available in
many other countries. Consider mechanisms in your prac-
tice that can facilitate referral to these services. Such mech-
anisms can range from distributing cards and brochures
with quitline information to electronic decision support
tools that automatically refer all tobacco users to treatment
(fig. 4).'%¢

Ultimately, widespread implementation of consistent
multimodal perianesthesia tobacco treatment in practices
requires an implementation “champion.””® The primary
requirement of a champion is commitment; other elements
of the role can be learned. My own experiences in tobacco
research may be instructive. I was trained as a respiratory
physiologist during my anesthesiology residency, and my
interests in the tobacco pandemic originally came from a
desire to improve perioperative lung health. However, I was
a laboratory-based scientist at the time, with no training or
experience in public health or tobacco control. Thanks to
the supportive environment of the Mayo Clinic Nicotine
Dependence Center and a passion to make a difference, I
was able to change research direction and build a program
to generate and disseminate evidence supporting perioper-
ative tobacco treatment. Change is not always comfortable
or smooth, but as is the case with patients who struggle yet
succeed in changing their smoking behavior, ultimately can
be rewarding.

Based on the research of many investigators, profes-
sional societies and others have issued several guidelines
that are valuable sources of information.'?"'57-2%2"* Many
online materials (which can be accessed at www.quitfor-
surgery.com) are freely available, including education for
both clinicians and patients and useful implementation
information such as how tobacco treatment can be reim-
bursed in the United States (separate from anesthesia ser-
vices) and how outcomes of tobacco treatment can serve as

Anesthesiology 2022; 137:484-508
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Anesthesiologists Can Make a Difference

Of all the pandemics that have afflicted humanity, the
tobacco pandemic is among the most tragic because it is sus-
tained by human greed and could be largely eliminated—if
societies can muster the political will to do so. As observed
by Robert Proctor in his book Golden Holocaust,” .. .the
cigarette is the deadliest artifact in human history...and is
still, apparently, the only consumer product that kills when
used as directed. Half its users, in fact.” Anesthesiologists can
play a unique role in the fight against this pandemic, provid-
ing both immediate (reduction in perioperative risk) and
long-term (reduction in tobacco-related diseases) benefits
to their patients” health—if we choose to do so.
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