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Smoking Cessation

The proportion of adults who are smoking in the devel-
oped world is decreasing (one out of five adults smoke)
[1]. According to the US Centers for Disease Control and
Prevention (CDC), the proportion of adults smoking cig-
arettes in the United States decreased from 23.3% (46.5
million) in 2000 to 15.5% (37.8 millions) in 2016 [2].

Frequently, preoperative interventions aim at optimizing a
patient’s comorbidities, while minimal efforts are made to
modify lifestyle habits that also have been shown to increase
postoperative morbidity. Despite it is well proven that smok-
ing cessation is highly feasible, readily available, and a cost-
effective intervention, interventions to help surgical patients
quit smoking before surgery are rarely provided as routine
surgical care.

Interestingly, perioperative physicians systematically
inquire about lifestyle habits such as smoking, but this infor-
mation is primarily used to stratify perioperative risks rather
than triggering behavioral and lifestyle changes.

Current evidence demonstrates that preoperative smoking
is associated with increased morbidity and mortality [3].
Considering that smoking is a potentially modifiable preop-
erative risk factor, interventions that aim at helping patients
quit smoking before surgery should be more frequently
adopted. Perioperative physicians and caregivers should take
advantage of the perioperative period and encourage and
support patients to achieve short- and long-term smoking
cessation.
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Why, When, Who, and How?

Smoking: Perioperative Pathophysiologic
Changes

Airway and Respiratory System Smoking has been shown
to induce inflammatory changes and impair the respiratory
immune function. These effects are particularly important in
patients receiving general anesthesia during which some of
the physiologic mechanisms protecting the respiratory sys-
tem—such as bronchial mucus transport, macrophage func-
tion, and microbicidal cellular activity—are negatively
affected by smoking [4].

Smoking causes an alteration of the airway epithelial
function and mucus production (increased volume and
composition) and decreases mucociliary clearance [4, 5].
Clinically, these pathophysiologic changes can determine
an increased irritability of the airway that is associated with
intraoperative cough, laryngospasm, and breath holding
[4]. With time, hyperplasia of muscle fibers and fibrosis
caused by smoking determine a more rapid decline in
forced expiratory volume in 1 second compared to non-
smokers [4].

Cardiovascular System It is well recognized that smoking
is a risk factor for atherosclerosis, coronary artery disease,
heart failure, and peripheral vascular diseases. This is mainly
due to nicotine, but also to many other constituents of ciga-
rette smoke. Nicotine directly and indirectly, by stimulating
the sympathetic system, increases myocardial work by
increasing heart rate, blood pressure, and contractility.
Smoking causes coronary vasoconstriction in patients with
coronary artery disease, and it induces a hypercoagulable
and chronic inflammatory state [4].

Carbon monoxide (CO) released by smoking tobacco
decreases the amount of oxygen bound to the hemoglobin
and decreases oxygen release to tissue. These effects predis-
pose to angina and ventricular arrhythmia. Moreover, CO
and cyanide, also released in cigarette smoke, impair mito-
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chondrial respiration by inhibiting enzymes such as the cyto-
chrome c oxidase.

Considering that the half-lives of nicotine and carboxyhe-
moglobin are very short (1 and 4 hours, respectively), it is
plausible to expect that cardiovascular benefits could be
observed even for a brief period of smoking cessation. This
is supported by evidence demonstrating that carbon monox-
ide levels correlate with ischemic electrocardiographic signs
in anesthetized surgical patients. Improvement of smoking-
related diseases, such as atherosclerosis, coronary disease,
and peripheral vascular disease, may occur more slowly [4].

Wound and Bone Healing Many studies have reported that
smokers have a higher risk to develop postoperative wound
healing complications, such as dehiscence and infection.
Decreased tissue oxygenation caused by nicotine-induced
vasoconstriction and by carboxyhemoglobin, together with
many other risk factors, contributes to development of these
complications. However, experimental studies using high-
nicotine concentrations (far above the levels measured in
active smokers) have also suggested that smoking impairs the
tissue and immune response to injury, thus compromising
wound healing. Paradoxically, topical application of nicotine
to wounds has shown to promote angiogenesis and accelerate
healing [6]. These findings suggest that other substances than
nicotine produced by cigarette smoke might also affect wound
healing. The effect of nicotine on wound healing probably
depends on many other factors, such as dose, route of admin-
istration, acute vs. chronic exposure, and modulation of
neuro-inflammatory mechanisms involved in the response to
tissue injury [4]. Moreover, impaired nitric oxide release—
frequently present in patients with microvascular diseases
such as smokers—might further delay wound healing [4].

Similarly, smoking has been shown to impair bone heal-
ing and increase the risk of non-union especially after major
spine surgery. These risks are higher if smoking is continued
in the postoperative period. Several mechanisms have been
proposed [4]. Experimental studies have shown that nicotine
at relatively high dose negatively affects bone healing by
inhibiting several cellular pathways. In particular inhibition
of tumor necrosis factor-alpha (TNF-a) secretion through the
activation of the cholinergic anti-inflammatory pathway
seems to play a major role [7].

Nervous System Function Nicotine binds to the ion chan-
nel nicotine acetylcholine receptors (nAChRs) widespread in
the central and peripheral nervous system. Nicotine acetyl-
choline receptors are also located in the autonomic ganglia,
the adrenal glands, and at neuromuscular junctions. Several
subtypes of nAChRs have been identified, depending on
their subtype units. Nicotine acts mostly as a receptor ago-
nist, but when it binds certain nAChR subunits, it antago-
nizes the effect of acetylcholine. Because of the ubiquity of

nAChRs, activation of these receptors produces different
effects, depending on the anatomical location and type of
subunits activated. In the central nervous system (CNS), acti-
vation of nAChRs modulates the release of several neu-
rotransmitters that influence several CNS functions. As a
result, the effect of nicotine on the CNS function is not com-
pletely understood and is complex in nature. Nicotine can
produce psychotropic effects, such as reward and pleasure,
by activating the dopaminergic system, but it can also cause
unpleasant effects, such as anxiety and agitation, especially
in nicotine-naive patients.

Experimental and clinical studies also demonstrate that
nicotine affects nociception, but the effects are complex
and inconsistent. Animal studies show that systemic nico-
tine produces a mild analgesic effect when it stimulates
nAChRs located in the CNS, while it increases pain percep-
tion when it stimulates nAChRs of peripheral nerves.
Clinically, most of the studies have demonstrated that
smoking increases pain threshold and tolerance, but other
studies performed in smokers undergoing coronary artery
bypass graft, oral surgery, and pelvic surgery have shown
an increase of postoperative opioid requirements [4].
Although baseline and postoperative pain thresholds might
be lower in smokers than in non-smokers, postoperative
increase of pain score does not differ [8]. Evidence that
nicotine affects perioperative pain perception comes also
from the reported effects of abstinence and nicotine replace-
ment therapy on pain thresholds in nonsurgical and surgical
patients. Nicotine replacement therapy (NRT) has shown to
modify pain thresholds differently, depending on patients’
gender. In fact, although NRT has shown to increase the
pain threshold in both smoking and nonsmoking individu-
als, this effect was observed only in men [9]. Moreover,
intranasal nicotine injected in nonsmoking patients under-
going gynecological surgery has demonstrated to decrease
pain intensity and opioid consumption in the first 24 hours
after surgery [10]. However, a following randomized con-
trolled trial (RCT) in patients undergoing gynecological
surgery and receiving a 3-day NRT patch (1 hour before
surgery and 2 days after surgery) did not confirm these
results [11]. Epidemiological studies have reported that
smoking is a risk factor for chronic pain [12].

Experimental trials also demonstrate that anesthetic
agents inhibit nAChRs located in the CNS, but it remains
uncertain whether smoking status affects anesthetic require-
ments [4].

Long-term exposure to nicotine can cause tolerance as a
result of nAChR desensitization and plastic changes in the
central nervous system. These changes are also responsible
for somatic and affective nicotine withdrawal symptoms.
Because of these long-lasting CNS effects, these symptoms
can manifest within a few hours from abstinence and last for
several weeks [4, 13] (Fig. 8.1).



8 Perioperative Smoking and Alcohol Cessation

67

Fig. 8.1 Clinical risk and

time required to recover

physiologic functions and High risk
improve smoke-related ~.
symptoms following smoking S<
cessation and preoperative

risk. (1 = improvement.

Adapted from [13])

Low risk

Smoking and Smoking Cessation
With and Without Perioperative Interventions:
Impact on Clinical Outcomes

Overall Complications and Mortality Smoking is associ-
ated with higher postoperative mortality and morbidity [3,
14]. The effect of smoking on postoperative outcomes seems
procedure specific, with higher morbidity, reoperation, and
readmission rates after cardiovascular and oncologic surgery
[15]. This risk is higher in both active smokers and in ex-
smokers (the risk in active smokers is higher than in ex-
smokers) compared to patients who never smoked [14,
16-18]. It also increases proportionally to the number of
pack-years smoked [3, 17]. Overall, preoperative smoking
cessation interventions reduce postoperative complications
by 60% [19]. A meta-analysis including 21 RCTs and 15
observational trials demonstrated that each additional week
of smoking cessation further decreases by 19% the risk of
developing complications and that the magnitude of this
effect was greater after 4 weeks of smoking abstinence [20].

Cardiovascular Complications Whether or not preopera-
tive smoking is an independent risk factor for major cardio-
vascular complications still remains controversial. This
might explain why many cardiovascular score systems used
to predict perioperative cardiovascular risk—except the
American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP) calculator—do not
include smoking status. However, data from the ACS NSQIP
demonstrate that in 82,304 active smokers undergoing major
noncardiac surgery, and propensity matched with 82,304
patients who never smoked, the risk of cardiac arrest, myo-
cardial infarction, and stroke was higher (odds ratio [OR]
1.57, 95% confidence interval [CI], 1.10- 2.25; OR 1.73,
95% CI 1.18-2.53; OR 1.80, 95% CI 1.11-2.92, respec-
tively) [3]. A similar cohort study from the same registry also

T Tissue oxygenation

T Mucociliar function
Mucus production
Coughs and wheezing

T Immune function
T Cellular response to injury

Airway sensitivity to muscarinic agonists
Respiratory inflammatory changes

2—-12 weeks >12 weeks

Time

confirmed that arterial cardiovascular complications were
more frequent in active smokers than ex-smokers who quit at
least 1 year before the date of surgery [14]. RCTs demon-
strating that preoperative smoking cessation reduces cardio-
vascular morbidity are lacking. One RCT conducted in
surgical patients undergoing orthopedic surgery reported that
cardiovascular complications were reduced in patients
receiving preoperative smoking cessation, but this difference
was not significant [21].

Respiratory Complications Several studies have reported
that smoking is a risk factor for postoperative pulmonary
complications (PPCs). In particular it increases the risk of
respiratory failure, unplanned intensive care unit, pneumo-
nia, laryngospasm and bronchospasm, desaturation in post-
anesthesia care unit (PACU), and increased need for
postoperative respiratory therapy [17]. Smoking status is
considered the most preventable preoperative risk factor for
reducing PPCs. Some prospective studies, aiming at evaluat-
ing the independent predictors of PPC, did not identify pre-
operative smoking as an independent risk factor for PPCs,
suggesting that low-risk smoking patients might not be at
increased risk [22].

It must be also considered that it is difficult to establish if
the observed increased respiratory morbidity is due to
tobacco smoke itself or to the severity of the respiratory dis-
ease caused by smoking. However, children without respira-
tory disease undergoing surgery under general anesthesia
and who have been exposed to environmental tobacco
smoke also have a higher risk of developing PPCs [23, 24],
suggesting that smoke per se can increase the risk of devel-
oping PPCs.

Reversibility of the respiratory effects of chronic smoke
exposure mainly depends on whether patients have devel-
oped a chronic obstructive lung disease. Several observa-
tional studies demonstrate that preoperative smoking
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cessation for more than 4-12 weeks is associated with a
reduction in PPCs [25]. In the past, few underpowered stud-
ies demonstrated that in patients undergoing cardiac surgery,
the risk of developing PPCs is higher if patients abstained
from smoking less than 8 weeks before surgery compared to
patients who continue to smoke up to 24 hours before sur-
gery. However, these findings have never been reproduced,
and current evidence demonstrates that preoperative smok-
ing cessation is always beneficial, and its effects are more
pronounce with longer period of abstinence [4, 20, 26, 27].
The UK National Institute for Health and Care Excellence
(NICE) smoking cessation guidelines unrestrictedly pro-
motes preoperative smoking cessation [27]. A recent obser-
vational trial conducted in patients undergoing curative lung
cancer resection demonstrated that patients actively smoking
at the moment of surgery had higher PPCs (22% vs. 2%;
p = 0.004), higher frequency of intensive care admission
(14% vs. 0%; p = 0.001), and a longer median hospital stay
(6 vs. 5 days; p =0.001). PPCs were not significantly differ-
ent in patients who quit smoking 6 or more weeks before
surgery compared to patients who quit less than 6 weeks.
Also, patients who never smoked seemed to have better long-
term survival after surgery [28]. Information about smoking
cessation interventions (if any) were not reported. Although
preoperative smoking cessation interventions aiming at
reducing PPCs in high-risk patients have been not specifi-
cally studied, rehabilitation programs following major lung
resections have shown to facilitate smoking cessation and,
although not statistically significant, reduce PPCs (after
adjusting for chronic obstructive pulmonary disease [COPD]
and smoking); having the intervention tended to reduce the
risk of developing a PPC (OR = 0.40, 95% CI 0.13-1.01;
p=0.07) [29].

Wound and Bone Healing Sgrensen et al. demonstrated
that, by pooling 140 cohort studies including 479, 150 sur-
gical patients, smoking increases the risk of wound healing
complications. In particular the risk of tissue and wound
necrosis (adjusted OR [OR,4] 3.60, 95% CI 2.62-4.93),
healing delay and dehiscence (OR,, 2.07, 95% CI 1.53 =to
2.81), surgical site infections (OR, 1.79, 95% CI 1.57-
2.04), wound complications (OR,q 2.27, 95% CI 1.82-
2.84), hernia (OR,4 2.07, 95% CI 1.23-3.47), and lack of
healing (fistula and bone healing) (OR, 2.44, 95% CI
1.66-3.58) was higher in smokers compared to non-smok-
ers [18]. Moreover, the risk of wound healing complication
was higher in former smokers than in patients who never
smoked (OR,; 1.31, 95% CI 1.10-1.56), but lower in for-
mer smokers than in patients who never quit (OR,4 0.28,
95% CI 0.12-0.72) [18]. These results were in agreement
with the results reported by previously published meta-
analysis [20]. Reversing the negative effects of nicotine and
carboxyhemoglobin on wound healing could take a few
hours, while to reverse the nicotine effects on the tissue and

immune response to injury might take longer (months).
Sgrensen et al.’s meta-analysis also evaluated the impact of
smoking cessation interventions on postoperative wound
healing complications. The analysis included 4 RCTs
including 416 patients undergoing abdominal and orthope-
dic surgery and utilizing different smoking cessation inter-
ventions ranging from low, intermediate, to high intensity.
Pooled analysis demonstrated that despite surgical site
infections being significantly reduced in patients who
received smoking cessation (OR 0.40, 95% CI 0.20-0.83),
wound healing complications were not (OR 0.48, 95% CI
0.19-1.25) [18]. Interestingly, among the four trials
included the only study that utilized a prolonged and
intense smoking cessation intervention (6—8 weeks before
surgery of individual counseling, NRT, and weekly follow-
up, and continued postoperatively for 10 days), which
showed reduction of both wound healing complications and
surgical site infections after hip and knee arthroplasty [21].
This study also reported higher preoperative smoking ces-
sation rates (complete abstinence) in the intervention group
compared to the control group (60% vs. 6%, respectively)
[21]. Similar results were also reported by other meta-anal-
yses [30].

Perioperative Smoking Cessation Interventions:

Short- and Long-Term Smoking Cessation Rates

Perioperative nicotine abstinence should be considered a
“teachable moment” (i.e., an event that motivates individu-
als to adopt healthy behaviors that reduce risk [31]) to help
patients achieve short- and long-term smoking cessation.
Despite being challenging, perioperative smoking cessa-
tion was achieved in a significant proportion of surgical
patients [19]. In an RCT of 168 patients undergoing non-
cardiac surgery, Lee et al. demonstrated that preoperative
smoking cessation following an intense cessation program
(initiated at least 3 weeks before surgery and including
brief counseling by the preadmission nurse, smoking cessa-
tion brochures, referral to a telephone quitline, and a free
6-week supply of transdermal nicotine replacement) was
achieved in a higher proportion of patients receiving the
intervention, compared to patients who did not (14.3% vs.
3%, relative risk [RR] 4.0, 95% CI 1.2-13.7) [32]. Thirty-
day smoking cessation rates were also better (28.6% vs
11% RR 2.6, 95% CI 1.2-5.5) [32]. A long-term follow-up
of the same trial [32] demonstrated also that long-term
smoking cessation at 1 year can be achieved in approxi-
mately 25% of surgical patients (RR 3.0, 95% CI 1.2-7.8;
p = 0.018) [33]. Low-nicotine baseline dependency and
randomization to the intervention (smoking cessation) were
found to be both successful independent predictors of long-
term abstinence. Results did not change if data were
adjusted for nicotine dependency [33]. Combined strate-
gies are more successful than single interventions.
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Moreover, the success of perioperative smoking cessation
depends on the intensity and duration of the intervention.
Detailed discussion will follow.

When and Whose Responsibility?

Clinical data suggest that in the perioperative period, nicotine
abstinence contributes to reduced postoperative morbidity.
Smoking cessation always should be advised before surgery,
independently of the timing of the intervention [27]. Although
the optimal duration to reverse the adverse effects of smoking
and improve postoperative outcomes is currently unclear, lon-
ger periods of intense preoperative smoking cessation inter-
ventions (3—4 weeks or longer) are associated with better
perioperative outcomes, especially less pulmonary, wound
healing, and infectious complications [17, 19, 20].

These data highlight the importance of promoting smok-
ing cessation as early as possible in the preoperative period
course—ideally at the time of surgical referral or scheduling.
Caregivers involved in the perioperative care of patients (sur-
geons, anesthesiologists, internists, general practitioners
[GPs], and nurses) should all recommend smoking cessation
before surgery, at every opportunity. Specialized nurses in
smoking cessation are also a useful resource, especially in the
context of a preoperative clinic. Although the preoperative
clinic visit represents an ideal moment to initiate smoking
cessation interventions, patients are often seen only few days/
weeks before surgery, thereby limiting the utilization of valu-
able smoking cessation resources. Alternatively, general prac-
titioners who are already aware of the patient’s medical
history and of the effectiveness of smoking cessation in the
general population might play an important role in facilitating
smoking cessation in prevision of surgery. GPs have the
opportunity to better exploit the preoperative period to pro-
mote the importance of preoperative nicotine abstinence and
initiate smoking cessation interventions at the time of diagno-
sis, way before surgical referral [34].

However, several barriers such as perception of lack of
effect; lack of clinical time, skills, and professional training;
reluctance to raise this issue due to patient sensitivity about
smoking; perceived lack of patient motivation; and inability
to use effective strategies prevent this practice, especially in
the perioperative period [34]. When preoperative smoking
cessation is not possible, postoperative nicotine abstinence
has also proven benefits to achieve smoking cessation and
improve postoperative outcomes [4].

How?

Generally, quitting smoking is difficult and rarely successful
even in nonsurgical patients and individuals [35]. From a
surgical patient’s perspective, the preoperative period is not

Table 8.1 The “5 A’s” that are the major steps to smoking
intervention

1. Ask Identify and document tobacco use status for every
patient at every visit

2.Advise  In aclear, strong, and personalized manner, urge every
tobacco user to quit

3. Assess  Is the tobacco user willing to make a quit attempt at this
time?

4. Assist For the patient willing to make a quit attempt, use
counseling and pharmacotherapy to help him or her quit

5. Arrange  Schedule follow-up contact, in person or by telephone,

preferably within the first week after the quit date

Reprinted from Five Major Steps to Intervention (The “5 A’s”). Content
last reviewed December 2012. Agency for Healthcare Research and
Quality, Rockville, MD. https://www.ahrq.gov/professionals/clini-
cians-providers/guidelines-recommendations/tobacco/5steps.html

the easiest and ideal moment to quit smoking. A simple
preoperative recommendation could work in some very
motivated patients, but it will not be successful in the major-
ity. The awareness of being diagnosed with a certain disease
and the wait for the upcoming surgery can generate anxiety
and paradoxically increase the number of cigarettes smoked,
especially a few days or hours before the operation. This
highlights the importance of utilizing specialized resources
and personnel to successfully help patients to quit smoking
before surgery [36]. The framework of 5As method could
provide a systematic approach to identify, assist, and follow
up smokers waiting for surgery [37] (Table 8.1).

Monitoring smoking cessation attempts is important, and
it can be easily done by using relatively inexpensive, hand-
held, expired-air CO monitors. CO concentrations above
10% warn for immediate attention.

Perioperative smoking cessation interventions can be
divided into counseling or pharmacotherapy.

Counseling

In the perioperative period, a variety of methods can be used
to discuss the importance of smoking cessation and to facili-
tate the achievement of this objective. Counseling should
first advise the patient to quit smoking in preparation for
surgery, then assist the patient in devising a personalized
quit plan, provide practical problem-solving skills, help the
patient to obtain social support (e.g., from a spouse), and
provide supplemental educational materials (e.g., bro-
chures). These interventions can be delivered by a variety of
providers with equal effectiveness. The effectiveness of
counseling is independent from gender, ethnicity, age, and
different social backgrounds [38]. Advising patients to quit
smoking before surgery is the first step. In nonsurgical indi-
viduals, a simple advisory has a marginal but important
effect on smoking cessations, as it increases quit rates by
only 1-3% [39]. Patients with low literacy might find it dif-
ficult to understand the importance of smoking cessation.
Even a simple and brief (<3 minutes) discussion with the
patient about the importance of smoking cessation is useful,


https://www.ahrq.gov/professionals/clinicians-providers/guidelines-recommendations/tobacco/5steps.html
https://www.ahrq.gov/professionals/clinicians-providers/guidelines-recommendations/tobacco/5steps.html

70

G. Baldini

and it increases quit rates [38]. This message also should be
delivered and reinforced by clinical nurses working with
surgeons or in the preoperative clinic. A dose-response rela-
tionship exists between the duration and intensity of the
intervention and efficacy. Increasing the amount of behav-
ioral support increases smoking cessation rates by 10-25%
[40]. Efficacy also increases by combining different coun-
seling formats [38]. These include in-person individual
(face-to-face) or group counseling or telephone counseling.
Free Web-based and text messaging cessation support or
mobile apps are also available. Telephone counseling can be
proactive (the counselor initiates one or more calls to sup-
port patients trying to quit smoking or avoid relapse) or
reactive (the patient calls a specific service, telephone quit-
line, hotline, or helplines) [38].

Telephone quitlines are widely available, nationally and
regionally. They can be accessed from the community, before
and after surgery, without requiring a significant increase in
resources. Their efficacy is well proven, and preliminary data
show benefits even in patients with severe mental illness in
whom smoking cessation is more challenging [41]. Call-
back counseling enhances the effectiveness of telephone
quitlines. Higher quit rates have been observed in patients
who received proactive counseling (most of the studies dem-

. Nicotine replacement therapy I

Iareniclin*

onstrating benefits included at least two phone calls) com-
pared to patients receiving reactive counseling [42].

Utilization of these community-based interventions might
be particularly valuable in surgical patients, as they could
eventually unburden GPs and perioperative physicians who
frequently work with limited time and resources. Early refer-
ral is pivotal to maximize the effect of smoking cessation on
postoperative outcomes.

Pharmacotherapy

Several pharmacological agents can be used depending on
the timing of the intervention, patient’s comorbidities, smoke
history (pack-years), patient psychological characteristics,
and preference. First-line pharmacologic therapies include
NRT, varenicline, and bupropion (Fig. 8.2).

Nicotine Replacement Therapy (NRT) A cigarette con-
tains 10-15 mg nicotine and delivers on average 1 mg nico-
tine to the smoker [43]. The peak plasma nicotine
concentration during smoking is 10-50 ng/mL with about
5% being protein-bound. The half-life averages 2 hours.
Genetic variability in nicotine metabolism explains the
higher concentrations of nicotine metabolites in black smok-
ers than in white smokers [43]. Plasma nicotine concentra-
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Fig. 8.2 First-line pharmacologic therapies include nicotine replace-
ment therapy, varenicline, and bupropion. CV, cardiovascular; MAO,
monoamine oxidase inhibitors; NRT, nicotine replacement therapy. (s
Decrease by up-titrating the dose; #:* lower than expected; benefits of

stop smoking outweigh the risk of varenicline; s oral hypoglycemic
agent, antidepressant; s discontinue in patients requiring a vascu-
lar graft. | decrease; 1 increase. Adapted from [44])
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tions measured in patients receiving any form of NRT are
lower than those observed in active smokers, even when
patients do not completely quit [4].

A variety of studies conducted in the nonsurgical general
population have well established the effectiveness of
NRT. NRT can be delivered with nicotine patches (long-
acting effect) and/or though nicotine gum, inhalator, mouth
spray, lozenge, sublingual microtablet, and nasal spray (rapid-
and short-acting effect) [43, 44]. In the general population, all
forms of NRT are effective in increasing smoking cessation
rates by 50-70%, independently from the setting, duration of
the therapy, and the additional support offered to the individ-
ual [45]. In surgical patients, the majority of studies demon-
strating an increase in smoking cessation rates used NRT
[19]. Moreover, the impact of smoking cessation interven-
tions including NRT on postoperative complications seems to
depend on the intensity and duration of the intervention [18—
20, 30]. NRT initial dose depends on the number of cigarettes
smoked per day (Fig. 8.3 McGill smoking cessation proto-
col), and NRT products can be used while patients are still
smoking. The dose is gradually tapered, and NRT is recom-
mended until 2—-3 months after smoking cessation.

Combining a NRT patch with a rapid delivery form is par-
ticularly useful in nicotine-dependent patients (smoking
within 30 minutes of waking in the morning or smoking
more than 10 cigarettes a day [44]) to control withdrawal and
craving symptoms [44]. Moreover, combining different NRT
formulations (short- and long-acting NRT) is more effective
(smoking cessation) than a single NRT intervention [45].
There is also evidence that NRT patch initiated for 2 weeks
before quitting smoking is more effective than starting NRT
on quit day [44, 45]. Combining different NRT products
does not significantly increase nicotine plasma concentra-
tions that are anyway lower than those achieved in patients
smoking one pack per day [44, 45].

NRT side effects are mild and generally improve over
time. They include gastrointestinal symptoms (nausea, vom-
iting, abdominal pain, diarrhea), headache, and dizziness and
depend on the delivery method [43]. An NRT patch can
cause skin irritation and disturbed sleep, while an oral for-
mulation can cause sore mouth, heartburn, or hiccups [43,
44]. In the presence of side effects, the NRT dose can be
titrated down or changed to another formulation or medica-
tion. NRT dependence is rare [43].

Preoperative smoking cessations provide benefits that far
outweigh the cardiovascular risk of continuing smoking or of
the potential risk of using NRT until surgery [3, 21, 46, 47].
The safety of NRT in patients with stable cardiovascular dis-
ease is well established [43]. This is probably due to the fact
that adverse events caused by smoking are also due to other
constituents present in the cigarette smoke and that peak
plasma nicotine concentrations produced by cigarettes are
higher than those observed during NRT [4]. Nicotine plasma

concentrations of smokers receiving NRT are lower even in
patients who do not completely quit smoking before surgery
[4]. Moller et al. reported a nonsignificant reduction of car-
diovascular complications in surgical patients receiving NRT
(0% vs. 10%, p = 0.07). Higher heart rate has been observed
post tracheal intubation in surgical patients receiving NRT
patch compared to patients receiving placebo [48].

Beneficial effects of NRT also have been observed in
studies evaluating wound healing [4, 49]. Some studies have
also shown that NRT promotes angiogenesis, thus suggest-
ing that NRT does not negatively affect wound healing [4].
On the contrary, the study by Moller et al. demonstrated that
preoperative smoking cessation interventions including NRT
were particularly beneficial in reducing wound-related com-
plications [21]. Many orthopedic surgeons avoid NRT
because of concern that it will impede bone healing.
However, clinical trials demonstrating that perioperative
NRT negatively affect bone healing compared with smoking
tobacco is lacking [43].

Whether to discontinue NRT patches 24 hours before sur-
gery or continue use throughout the entire perioperative period
is controversial. Most of the studies demonstrating reduction
in complications following preoperative smoking cessation
interventions including NRT patch did not interrupt NRT
before surgery [18-21, 30]. NICE guidelines suggest discon-
tinuing NRT 24 hours before surgery, in particular for patients
undergoing microvascular reconstructive procedures [27].

Varenicline Varenicline is a partial nicotine agonist that
has been successfully used to alleviate craving and with-
drawal symptoms and to reduce the rewarding effect of
smoking [43, 44, 50]. The results of a network meta-analy-
sis found that varenicline is the most effective pharmaco-
logical intervention to achieve abstinence (assessed at
6 months or after initiation of the intervention) when com-
pared to NRT alone (OR 1.57; 95% credible interval [CredI]
1.29-1.91) or bupropion (OR 1.59; 95% 95% CredlI 1.29—
1.96), but not when it was compared to combined NRT
interventions (OR 1.06; 95% Credl 0.75-1.48) [51].
Pharmacologic superiority of varenicline as monotherapy to
achieve smoking abstinence (assessed at 9-12 weeks after
initiation), compared to NRT or bupropion, was also con-
firmed in a large multicenter RCT [52]. Varenicline is also
more effective than NRT and bupropion to achieve short-
term smoking cessation, defined as 4 weeks post target quit
date [53]. Treatment should be initiated with 0.5 mg per os
once a day for 3 days and progressively increased over time
(Fig. 8.3). Dosage should be reduced in patients with
reduced renal function [44].The most common side effect of
varenicline is nausea (mild to moderate) in 30% of users.
However, it rarely causes discontinuation, observed only in
3% of the patients [44]. Nausea can be reduced by up-titra-
tion of the dose and by consuming the drug with food [44].
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Sleep disorders such as insomnia or abnormal dreams are
also common. Post-marketing reports have described
depression, agitation, changes in behavior, and suicidal ide-
ation with the use of varenicline. However, the results of a
meta-analysis including 17 RCTs did not confirm these
findings in patients with and without mental illness [54].
Moreover, the results of a recent large multicenter RCT fur-
ther validate the safety of varenicline [52]. Current evidence
does not indicate cardiovascular toxicity [43].

Two RCTs evaluating the perioperative efficacy of vareni-
cline in patients undergoing noncardiac surgery demonstrated
that varenicline is effective in achieving long-term smoking
cessation, when compared to placebo [55] or to brief non-
pharmacological smoking cessation interventions [55, 56].
However, it did not impact postoperative outcomes [19].

Bupropion Bupropion is an antidepressant, and it could be
administered in patients with nicotine addiction and
depressed mood. It decreases the urge to smoke and symp-
toms of withdrawal. Its effectiveness improves when used
together with NRT. Dosing of bupropion is 150 mg per os
daily for 3 days followed by 150 mg per os twice daily for up
to 12 weeks, and it is usually started 1-2 weeks before a
patient starts to quit [4]. It is contraindicated in patients with
seizure, with eating disorders, or taking monoamine oxidase.
Caution should be used in patients who take medications that
reduce the seizure threshold such as hypoglycemic agents
and antidepressants [44].

The risk of neuropsychiatric and cardiovascular toxicity
in individuals using bupropion is not higher than those
receiving placebo [51]. One small RCT of surgical patients
treated with bupropion as monotherapy to achieve preopera-
tive smoking cessation demonstrated that bupropion is useful
to reduce the number of cigarettes smoked before surgery,
reduce end-expired CO, increase arterial oxygen saturation
on pulse oximetry before surgery, and increase smoking ces-
sation rates at 3 weeks but not 6 weeks, after surgery [57].

Other Pharmacological Agents and Methods A variety
of other pharmacological agents and methods have been
used to achieve smoking cessation, but their efficacy is not
proven in surgical patients. In particular, the efficacy of
electronic cigarettes to achieve smoking cessation is mar-
ginal compared to smokers receiving placebo, and it is not
superior to results reported with approved pharmacological
agents [58]. However, they do not produce carcinogens and
toxins as conventional cigarettes. Perioperative studies
investigating the ability of electronic cigarettes to achieve
smoking cessation are lacking. Due to the lack of safety data
in surgical patients, electronic cigarettes cannot be recom-
mended as a strategy to achieve preoperative smoking ces-
sation, and patients already using electronic cigarettes
should be encouraged to substitute nicotine assumption with
NRT products before surgery [58, 59].

Duration and Intensity of Preoperative Smoking
Cessation Interventions, Smoking Cessation

Rates, and Complications

The best strategy to support preoperative tobacco abstinence is
unknown, and individualized interventions are more likely to
be effective. In the general population, a combination of coun-
seling with pharmacotherapy increases smoking cessation
rates (RR 1.82,95% CI 1.66-2.00) [42, 44, 60]. These data are
also confirmed in surgical patients. Overall, preoperative pro-
longed (4 weeks or longer) and intense (pharmacological ther-
apy combined with preoperative counseling) interventions are
very effective to increase preoperative and long-term smoking
cessation rates, compared to patients not receiving any inter-
ventions (RR 10.76, 95% CI 5.55-25.46 and RR 2.96, 95% CI
1.57-5.55, respectively) [19, 59]. Brief preoperative smoking
interventions (without follow-up) also increase preoperative
and long-term smoking cessation rates but not to the same
extent (RR 1.30, 95% CI 1.14-1.46, and RR 2.29, 95% CI
1.14-1.61, respectively), compared to patients not receiving
any interventions [19, 59]. In contrast, postoperative compli-
cations are reduced only by preoperative intense smoking ces-
sation interventions, by almost 60% (RR 0.42, 95% CI
0.27-0.65) [19, 59].

Finally, it might be possible that preoperative smoking
cessation interventions are more beneficial in certain surgical
populations than others, as the impact of smoking on postop-
erative outcomes seems to be procedure specific [15].
Current benefits have been mainly proven in patients under-
going orthopedic and abdominal procedures, while studies
evaluating the efficacy of preoperative smoking cessation
interventions in patients undergoing thoracic or cardiac sur-
gery (high prevalence of smoking and high risk of pulmo-
nary complications) are lacking.

Withdrawal Syndrome

Neurobiology of nicotine withdrawal syndrome is complex,
as nicotine modulates the release of several neurotransmit-
ters [61]. Withdrawal syndrome symptoms are rare postop-
eratively and are more frequent when the abstinence period
is forced rather during the stressful perioperative period [4].
Thus, routine NRT is not indicated in every smoker undergo-
ing surgery [4]. However, it can significantly help to reduce
the number of cigarettes smoked per day once patients are
discharged from the hospital [4].

Alcohol Cessation

It is well recognized that alcohol abuse is a risk factor for
several chronic diseases and that hazardous drinking
increases the risk of postoperative morbidity. Although with-
drawal from alcohol partially reverses organic dysfunction in
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nonsurgical patients, perioperative alcohol cessation strate-
gies have been infrequently studied and rarely offered as rou-
tine surgical care.

Alcohol abuse disorders in surgical patients (defined by
the consumption of at least five drinks per day and identified
by a self-reported alcohol intake questionnaire) have been
reported ranging from 7% to 49%, depending on gender and
diagnosis [62]. Alcohol dependency is found in one out of
ten hospitalized surgical patients, in 25% of trauma patients,
and up to 50% in patients with certain cancers [63]. Moreover,
alcohol use disorders are underestimated when assessed in
the preoperative setting, especially in women and younger
patients [64]. The use of preoperative screening tools, such
as the CAGE (“cut down,” “annoyance,” “guilt,” and “eye-
opener”’) and AUDIT (Alcohol Use Disorders Identification
Test) questionnaires, together with the use of certain labora-
tory testing, can be useful to better identify surgical patients
with alcohol dependency [63]. A recent Cochrane meta-
analysis including surgical patients undergoing elective and
emergency surgery defined “risky drinking” patients with an
alcohol consumption equivalent to more than 3 alcoholic
units (AU)/day or 21 AU/week (with 1 AU containing 12
grams of ethanol) with or without symptoms of alcohol
abuse or dependency. This corresponds to the amount of
alcohol associated with increased postoperative complica-
tion rates in most clinical studies [65]. Higher cutoff (alcohol
intake of more 60 g of ethanol per day, five drinks or 1.5 1 of
beer), associated with at least double the complication and
mortality rates, also has been used [63].

Alcohol Abuse and Cessation
in the Perioperative Period: Pathophysiologic
Changes and Impact on Clinical Outcomes

High-moderate quality of evidence suggests that alcohol
overconsumption is associated with increased morbidity,
in particular infections, cardiopulmonary complications,

Fig. 8.4 Clinical risk and

time required to recover

physiologic functions and High risk .
improve alcohol-related S
symptoms following =
preoperative alcohol

cessation. (¢ Without

symptoms; T with severe

failure. Adapted from [13])
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1-12 weeks

bleeding and delirium, withdrawal syndrome, and prolonged
intensive care unit stay [63, 66]. This is probably due to
alcohol-induced organ dysfunction and to the stronger surgi-
cal stress response observed in alcohol-abusing patients
undergoing surgery. In fact, the magnitude of the stress
response to surgery in patients who continue drinking alco-
hol until surgery is greater than those who quit 4 weeks
before surgery. As a consequence, preexisting subclinical
organ dysfunctions possibly present in these patients could
be further aggravated [13, 67, 68]. Interestingly, in alcohol-
abusing surgical patients undergoing gastrointestinal sur-
gery, treatment with low-dose continuous infusion of
intravenous morphine (15 mcg/h) reduced postoperative
plasma cortisol and preserved cellular immune function.
This intervention was also associated with lower pneumonia
rates and shorter intensive care unit stay [69].

Alcohol affects the cell-mediated immune response, in
particular the delayed-type hypersensitivity (DTH). Studies
demonstrate that DTH is already impaired in alcohol-abusing
surgical patients [62, 69] and that DTH is associated with
higher risk of surgical site infections [62]. A small RCT
found that in alcohol-abusing patients, 4 weeks of alcohol
abstinence before colorectal surgery improves DTH preop-
eratively, and this is associated with less postoperative com-
plications than patients who continued drinking until surgery
(31% vs. 74%; p = 0.02, respectively) [67]. However, in this
study infectious complications were not reduced. A recent
meta-analysis including 13 observational studies and 5 RCTs
confirmed that surgical patients consuming a total of 50 ml
spirits 40%, or 150 ml wine 13%, or 500 ml 4% beer or alco-
pop (a ready-mixed drink containing alcohol) of alcohol per
day have a higher risk of developing postoperative surgical
site infections [65]. Preoperative abstinence of 4 weeks
reduces such risk [13, 70] (Fig. 8.4).

Asymptomatic preoperative cardiac dysfunction has
also been reported in alcohol-abusing patients scheduled
for surgery [66]. In a small prospective non-RCT, asymp-
tomatic surgical patients scheduled for colorectal surgery
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Endocrine stress response
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and who were drinking at least 60 g of alcohol per day had
lower preoperative left ventricle ejection fraction (although
within a normal range) than appropriately matched surgical
patients who were consuming below 25 g of alcohol daily.
The former patients also had a higher incidence of postop-
erative arrhythmia [66]. Four-week preoperative alcohol
abstinence has also shown to reduce postoperative myocar-
dial ischemia [67].

Hemostasis is also influenced by alcohol, as demonstrated
by prolonged bleeding time observed in alcohol-abusing sur-
gical patients [66—68]. However, chronic alcohol exposure
also negatively affects coagulation and fibrinolysis, and this
might further predispose to perioperative bleeding [66].

The results of the latest Cochrane systematic review eval-
uating the efficacy of perioperative alcohol interventions
demonstrated that perioperative alcohol cessation is feasi-
ble, safe, and effective. This systematic review and meta-
analysis included three small RCTs: one of patients
undergoing colorectal surgery and two of patients undergo-
ing orthopedic surgery. The intervention was initiated and
terminated preoperatively in two trials and postoperatively
for 6 weeks in one trial. All trials included intense interven-
tions, including pharmacological strategies, patient educa-
tion, and relapse prophylaxis. The pool analysis demonstrated
that preoperative alcohol cessation decreases postoperative
complications (RR 0.62, 95% CI 0.40-0.96). All three stud-
ies aimed at achieving alcohol cessation in the perioperative
period. Overall, patients receiving perioperative alcohol
cessation interventions were approximately eight times
more likely to successfully achieve abstinence (RR 8.22,
95% CI 1.67-40.44; p = 0.01) and to reduce alcohol con-
sumption. There was no effect on length of hospital stay and
mortality [65].

Perioperative Alcohol Cessation Strategies

Counseling

In the primary care setting, brief interventions, ranging from
1 to 30 minutes, have shown to decrease alcohol by 38 g per
week, especially in men (mean difference, 95% CI —54 to
—23) [71]. These include motivational, ambivalence-
accepting, and non-confronting conversations, in person or
computer-based [63]. Perioperative counseling should dis-
cuss the risks of continuing alcohol consumption before sur-
gery, discuss the importance of preoperative alcohol
cessation, record baseline alcohol intake, ideally schedule
weekly meetings during which alcohol consumption is
recorded, and provide information on how to manage imme-
diate withdrawal symptoms [13]. About 80% of patients
who have been informed about the higher risk of complica-
tions are highly motivated in reducing alcohol intake but
also seek hospital support [13]. Telephone helplines are also

available. Consulting a psychiatrist or substance abuse spe-
cialist might be useful to plan a perioperative detoxification
program [63].

Pharmacotherapy

Benzodiazepines are mainly prescribed to manage alcohol
withdrawal symptoms. Alpha-2 agonists and neuroleptic
agents also have been utilized in hospitalized patients [63].
Withdrawal symptoms are frequent, they can be life-
threatening, and they can manifest even before a patient is
completely sober. After surgery, early recognition is essential
as higher mortality rates have been reported in patients who
have mistreated alcohol [72]. Medications to support alcohol
abstinence such as disulfiram (e.g., 800 mg per os taken dur-
ing controlled supervision twice per week, until the week
before surgery [67]) and/or B vitamins could be prescribed
based on patient’s preferences. Disulfiram should not be
administered when contraindicated and unless blood or air
alcohol concentrations have been proven to be zero [13]. Its
safety has been demonstrated, and it does not affect craving
or withdrawal symptoms [13].

Conclusions and Main Findings

* Smoking and alcohol overconsumption induce several
organ dysfunctions that predispose to postoperative
complications.

e Longer periods of preoperative smoking cessation absti-
nence are associated with better outcomes.

e Caregivers involved in the perioperative care of patients
(surgeons, anesthesiologists, internists, GPs, and nurses)
should all recommend smoking and alcohol cessation
before surgery, at every opportunity, and provide assis-
tance when possible.

e Prolonged (4 weeks or longer) and intense (combined
counseling and pharmacotherapy) preoperative smoking
cessation programs significantly increase preoperative
and long-term smoking cessation rates and reduce post-
operative complications, in particular PPCs, infections,
and wound healing complications (high-moderate quality
of evidence).

e Prolonged and intense perioperative alcohol cessation
programs increase alcohol cessation rates and decreased
complications (low quality of evidence based only on
three small RCTs).

* Preoperative smoking and alcohol cessation interventions
are infrequent in clinical practice.

* Smoking and alcohol cessation should be initiated as
early as possible in the preoperative period course, ideally
at the time of surgical referral or scheduling.

e Lack of training, skills, time, and resources is the main
factor limiting clinical implementation.
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