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Abstract
Patients who smoke cigarettes are at increased risk for development of complications both during and after
surgical procedures, including respiratory, cardiac, and healing-related complications. Abstinence from smoking
can considerably reduce these risks. Pharmacotherapy, including nicotine replacement therapy (NRT), is an
important component of efﬁcacious tobacco use interventions. However, the use of NRT in the perioperative
period is controversial. In this narrative review, we discuss the current evidence for the efﬁcacy and safety of NRT
in patients scheduled for surgical procedures, with emphasis on evidence from human studies. We performed a
literature search for articles published from January 1, 1990, through May 1, 2015, in the PubMed online
database using various permutations of the Medical Subject Headings terms surgery; surgical procedures, operative;
nicotine; and smoking cessation. Studies were selected for inclusion according to their relevance to the preclinical
and clinical evidence pertaining to how NRT affects surgical outcome and long-term rates of abstinence from
tobacco. There is strong evidence that NRT enhances the efﬁcacy of tobacco use interventions. Some preclinical
studies suggest that nicotine in high doses that exceed those produced by NRT decreases the viability of skin
ﬂaps. Although the available data are limited, there is no evidence from human studies that NRT increases the
risk of healing-related or cardiovascular complications. Individual clinical trials of tobacco use interventions that
include NRT have revealed either no effect or a reduction in complication rates. Therefore, given the beneﬁts of
smoking abstinence to both perioperative outcomes and long-term health and the efﬁcacy of NRT in achieving
and maintaining abstinence, any policies that prohibit the use of NRT in surgical patients should be reexamined.
ª 2015 Mayo Foundation for Medical Education and Research

P

atients who smoke cigarettes are at
increased risk for development of complications both during and after surgical procedures, including respiratory, cardiac,
and healing-related complications.1,2 Abstinence
from smoking can considerably reduce these
risks.3-5 In addition, surgical treatment itself has
been reported to increase the liklihood of quitting
smoking, even if the need for surgical intervention is not directly related to a patient’s smoking
status.6,7 Thus, the scheduling of elective surgical
procedures presents a key opportunity to provide
tobacco use interventions at this “teachable
moment” for smoking cessation.6 Nonetheless,
many patients still ﬁnd it difﬁcult to abstain
from cigarettes during the perioperative period,
with a substantial proportion of patients reporting smoking even on the morning of their surgical procedure.8
Pharmacotherapy, including nicotine replacement therapy (NRT), is an important
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component of efﬁcacious tobacco use interventions.9 However, the use of NRT in the time
around surgery (the perioperative period) is
controversial. Nicotine has widespread pharmacological actions on multiple organ systems,
and concerns have been raised that NRT may
increase the risk of wound-related and cardiovascular complications. These concerns have led
some surgeons in the United States to prohibit
the use of NRT in the perioperative period,
including in some cases the requirement of several
nicotine-free weeks before operation. A recent
survey of general surgeons found that only 34%
agreed that NRT was safe for patients to use during surgical treatment, although 61% agreed that
it was safe after the operation.10 Such perceptions
can remove a valuable tool that could help
smokers facing surgical treatment quit.
The purpose of this narrative review is to
discuss the current evidence for NRT’s efﬁcacy
and safety in patients scheduled for surgical
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Patients who smoke cigarettes are at increased risk for perioperative complications, including healing-related and cardiovascular complications.
Meta-analysis of existing studies, including studies that utilized
nicotine replacement therapy (NRT) as a component of tobacco use interventions, reveals that abstinence from smoking
reduces these risks.
Nicotine replacement therapy increases the efﬁcacy of tobacco
use interventions, increasing the likelihood that patients can
maintain abstinence from smoking.
Although the available data are limited, there is no evidence
from human studies that NRT increases the risk of healingrelated or cardiovascular complications.
Given the beneﬁts of smoking abstinence to both perioperative
outcomes and long-term health and the efﬁcacy of NRT in
achieving and maintaining abstinence, any policies that prohibit
the use of NRT in surgical patients should be reexamined.

treatment and other invasive procedures. We
performed a literature search for articles published from January 1, 1990, through May 1,
2015, in the PubMed online database using
various permutations of the Medical Subject
Headings terms surgery; surgical procedures,
operative; nicotine; and smoking cessation. Randomized controlled trials, prospective cohort
studies, laboratory-based investigations, systematic reviews, and meta-analyses were
selected for inclusion according to their relevance to the various topic areas examined in
this article, with particular attention to human
studies.
EFFICACY OF NRT
Nicotine replacement therapy is currently
available in the United States in 5 delivery
methodsdgum, lozenges, nasal spray,
patches, and inhalers.11 In this review, NRT
refers to the nicotine patch (7, 14, or 21 mg
of nicotine per patch, depending on baseline
cigarette consumption) unless otherwise
indicated. Other pharmotherapy for nicotine
dependence is available, including the partial
nicotinic agonist varenicline and the antidepressant bupropion (Table), but NRT is the
only one available without a prescription (in
1554
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gum and patch forms) and is supported by
the deepest evidence base.9 The pharmacological rationale for its efﬁcacy is that provision of
nicotine will reduce nicotine withdrawal symptoms that could otherwise occur in smokers
attempting abstinence.12 Plasma nicotine levels
provided by NRT vary according to dose and
delivery method but in general are lower than
those maintained during active smoking when
conventional dosing is employed.11,12 The evidence for its efﬁcacy to increase abstinence rates
is robust, and national guidelines for tobacco
treatment include provision of NRT as an A
level, evidenced-based recommendation for all
health care professionals.9 In a wide range of
populations, addition of NRT in any form to
any tobacco use intervention in efﬁcacy trials
increases abstinence rates by approximately
60%,11,13 although effectiveness trials and
observational studies reveal that its populationlevel effectiveness to produce sustained abstinence is less.14
Nicotine replacement therapy is commonly
incorporated as a component of tobacco use interventions speciﬁcally designed for surgical patients, which typically combine pharmacological
and behavioral approaches. These interventions
are efﬁcacious in terms of both increasing abstinence rates and decreasing perioperative complications. The most recent systematic review
of perioperative tobacco use interventions
included 12 studies examining abstinence outcomes and concluded that such interventions
are efﬁcacious to promote both short- and
longer-term abstinence, with efﬁcacy increasing
as intervention intensity increases.5 Of the 12
trials included in the review, with sample sizes
ranging from 46 to 286 participants, 9 included
NRT as a component of their interventions.
None of these studies speciﬁcally examined the
efﬁcacy of adding NRT to behavioral interventions in terms of maintaining substained perioperative abstinence, although there is no reason to
believe that its efﬁcacy would be less in the perioperative period compared with other settings.
The sole placebo-controlled trial of NRT in
the perioperative period (N¼121) was not
intended or powered to examine its effects on
postoperative abstinence.15 Indeed, a tobacco
use intervention was not delivered; rather, the
purpose of the study was to examine the effect
of NRT on perioperative stress and nicotine withdrawal symptoms. Nonetheless, even without a
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behavioral intervention, active NRT patches were
efﬁcacious in delaying relapse to smoking within
30 days of operation in patients undergoing
outpatient (but not inpatient) surgical procedures
(2.5 vs 12.5 days after discharge for placebo
patch and active patch groups, respectively;
P¼.002), and patients were more likely to use
active patches compared with placebo patches.
At 30 days postoperatively, patients in both
groups signiﬁcantly reduced their cigarettes
smoked per day from baseline, with those
receiving active patches reporting a greater
decrease (a mean decrease of 1111 vs 157
cigarettes per day in the placebo and active
groups; P¼.045). No adverse events were noted,
but the numbers of patients were relatively small.
One placebo-controlled trial of nonnicotine
pharmacotherapy in surgical patients (N¼286)
found that varenicline was efﬁcacious in
increasing sustained abstinence rates, suggesting
its promise as another tool to aid perioperative
smoking cessation.16 However, varenicline
requires a prescription, must be started at least
1 week before a quit attempt, and was associated
in this study with an increased frequency of perioperative nausea.16
Regarding the effects of interventions on
perioperative complication rates, a recent
meta-analysis found that intensive interventions (including weekly counseling beginning
4-8 weeks before operation and NRT) reduced
the risk of overall postoperative complications
by more than half.5 For wound complications
from all types of planned operations (2 trials,
210 participants), the risk was reduced by
almost 70% (risk ratio, 0.31; 95% CI, 0.160.62). Although an intervention beginning 4
to 8 weeks before surgical treatment may be
most beneﬁcial, physiologic and other evidence suggests that even a brief period of preoperative abstinence may be beneﬁcial. For
example, the frequency of ST-segment depression during surgical procedures is correlated
with exhaled carbon monoxide levels indicative of recent smoking.17 There is even evidence that maintaining just postoperative
abstinence may be beneﬁcial.18
SAFETY OF NRT
Nicotine replacement therapy was introduced
into clinical practice in the United States in the
early 1990s and has an extensive record of safe
use in the general population19; randomized
Mayo Clin Proc. n November 2015;90(11):1553-1561
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TABLE. US Food and Drug AdministrationeApproved Pharmacotherapy for
Smoking Cessation
Generic name
Bupropion
Varenicline
Nicotine replacement therapy
Guma
Patcha

Lozenge
Inhaler
Nasal spray

Brand name
Wellbutrin
Chantix

Medication type
Antidepressant
Nicotine partial agonist
Nicotine replacement

Nicorette
Habitrol
NicoDerm CQ
Nicotrol
ProStep
Commit
Nicotrol Inhaler
Nicotrol NS

a

Available without prescription.

controlled trials comparing NRT with placebo
nicotine replacement devices have consistently
reported no increase in adverse events.13,20 One
basis for concern about the safety of NRT in the
perioperative period appears to be the assumption that nicotine, one of the approximately
3000 pharmacologically active substances in
cigarette smoke, is at least partly responsible
for the increased risks of perioperative complications caused by smoking. We are not
aware of speciﬁc concerns related to NRT
increasing the risk of perioperative pulmonary complications, although they have been
expressed for healing-related complications and,
to a lesser extent, cardiovascular complications.
In this review, we concentrate on the evidence
addressing these concerns, including evidence
from both preclinical and clinical studies, with
an emphasis on the latter.
Healing-Related Effects
Wounds. Smokers are at increased risk for
development of a variety of wound-related
complications after surgical procedures,
including surgical site infections and wound
dehiscence.1,2,21 The potential mechanisms
that increase risk are numerous and complex,
including decreases in tissue oxygenation
caused by smoking-induced vasoconstriction, smoking-induced increases in reactive
oxygen species, direct effects of smoke constituents on cellular mechanisms responsible
for healing, and indirect effects mediated
by smoking-related diseases such as the
impaired endothelial nitric oxide release that
accompanies vascular disease. An excellent
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recent review by Sørensen22 discusses these
issues in depth. We brieﬂy review the evidence that nicotine contributes to risk in
smokers and whether nicotine in concentrations achieved by NRT might also pose risk.
Preclinical Experimental Studies. Consistent
with clinical observations, studies in animal
models of surgical wounds have reported
that smoke exposure increases the risk of surgical ﬂaps becaming nonviable,23-26 although
apparently this does not hold true for free ﬂaps
requiring vascular anastomosis.27 Several
studies have investigated the speciﬁc role of
nicotine in increasing risk. Prolonged (>4
weeks) administration of nicotine in doses that
produce blood nicotine levels that either
considerably exceed or are at the upper limit
of those achieved by human smokers impaired
the survival of experimental skin ﬂaps.28,29
These effects could be reversed by nicotine
abstinence. Lower nicotine doses, which produce nicotine levels more consistent with those
produced by clinical NRT, had no effects.29,30
As an example of the complexities of interpreting experimental data regarding the effects
of nicotine on wound healing, several preclinical studies found that the application of topical
nicotine in low doses actually accelerated the
healing of experimental wounds.31-35 Many of
the cells involved in the healing process,
including inﬂammatory cells, expressed nicotine receptors and could be modulated by
relatively high doses of nicotine in vitro,22 but
the potential physiologic role of such modulation is unknown.
Our literature search revealed no animal
studies exploring how smoking or nicotine may
affect the risk of surgical site infections. We
were also unable to identify any animal studies
that performed the relevant comparison of animals exposed to cigarette smoking with animals
exposed to levels of nicotine commensurate
with those achieved by NRT.
Clinical Experimental Studies. Several human studies have documented that smoking
a cigarette causes a temporary reduction in tissue
blood ﬂow and oxygenation, which could impair
surgical wound healing.22,36-38 However, smoking a cigarette and receiving intravenous nicotine
in doses producing similar plasma nicotine concentrations produced quite distinct effects on
1556
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local tissue.38 Both decreased subcutaneous
blood ﬂow, but smoking decreased tissue
oxygenation and subcutaneous blood ﬂow in
humans whereas nicotine infusion increased
both. Smoking, but not nicotine, also affected
tissue metabolism as reﬂected by glucose and
lactate levels. These results are consistent with
ﬁndings that cutaneous microvascular perfusion
is lower in smokers than in nonsmokers but
that smoking cessation aided by a nicotine
patch normalizes perfusion39 and another
study that found that decreases in digital
blood ﬂow were greater following smoking
than with a nicotine patch.40 Thus, to the
extent that smoking-induced changes in tissue blood ﬂow and oxygenation contribute to
clinical complications, substitution of NRT
for smoking should reduce risk.
There is also evidence that nicotine, either
delivered via cigarettes or NRT, may actually
enhance the axon reﬂex responses important
in the initial tissue response to injury. Warner
et al41 examined the effects of either smoking
a cigarette or nicotine nasal spray on the initial
vasodilator responses to local healing, which
are mediated by axon reﬂexes. They found
that both methods of nicotine administration
enhanced these responses, suggesting that
nicotine facilitates the release of vasodilator
peptides from small afferents and could thus
enhance the initial response to injury.
An important series of studies by Sørensen
et al33,38,42-45 directly examined how NRT affects the healing of experimental wound
models in humans. In general, these studies (fully
reviewed elsewhere22) involved dermal punch
biopsy wounds created in both nonsmoking
and smoking volunteers who were otherwise
healthy, with some of the latter randomized to
abstain from smoking with either placebo or
active nicotine patches. The wounds were excised
to examine wound inﬂammation and proliferative responses. In general, inﬂammatory and proliferative responses were impaired in smokers
compared with nonsmokers, associated with evidence of increased oxidative stress in smokers.
Abstinence from smoking improved inﬂammatory cell function and host defense mechanisms,
although abstinence did not affect smokinginduced changes in wound proliferation and
remodeling, such as reductions in collagen synthesis and deposition. In abstinent smokers,
when groups receiving active and placebo
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Other Clinical Studies. As previously discussed, 9 of 12 studies in the most recent
systematic review examining the efﬁcacy of perioperative tobacco use interventions employed
NRT as a part of the intervention,5 although information regarding the actual utilization of NRT
is lacking, as well as important details such as
whether NRT was continued through the perioperative period. Nonetheless, the reductions in
complications noted in these studies (including
wound-related complications) have been documented in the context of NRT use.5 Even in the
studies that did not ﬁnd a reduction in complications, no evidence of increased risk was
reported.
A deﬁnitive study speciﬁcally focused on the
safety of perioperative NRT would face several
challenges, including (1) the likely need for a
large sample size (several thousand participants)
given the (fortunately) small absolute risk of
wound-related complications for most procedures and (2) the confounding effect that those
randomized to receive placebo NRT would be
Mayo Clin Proc. n November 2015;90(11):1553-1561
www.mayoclinicproceedings.org
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patches were compared, abstinence-induced
reversal of some parameters of inﬂammation
was somewhat less in those receiving active
patches, but other measures of ﬁbroblast function
and collagen synthesis were actually increased.
The active patch did not affect angiogenesis,
wound contraction, or epidermal regeneration.
In the study of most direct clinical relevance
from this group,43 48 smokers and 30 persons
who had never smoked volunteered to participate. Smokers were randomized to continue
smoking, abstain using an active nicotine patch,
or abstain using a placebo patch; the latter 2
groups were blinded to treatment assignment.
Incisional wounds lateral to the sacrum were
made after 1 week of continued smoking and
at 4, 8, and 12 weeks after randomization.
Both wound infection and wound dehiscence
were more likely in smokers compared with
nonsmokers. Abstinence from smoking reduced
the rate of wound infections (from 22% to 1%
[P<.05], similar to the rate in those who had
never smoked [2%]) but not the rate of dehiscence. Wound infection rates in the abstinent
smokers were not different between those
receiving active and placebo patches, ie, use of
NRT did not alter the dramatic beneﬁt of abstinence on the rate of wound infections
(Figure 1).43
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FIGURE 1. Effect of smoking abstinence on wound infection rates. In a study of
48 smokers and 30 persons who had never smoked, smokers were randomized
to (1) continued smoking (n¼16), (2) smoking abstinence with active nicotine
patch (n¼16), or (3) smoking abstinence with placebo patch (n¼16). Sutured
incisional wounds were created over a 12-week period and monitored for 2
weeks for the development of wound infection. Abstinence from smoking
dramatically decreased the wound infection rate to that of those who had never
smoked, with or without active nicotine replacement. Thus, nicotine did not
change the beneﬁcial effect of abstinence. Data from Ann Surg.43

less likely to maintain abstinence and thus be at
greater risk because of their continued smoking.
In addition, urinary levels of cotinine, a nicotine
metabolite commonly employed in studies to
conﬁrm abstinence from smoking, are difﬁcult
to interpret in the context of continued NRT
use. This consideration also applies to the ability
of surgeons to verify that their patients are abstinent from smoking using urinary cotinine measurement, which may provide motivation for
surgeons to avoid the use of NRT before surgical
procedures. However, measurement of other metabolites speciﬁc to other smoke constituents,
such as anabasine, can be employed to distinguish between continued smoking and NRT use.
Bones. Smokers are at increased risk for the
nonunion of spinal fusions,46-50 hip fracture
secondary to accelerated osteoporosis,51 and
delayed healing and nonunion of fractures.52-57
Potential mechanisms for these ﬁndings include,
as in the case of wound healing, effects on tissue
oxygenation, oxidative stress, and direct effects of
smoke constituents on osteoblasts and other
cellular components important to bone healing.
Preclinical Experimental Studies. Consistent
with clinical observations, various animal models
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FIGURE 2. Effect of smoking abstinence on postoperative complications. In
a study of 120 smokers undergoing total joint replacement, patients were
randomized to tobacco intervention (counseling and nicotine replacement
therapy) vs control (no intervention) 6 to 8 weeks before operation.
Complication rates for the intervention and control groups are shown for
any complication, wound-related complications, and cardiac complications
within 4 weeks of operation. The relative risk reduction for wound complications was 83%, with a number needed to treat of 4. Data from Lancet.78

of fracture healing or fusion have found that the
long-term administration of nicotine or tobacco
smoke extract impairs bone healing and measures of bone metabolism in some,58-70 but not
all,71-73 models. However, as noted by Skott
et al,74 many of these models employ nicotine
administration methods that produce nicotine
levels considerably in excess of those achieved in
smokers. In vitro studies suggest that nicotine in
lower concentrations may actually increase osteoblast proliferation and bone metabolism.75,76
Also, studies comparing the effects of nicotine
alone with tobacco smoke extract, which contains other pharmacologically active constituents,
have reported adverse effects of extracts, but not
nicotine alone, on various parameters.71,74,77
There are no preclinical studies of the effects of
nicotine in concentrations commensurate with
those achieved by NRT.
Clinical Studies. To our knowledge, there are
no clinical experimental studies on the effects
of nicotine or smoking on bone metabolism
or other properties in humans. Of the 12 clinical trials examining the efﬁcacy of tobacco use
interventions in surgical patients, 5 speciﬁcally
1558
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included orthopedic surgical patients (1 exclusively78 [Figure 2]), and 4 of the 5 utilized
NRT as a part of the intervention.5 Impaired
bone healing was not observed in the treatment groups of these studies, although the
number of patients studied was insufﬁcient to
draw conclusions (numbers of participants
ranged from 117 to 210). The study of
perhaps the greatest direct relevance is that of
Nåsell et al,18 who randomized 105 smokers
requiring operative repair of acute fractures
who had smoked up to the time of fracture to
a postoperative 6-week tobacco use intervention that utilized NRT or no intervention. The
intervention signiﬁcantly reduced the rate of
complications (38% and 20% in control and
intervention groups, respectively; P¼.048),
and no complications related to bone healing
were observed, although again the numbers
were relatively small and the rate of NRT utilization was not reported.
Cardiovascular Effects
Cigarette smoking causes cardiovascular disease, which itself increases perioperative risk
of adverse outcomes such as myocardial
infarction and cerebrovascular accidents. In
addition, status as a current smoker confers
additional risk of these complications.79 In
the general population, cardiovascular risk is
either unchanged or reduced by NRT.80 This
reduced or unchanged level of risk is mediated
in part by a reduction in smoking but may also
be due to the vasoactive properties of nicotine
itself. Interestingly, nicotine may play a role in
salvaging ischemic or infarcted tissue in mice
after myocardial infarction,31 which may
contribute to the “healthy smoker” paradox81
in which survival after myocardial infarction
is increased in smokers compared with nonsmokers. In humans, the use of NRT in patients
with myocardial perfusion defects on nuclear
imaging actually reduces exercise-induced
myocardial ischemia, even if patients continue
smoking.82
There is almost no information available
regarding speciﬁcally how NRT might affect perioperative cardiovascular risk. One study found
that heart rates immediately after endotracheal
intubation were higher in patients who received
an active vs a placebo nicotine patch,83 but this
higher heart rate did not lead to clinical
complications.
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DISCUSSION
Summary of Evidence
The evidence reviewed herein may be summarized as follows:
d

d

d

d

Patients who smoke cigarettes are at an
increased risk for perioperative complications, including healing-related and cardiovascular complications. Meta-analysis of
existing studies, including studies that utilized
NRT as a component of tobacco use interventions, reveals that abstinence from smoking
reduces these risks. Both smoking-related
diseases and the multiple pharmacological
compounds in cigarette smoke, including
nicotine, may contribute to this risk.
Nicotine replacement therapy increases the efﬁcacy of tobacco use interventions, increasing
the likelihood that patients can maintain abstinence from smoking.
Some, but not all, preclinical studies have
found that the long-term administration
of relatively large doses of nicotine can
reduce the viability of surgical ﬂaps and
interfere with the healing of bone in some
models. To date, no preclinical studies
have examined the effects of nicotine in
doses commensurate with those provided
by clinical NRT, and no studies have examined the effects of nicotine on surgical
site infections, the most common clinical
healing-related perioperative complication.
Although available data are limited, there is
no evidence from human studies that NRT
increases the risk of healing-related or cardiovascular complications. Clinical trials of
tobacco use interventions that include NRT
have found either no effect or a reduction
in complications.

Study Limitations
The most important limitation of this review is
that data are lacking in several relevant areas.
Although a deﬁnitive placebo-controlled randomized clinical trial examining NRT safety is
unlikely to be performed, topics of interest for
further studies include (1) models of experimental wounds and ﬂaps in animals, comparing
the effects of continued exposure to cigarette
smoke with abstinence achieved with and
without nicotine in doses comparable to those
used with NRT, (2) studies employing animal
Mayo Clin Proc. n November 2015;90(11):1553-1561
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models of wound infections, (3) animal and human studies of the effects of nicotine on bone
metabolism utilizing doses commensurate with
those used with NRT, (4) better delineation of
the duration of preoperative smoking abstinence
necessary to reduce perioperative risk in patients,
and (5) further exploration of the efﬁcacy of nonnicotine pharmacotherapy such as bupropion in
the perioperative period.
CONCLUSION
As with any other drug, the risks of NRT must be
balanced against its potential beneﬁts. Tobacco
use interventions that include NRT can reduce
the risk of perioperative complications, and by
increasing abstinence rates, NRT could thus
contribute to this beneﬁt. Although more clinical
studies would be welcome (and likely challenging to perform), there is currently no evidence from human studies that NRT is harmful
to surgical patients, and data from extant preclinical studies is either reassuring or of questionable
relevance to the clinical use of NRT. Even if nicotine itself does increase risk, it would be far preferable to expose patients to the relatively low
levels of nicotine produced by NRT compared
with the higher levels of nicotine, as well as the
carbon monoxide and numerous other poisons
in cigarette smoke, produced by smoking,
because in the absence of efﬁcacious interventions, most will continue to smoke. Given the
beneﬁts of smoking abstinence to both perioperative outcomes and long-term health and the efﬁcacy of NRT in achieving and maintaining
abstinence, any policies that prohibit the use of
NRT in surgical patients should be reexamined.
Abbreviations and Acronyms: NRT = nicotine replacement therapy
Correspondence: Address to Margaret B. Nolan, MD,
Department of Anesthesiology, Mayo Clinic, 200 First St
SW, Rochester, MN 55902 (nolan.margaret@mayo.edu).
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