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Introduction

It has been nearly sixty years since the first “Surgeon 
General’s Report on Smoking and Health” was released in 
1964, and though a lot of progress has been made in that time, 
tobacco use is still the leading cause of preventable disease 
and death worldwide. In 1964, 42% of adults in America 

smoked; in 2020, that number was down to 12.5% (1).  
In the intervening years, the scientific community has made 
many strides including: proving nicotine to be an addictive 
substance, linking smoking to cancer almost anywhere in 
the body, identifying secondhand smoke as a hazard, and 
developing numerous tobacco cessation tools, support 
resources and medications (2). 
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Tobacco cessation is often thought of as the domain of 
primary care physicians, but there is an ever-increasing 
amount of evidence that urologists are optimally positioned 
to screen patients for tobacco use and provide both 
counseling and cessation treatment (3). Studies have found 
smokers counseled on smoking cessation by their urologist 
increased their likelihood of success more than 4 times over 
those that were not counseled, and patients cite counseling 
from their urologist as the leading motivator in cessation 
attempts (4-7). Further, millions of patients undergo 
urologic procedures yearly and other disciplines have 
demonstrated the overall detrimental effect to functional 
recovery following surgery. The effect of smoking on the 
urologic patient undergoing surgery has also been described 
with similar detrimental consequences (8-11). 

As we will detail in this review, much of the effect of 
tobacco on the surgical patient in general has been described 
in patients undergoing non-urologic procedures. Similarly, 
the basic science pathways demonstrating the deleterious 
effects of smoking on the immune, respiratory, and vascular 
systems will also be described in an effort to delineate the 
untoward effects of tobacco on overall health. Given the 
paucity of data in specific urologic populations, we aim to 
review the science of what changes tobacco and nicotine 
enact in the body and how those changes can affect practice 
and clinical decision making. We additionally summarize 
prior reports describing the detrimental effect of tobacco on 
urologic populations. The goal of this review is to provide 
surgeons with the necessary information to improve pre-
operative risk counseling with patients regarding tobacco 
use. We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://

tau.amegroups.com/article/view/10.21037/tau-22-427/rc). 

Methods

A literature search of PubMed, Google Scholar and 
Medline was performed using iterations of the following 
terms: tobacco, nicotine, changes, physiologic, histology, 
post-operative, and surgical. Non-English publications and 
abstracts were excluded. Inclusion required agreement from 
all authors and preference was given to human specimens 
over animal models for the basic science manuscripts and 
large database and meta-analyses over single institution 
experiences. The parameters of our review are summarized 
in Table 1. 

Overall health impact of smoking

Smoking has broad effects on nearly every organ system 
in the body. As such, the resultant pulmonary dysfunction, 
vascular changes promoting inflammation and thrombosis, 
and poor wound healing are particularly relevant to the 
peri-operative patient. Cigarette smoke harbors over 
7,000 known chemicals. While 70 are known carcinogens, 
multitudes more cause oxidative stress and damage 
the body by inducing free radical formation (12). Free 
radicals such as hydrogen peroxide—either originating in 
cigarette smoke or induced by inflammatory responses to 
inhaling smoke—impair anti-oxidant defense mechanisms, 
inducing oxidation and nitration of proteins as well as lipid 
peroxidation (13). This systemic oxidative burden allows for 
several respiratory disease processes to form or progress, 
specifically asthma, acute respiratory distress syndrome, 

Table 1 The search strategy summary

Items Specification

Date of search February and March 2022

Databases and other sources searched PubMed, Google Scholar, Medline

Search terms used Tobacco, nicotine, histologic changes, physiology, cardiovascular effects, healing, surgical 
outcomes

Timeframe 2000-present; foundational studies prior to 2000 were included

Inclusion and exclusion criteria Inclusion criteria–meta-analysis, multi-institutional studies, primary studies

Exclusion criteria–non-English, Abstracts

Selection process Final inclusion required agreement by all authors (manuscripts with smaller cohorts and 
whose methods were not designed to specifically look at tobacco induced changes were 
not included)

https://tau.amegroups.com/article/view/10.21037/tau-22-427/rc
https://tau.amegroups.com/article/view/10.21037/tau-22-427/rc
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and chronic obstructive pulmonary disease (COPD) (14). 
Carbon monoxide (CO), the odorless gas produced when 
carbon fuels burn incompletely, is particularly abundant 
in cigarette smoke. CO diminishes the body’s supply of 
oxygen by limiting circulating hemoglobin from delivering 
it, thereby contributing to ischemic heart disease and other 
disorders (15). 

Nicotine was first isolated and named in 1828, and by 
the end of the 19th century researchers were investigating its 
effects on the nervous system (16). Since the beginning of 
the 20th century, nicotine’s role as the addictive element in 
tobacco has been well known but it was thought the harms 
associated with tobacco were primarily from poisonous 
elements in tobacco smoke. It wasn’t until the start of the 
21st century that researchers started to wonder if nicotine 
itself had negative health effects. Physiologically, nicotine 
acts on several organs via ganglionic transmission as well 
as through nicotinic acetylcholine receptors (nAChRs) 
on chromaffin cells and the central nervous system (17). 
Chromaffin cells promote catecholamine release that 
acutely elevates blood pressure, heart rate and cardiac 
contractility. One consequence of chronic nicotine use is 
thus cardiovascular dysfunction as there is an appreciable 
reduction in coronary blood flow and myocardial oxygen 
delivery, while the heart remodels from hypertrophy and 
fibrosis (18). These stresses on the cardiovascular system 
likely contribute to the increased cardiovascular events seen 
post-operatively in smokers compared to non-smokers (19).

Smokeless tobacco and electronic cigarettes

It is generally believed that the health risks of smokeless 
tobacco are lower than that of smoking, but evidence is 
currently lacking to support this belief and quantify the 
degree of risk. The Surgeon General report from 1986 was 
the first to assert the use of smokeless tobacco increases 
the risk of cancer of the cheek and gum by nearly 50-fold 
among long term users (20). A 2003 systematic analysis of 
the literature on the health effects of smokeless tobacco 
found that the majority of studies were underpowered and 
lacked a clear definition of what constituted a smokeless 
tobacco user (20). These limitations significantly lessen 
the ability to draw any positive or negative conclusions and 
for every study that found a positive association between 
smokeless tobacco and oral cancer/poor oral hygiene/
cardiovascular disease, another report didn’t find any (20). 
The other issue Critchley and colleagues discovered was 
individuals who use smokeless tobacco frequently use 

other forms of tobacco as well and eliminating the use of 
smokeless tobacco did not necessarily mean cessation of all 
tobacco products. 

As battery-powered devices, electronic cigarettes (e-cigs) 
offer a flavored, aerosolized product from a heated liquid 
of propylene glycol and vegetable glycerin containing 
nicotine. This product was introduced as a safe nicotine 
delivery system in 2003 (21). Early studies showed that e-cigs 
delivered a lower dose of nicotine per puff and pollutant 
levels were much lower than from cigarettes and were likely 
to pose a much lower risk (if any) compared to cigarette 
(22,23). However, subsequent reports demonstrated that 
the frequency with which most e-cig users use these 
products achieved blood plasma nicotine levels on par with 
smokers (22,24). Thus, any of the health impacts of nicotine 
discussed in this review would otherwise be unchanged in 
e-cig users. E-cigs have been found to still harbor many 
of the same toxic organic chemicals that cigarette smoke 
would, albeit in a liquid form. Consequently, the particles 
may dissipate more quickly as compared to combustible 
solid particles from smoking that can circulate longer, 
however their concentrations and subsequent toxicities 
remain similar (25). Recently it has been discovered that 
vaping and e-cigs cause diffuse lung alveolar damage, which 
may be as debilitating as long-term smoking (26,27). 

As there is no clear evidence to support smokeless tobacco 
or e-cigs having less detrimental health effects compared to 
smoking, for the remainder of this review, any tobacco or e-cig 
use will be considered the same. 

Cardiovascular effects

Smoking has well-established deleterious effects on vascular 
function. Smoking alters normal endothelial cells lining 
blood vessels through inflammatory changes that increase 
endothelial permeability to fibrinogen (28). Smokers also 
have increased blood viscosity due to elevated fibrinogen 
and other plasma components such as lipoproteins 
wherein the hematocrit rises resulting in a prothrombotic 
state (29). Nitric oxide—synthesized and propagated by 
endothelial cells—offers vasodilatory, anti-inflammatory, 
and anti-platelet effects (30). Chronic inflammation and 
oxidative stress, however, will limit the availability of nitric 
oxide thereby impairing vascular tone while promoting 
inflammation and thrombosis as well (31). 

Nicotine has been shown to promote basic fibroblast 
growth factor while inhibit ing the production of 
transforming growth factor-β (TGF-β) (32). This process 
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promotes endothelial proliferation and neovascularization 
leading to atherosclerosis (33). The combined biomechanical 
and biochemical effect on endothelial dysfunction should 
mean that smoking is an independent risk factor for deep 
vein thrombus (DVT) formation but the evidence for 
this association is mixed. One 2013 meta-analysis found 
smokers at a slightly increased risk of developing venous 
thromboembolism, with a relative risk of 1.23 (95% CI: 
1.14–1.33) for current smokers compared to never smokers. 
The authors however contended BMI as a confounder in 
all the studies included and postulated that it may have a 
larger effect than smoking (34). Nevertheless, there remains 
no evidence that smokers have higher incidence of post-
operative DVTs compared to non-smokers (35-37).

Smoking increases blood pressure during acute 
inhalation via the sympathetic nervous system and in 
chronic inhalation through endothelial dysfunction and 
oxidative stress (38). Smoking is also associated with 
increased endothelin-1, a potent vasoconstrictor, produced 
by endothelial cells (39). The relationship between chronic 
smoking and developing hypertension is still unclear 
with studies offering mixed results (40-43). Nevertheless, 
smoking nicotine is associated with arterial stiffness and 
accelerates the age-related changes of the arterial wall 
in hypertension, exacerbating peripheral arterial disease 
(44,45). These changes in blood flow dynamics then force 
the heart to work harder in delivering blood, compromising 
cardiovascular health overall. As a result, chronic nicotine 
use in active smokers is associated with increased risk of 
mortality from hypertensive heart disease (46). Smoking 
cessation, with or without nicotine replacement therapy, 
has been shown to reverse endothelial dysfunction and 
restore vascular health, although the speed with which these 
chronic changes are reversed is unclear (47,48). Given the 
inherent risks of cardiovascular and thrombotic events when 
undergoing anesthesia, these detrimental effects of nicotine 
use are of importance to all peri-operative providers. 

Constant inflammatory state

Nicotine can transiently suppress the innate immune 
response by impairing signal transduction in the lymphoid 
system and arresting the T-lymphocyte cell life cycle (17). 
Smoking has another impact on the immune system which 
has a more appreciable effect on amplifying inflammation (2). 
Smoking is known to influence a subset of T-lymphocytes 
(CD4+ vs. CD8+) to proliferate, thereby potentiating chronic 
inflammatory conditions like COPD (14). A chronic 

inflammatory state results from activated macrophages that 
line the lung epithelium responding to hazardous agents 
that threaten the alveoli (49). The macrophages then secrete 
proinflammatory cytokines that influence release of acute-
phase proteins (APPs) such as C-reactive protein (CRP) 
and fibrinogen (30). The APPs then stimulate interleukins 
and other chemotactic agents that incite the bone marrow 
to over-secrete leukocytes and platelets into circulation, 
thereby destabilizing the sub-endothelium and promoting 
atherosclerotic pathogenesis (14). Local vasoconstriction and 
thrombosis ensue, increasing risk of ischemic vascular disease. 
Extensive investigation into this inflammatory cascade has 
shown a dose-response relationship between these markers 
(e.g., CRP) and the risk of coronary disease as well as a 
strong association with sudden death and peripheral artery  
disease (50). 

Reduced lung function from chronic smoking may 
additionally increase APPs, exacerbating systemic 
inflammation (51). Smoking also upregulates known 
immunomodulators that play a significant role in developing 
or exacerbating autoimmune disorders such as psoriasis, 
Crohn’s disease, rheumatoid arthritis, Grave’s disease and 
systemic lupus erythematosus (2,52). A causal relationship 
between smoking and chronic inflammatory diseases 
may thus have implications in postoperative recovery 
and return of functional status in patients with an already 
limited reserve. The constant upregulation of systemic 
inflammatory responses also leaves smokers at increased risk 
of infection due to a depletion of immunological reserves 
that results in a blunted response to new infectious sources. 
As such, this chronic immunologic dysregulation remains 
a concern for post-operative complications after urologic 
procedures. 

Tobacco’s effect on respiratory epithelium

Tobacco smoke has a well-studied deleterious effect on 
respiratory epithelium. The bronchial epithelium is lined 
with pseudostratified epithelium on the luminal mucosal 
surface. Despite multiple inherent protective mechanisms, 
tobacco smoke has been demonstrated to have myriad 
negative effects on basal progenitor cells and the respiratory 
epithelium as a whole. These include microvascular damage, 
increased oxidative stress, genomic damage, and impairment 
of the local immune response, which is a critical aspect of 
an epithelial surface that encounters outside pathogens 
on a regular basis (53-55). Combined, these insults result 
in tobacco users developing chronic inflammation which 
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leads to destruction of necessary tissue architecture 
by overactivation of local macrophages and ultimately 
peribronchiolar fibrosis (55,56). 

The respiratory epithelium, like any mucosal surface, has 
an important immunological function in protecting from 
environmental pathogens. This inflammatory response 
is induced also in response to environmental irritants, 
such as tobacco smoke. This chronic influx of pathogens 
from tobacco smoke subsequently creates a dichotomous 
environment of simultaneous chronic inflammation and 
immunosuppression. Repeated exposure of the mucosal 
surface causes dysregulation of macrophages by utilizing 
their phagocytic function against particulate pollutants 
found in tobacco smoke. This unnecessary utilization of 
phagocytosis means that other pathogens may go unchecked 
all while inducing an increased localization of macrophages 
to the mucosal surface. Key changes are also seen in the 
T-Cell immune response, in large part due to their increased 
prevalence in the affected mucosa, which causes structural 
damage through their induction of matrix metalloproteinase 
12 (MMP12) in the nearby over-populated macrophages. 
Specific toxins found in tobacco smoke, such as cadmium, 
have also been found to induce fibrinogen production 
from the macrophages, further damaging the mucosa (56).  
Ultimately, all of this activity causes an impaired immune 
response through downregulation of important cytokines 
such as interleukin 1, interleukin 6, and Tumor Necrosis 
Factor-α (55). This impaired respiratory immune defense 
maybe the reason tobacco users have high rates of 
pneumonia following intubation (19). 

In murine models, COPD has been modeled in many 
ways, including instillation of elastase into the mice, 
inhaled smoke exposure and inoculation with live bacteria 
to establish chronic lung inflammation. On histological 
examination of murine COPD models, important changes 
from controls are noted, reflecting the dichotomous 
response described above. Peri-epithelial tissues are 
markedly infiltrated with immune cells, worsening with 
the extent of the chronic immune response over time (55). 
While the acquisition of similarly experimentally controlled 
human respiratory epithelium is not possible, there is a 
robust literature base regarding the effects of tobacco 
exposure on immortalized human bronchial epithelial 
cells. Human bronchial epithelial tissue studies have 
demonstrated effects that support similar mechanisms of 
local respiratory epithelial destruction as in murine models, 
such as a robust increase in pro-inflammatory cell signaling, 
epigenetic alterations, cell cycle dysregulation, and overall 

greatly impaired cellular homeostasis (53,55). 

Anesthesia concerns

Current smokers undergoing surgery pose considerable 
concern for risks related to anesthesia. Pulmonary 
compromise secondary to chronic smoking causes 
overproduction of mucus, impaired mucus transport and 
overall bronchial inflammatory reactivity that worsen 
perioperative outcomes (57-59). In a cohort study evaluating 
ambulatory surgery patients, smoking status was measured 
by self-reports as well as end-expired CO analysis (60). 
Smokers were more likely to experience coughing, apnea, 
laryngospasm, bronchospasm, and breath-holding despite 
adjusting for obesity, a known risk factor for respiratory 
complications. Though such adverse events may pose 
lower morbidity, these findings are particularly relevant in 
urology as most procedures requiring anesthesia are done 
in an ambulatory setting. In addition, there has been a 
prevailing thought that patients who quit smoking within 
four weeks of surgery are at an increased risk of anesthesia 
or respiratory complications. However, multiple recent 
meta-analyses have suggested that this is not the case (61,62). 
While patients who cease smoking greater than four weeks 
pre-operatively have decreased risks compared to those that 
quit later, there are multiple confounding issues including 
the frequent lack of comparison against patients who smoke 
through their surgery date and issues with self-reported 
smoking status due to patient’s fear of being judged poorly 
or having their surgery cancelled. However, recent work by 
Kadomatsu and colleagues has demonstrated that even in 
lung cancer surgery, risks of surgical complications smoking 
or smoking cessation seem to be outweighed by more 
pertinent factors, such as pre-operative lung function (63). 
These studies together suggest that while smoking cessation 
should always be advocated for, there is insufficient evidence 
to support delaying surgical intervention in favor of a pre-
operative smoking cessation period. 

In a broader study utilizing the National Surgical 
Quality Improvement Program (NSQIP) database, 
>500,000 surgeries were reviewed for differences in 
perioperative outcomes between smokers and non-
smokers (19). Turan and colleagues evaluated over 
100,000 active smokers (within 1 year before admission 
for surgery) and demonstrated smokers as twice as likely 
to develop pneumonia, 1.9 times more likely to undergo 
unplanned intubation, and 50% more likely to require 
mechanical ventilation 48 hours post-operatively (19). 
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Oral hygiene

An understanding of the effect of tobacco on oral care is 
of particular interest to urologists who commonly employ 
buccal mucosa for reconstructive procedures. Tobacco use is, 
unsurprisingly, strongly associated with the development of 
oral neoplasms and worse overall oral hygiene (64-66). Given 
the ease of obtaining buccal mucosal cells for study, there is a 
robust literature base evaluating the cell-level morphometric 
changes in oral lesions responding to chronic tobacco use, 
such as a decreased nuclear/cytoplasmic ratio, which can be 
an early indicator of malignant transformation (67). There 
are also associations drawn with micronuclei formation 
and other genetic mutations (64,65,68). Micronuclei arise 
from chromosomal instability causing mitotic errors and 
are a useful biomarker in predicting carcinogenesis. Naderi 
and associates compared nonsmokers with smokers of less 
than or more than 10 years duration. They found that 
smoking of any duration significantly increased the amount 
of micronuclei in buccal mucosa cells. When comparing 
smokers of greater than ten years to those of less than ten 
years duration, the mean number of micronuclei was higher 
but not statistically significant, suggesting that pathogenesis 
in oral mucosa may not have a clear dose-dependence (68). 
This is however, also complicated by the effect of increasing 
age on the thickness, integrity, and regenerative capacity of 
the buccal mucosa. 

More recent work by Devadoss and colleagues went 
beyond micronuclei alone, cytologically comparing buccal 
cells from nonsmokers, tobacco smokers, and tobacco 
chewers to evaluate for differences in their markers of 
genetic mutations, including karyorrhexis, karyolysis, 
pyknosis, binucleation, condensed nuclei, hyperchromatism, 
prominent nucleoli, broken egg nuclei, nuclear-cytoplasmic 
ratio, and irregular nuclear borders. They found that 
the majority of these markers of genetic damage were 
significant in tobacco users when compared to controls, 
however more interestingly, there was a differential array 
of cytologic changes in tobacco chewers when compared 
to tobacco smokers. They found significant increases 
in karyorrhexis in tobacco chewers when compared to 
controls, while binucleation was significantly more common 
in smokers (65). This suggests that the mechanism of 
tobacco consumption may play a significant role in its 
genotoxic effect on buccal mucosa, similarly to how the 
form of consumption seems to induce differential buccal 
mucosal changes in perfusion (69). 

Tobacco’s effect on buccal mucosa is ultimately driven 
by alterations in the transcriptome and DNA methylation 

of the affected tissues over time when subjected to repeated 
insult (70). Chronic tobacco exposure induces changes in 
multiple markers of cellular function in oral mucosa such 
as alterations in gene expression of prostaglandin synthesis 
and Langerhans cell transcripts, supporting the role that 
these transcriptome alterations play in affecting the known 
vascular and immune impairment seen in chronically 
tobacco exposed mucosa (71). It should be noted that 
while there is a robust literature base for evaluation of 
oncogenic or immunologic changes in tobacco exposed 
tissues throughout the respiratory tract and oropharynx, 
literature evaluating the purely histologic and tissue 
architecture alterations in these tissues is lacking. This 
is a notable deficit given that buccal mucosa is the most 
commonly used graft material for the treatment of many 
genitourinary conditions, such as urethral stenosis. There is, 
however, existing data supporting very similar genomic and 
transcriptomic alterations in response to tobacco exposure 
between bronchial epithelium and oral mucosal epithelium. 
Multiple studies have performed microarray analysis to 
compare which genes that are affected by smoking in 
bronchial mucosa are similarly altered in buccal and nasal 
mucosa. These have found that a significant number of 
genes up-regulated by tobacco use in oral mucosa are 
also commonly up-regulated in the airway (71,72). This 
does promote a level of suspicion that the upregulation 
of inflammation and disordered immunologic function 
that leads to architectural destruction in bronchial mucosa 
may also have an effect in buccal mucosa. Ultimately, 
tobacco’s influence on surgical wound healing from both a 
localized and systemic standpoint remain a concern given 
well documented detrimental effects in multiple surgical 
subspecialties, particularly plastic surgery and oral surgery 
(73,74). 

One well described and notable local change in tobacco 
exposed buccal mucosa is the development of microvascular 
dysfunction (69). These changes are in large part due to 
the effects of nicotine in tobacco, though the role other 
tobacco biproducts have should not be ignored. An initial 
study in 1993 by Huckabee et al. evaluated the effect of 
topical chewing tobacco on canine oral mucosa, finding 
a dose-dependent increase in perfusion at the site of 
application, with a concomitant decrease in perfusion on 
the contralateral cheek (75). This was then followed in 
2002 by Mavropoulos and associates, with a similar study 
in humans, which found increased perfusion at both the 
site of chewing tobacco application and the contralateral 
buccal mucosa, with the increase at the site of application 
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being larger (76). It is also worth noting the many studies 
suggesting differential effects on buccal mucosa perfusion 
between applying isolated nicotine, chewing tobacco, 
cigarette smoke, electronic cigarettes or even systemic 
nicotine. Ultimately, while the differential effects found in 
these studies may be related to variations in study design, 
that the acute alterations in oral mucosa perfusion do seem 
to depend in part on the form of tobacco use (69). 

While acute nicotine exposure causes increased oral 
perfusion, chronic exposure causes morphologic changes 
which impair the microvascular function of oral tissues. 
These effects are likely multi-factorial in nature and can 
be attributable to the vasoconstrictive effects of nicotine, 
decreased nitric oxide production in the vascular wall, or 
disordered function of local signaling such as angiotensin 
II, histamine and prostaglandins (69). The main effects 
demonstrated in chronic tobacco use are increased vascular 
density and tortuosity with a concomitant reduction in 
capillary diameter as well as overall decreased perfusion 
due to the multiple vasoconstrictive insults (77). It is worth 
noting that these effects are not noted in studies of younger 
patients, but were prominent in studies of older cohorts, 
where the morphologic vascular changes did not resolve, 
even at an average of 13 years after cessation (69,78). The 
overall effect that these morphologic changes in vasculature 
would have on the utility of tobacco exposed buccal mucosa 
grafts remains unclear. 

It is well understood that there is a distinct epithelial 
stem cell niche in the basal layer of buccal mucosa. These 
progenitor cells divide rapidly and asymmetrically, allowing 
for constant replenishment of the mature keratinocytes (79). 
Less well defined, are changes in buccal mucosa caused by 

chronic insult. While changes in multiple examined markers 
have been linked with upregulation of inflammation and 
cellular proliferation, these have been examined primarily 
from an oncologic standpoint (65). One important piece of 
histologic data comes from a study of the buccal mucosa of 
healthy, nonsmoking patients in which Ki67, a marker of 
cellular proliferation, is noted to be primarily active in the 
basal layer but not in the immediately adjacent parabasal 
layer. It is thought that in the presence of irritation or insult 
to the mucosa, that the parabasal layer may also show signs 
of proliferation (80). This theory is further supported by 
work from Ishii and colleagues in which parabasal cells 
were found to proliferate across the wounded area in buccal 
mucosa, a process that seems to have been driven by p75 
[nerve growth factor receptor (NGFR)] positive basal cells, 
likely representing epithelial stem cells (81). In addition 
to this important epithelial stem cell population, the oral 
mucosa utilizes genes such as Sox2 and PITX1 to establish 
and regulate complex transcriptomal networks that are 
primed for rapid wound healing (82). In order to further 
assess the effect of chronic tobacco use on these pathways, 
recent work by Policastro et al. evaluated the changes in 
overall histology and two key components of the wound 
healing capacity of buccal mucosa, p75 (NGFR) and Sox2 in 
buccal mucosal samples from current tobacco users, former 
tobacco users and patients who had never used tobacco. 
Strangely, there were no appreciable differences in histology 
(Figures 1,2) or markers of regenerative capacity (Figure 3)  
discovered between the groups (83). Together, these 
findings underscore the robust regenerative capacity of the 
epithelial stem cell niche found in the basal layer of buccal 
mucosa that allows it to retain its architecture in spite of 

Figure 1 H&E stained buccal mucosa. (A) Representative H&E section at 40× magnification. (B) Representative H&E section at 80× 
magnification. H&E, Hematoxylin and Eosin.
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routine mechanical and chemical insults—an important 
consideration for urologists who frequently employ it for 
use in various capacities as a mucosal graft. 

Wound healing

A main predictor of wound healing is tissue oxygenation, 
particularly as it relates to surgical wound site infections. 

CO from smoking impedes  oxygen transport  by 
competitively binding hemoglobin, starving fresh surgical 
sites of oxygen (84). Nicotine itself can additionally 
delay wound healing by impeding cell adhesion and 
epithelization, further increasing risk of infection (17). 
Consequently, current smokers have more post-operative 
healing complications as compared with non-smokers and 
formers smokers, with former smokers still having a one-

Figure 2 IHC pathologic analysis of buccal mucosa. (A) IHC stain for p75 (nerve growth factor receptor), a cytoplasm localized marker, 
120× magnification. (B) IHC stain for Sox2, a nucleus localized marker, 120× magnification. IHC, immunohistochemistry.

Figure 3 Representative hematoxylin and eosin stained and immunohistochemistry stained samples of buccal mucosa harvested from patients 
who never used tobacco, those who used tobacco through the time of harvest, and those who formerly used tobacco; 80× magnification. H&E, 
Hematoxylin and Eosin.
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third higher incidence of issues with healing than never-
smokers (85). Importantly, after preoperative smoking 
cessation of 4 weeks reduced rate of surgical site infections 
back to that of non-smokers (86). If cessation cannot be 
achieved, active smokers should be aware they are more 
than twice as likely to die from infections than non-smokers, 
this risk increasing with smoking intensity (46). Perhaps the 
most realistic measure that can be taken by the urologist 
to minimize the risk of post-operative infection in smokers 
would be ensuring supplemental perioperative oxygenation. 
In a double-blinded randomized trial, 80% vs. 30% inspired 
oxygen perioperatively was shown to reduce the incidence 
of surgical-wound infection by 6% (P=0.01) between groups 
that had similar prophylactic antibiotic coverage and equal 
distribution of smokers (87).

The effects of smoking have several direct effects on 
the mechanisms of tissue regeneration and repair and 
thus on post-surgical wound healing. Hypertrophic scar 
formation is thought to be induced by TGF-β released 
by macrophages (88). Considering nicotine’s effects on 
inhibiting TGF-β and promoting neovascularization, some 
hypothesize and argue that smokers display faster and less 
erythematous scar healing as compared to non-smokers (89).  
Furthermore, nicotine upregulates fibroblasts, which produce 
proteins critical in forming a matrix to heal tissue. That 
said, smoking itself can arrest these cells in place such that 
their immobility allows for lack of migration in wound 
healing and bunching at wound margins, promoting scar 
formation (90). Consequently, one systematic review found 
that smoking provokes hypertrophic skin scarring along 
with other factors such as chemotherapy, age, stretch and 
infection (91).

Nicotine can trigger the onset of diabetes development 
by activating nAChRs in adipose tissue to promote 
insulin resistance as well as by inciting cytotoxic effects 
on pancreatic B cells (92,93). Conversely, nicotine’s 
stimulation of the adrenergic system via catecholamines 
activates glycogen synthesis leading to lowering blood 
glucose and enacting lipolysis, which can ultimately cause 
weight loss (17). Taken together, the systemic effects of 
tobacco use on wound healing are marked and should be 
considered by urologists during patient selection.

General effects on surgical outcomes

In a broad systematic review of over 450,000 patients across 
different surgical specialties, smokers were twice as likely to 
experience healing delay, dehiscence, surgical site infections 

and hernias, 3.6 times as likely to suffer tissue necrosis, 
and 2.27 times as likely to have wound complications 
overall (85). A similar study analyzing morbidity within 
30 days of surgery additionally found active smokers to be 
at higher risk of experiencing general morbidity, wound 
complications, infections, pulmonary complications, 
neurological complications and admission to the intensive 
care unit (94). Conversely, smoking was not associated 
with postoperative mortality, cardiovascular complications, 
bleeding, anastomotic leakage or allograft rejection (94).

Similarly, more cardiovascular events within 30-day 
of surgery were observed in smokers compared to non-
smokers including 57% increased odds of cardiac arrest, 
80% increased odds of myocardial infarction and 73% 
increased odds of suffering a stroke (19). This effect is 
somewhat dose dependent as major complications in 
patients with a 1–10 pack year history did not differ from 
non-smokers. These numbers offer salient data points 
for anesthesiologists and surgeons alike; however, as a 
retrospective analysis of a quality improvement registry, 
this report is confounded by several limitations. It should 
be noted the procedures reviewed were heterogenous with 
varying risks, and smoking effects were not assessed by 
procedure type. Moreover, smokers may engage in other 
hazardous behaviors affecting quality of health, which would 
require more stringent propensity matching to determine 
which risks pose most harm.

In a large study reviewing over 35,000 plastic surgery 
patients, Toyoda et al. found smokers were statistically 
more likely to have additional comorbidities affecting 
post-operative care such as alcoholism, COPD, dyspnea, 
pneumonia, hypertension, and stroke (95). Smokers were 
significantly more likely to experience deep incisional 
surgical-site infections, incisional dehiscence and 
reoperation while venous thromboembolic events (VTE), 
sepsis, myocardial infarction and transfusion rates did not 
differ between smokers and non-smokers. Additionally, 
active smokers had similar rates of graft, prosthesis, 
or flap failure as nonsmokers in this study, which is a 
surprising finding given the negative impact smoking has 
on vascularity. Similar findings were made in a cohort 
of craniofacial free flap reconstructions where smoking 
did not significantly affect flap loss but was implicated in 
overall complications and wound healing issues (96). In a 
systematic review, Garip and associates analyzed the impact 
of smoking on head and neck reconstructive surgery with 
a free vascularized tissue flap and also found no significant 
difference in risk for flap failure as well as surgical site 
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infection and fistula formation between smokers and non-
smokers (97). This may be explained by better overall 
health and less comorbidities in patients undergoing 
plastic surgery compared to those undergoing general  
surgery (36,95).

In assessing smoking status, studies often list the 
patients’ self-reported tobacco use, however, this may 
contradict objective measures of tobacco use such as the 
nicotine metabolite cotinine. Cotinine can be tested in 
serum or urine samples, as utilized by two prospective 
studies assessing risks of smoking on head and neck cancer 
reconstructive surgery (98,99). One report noted the risk 
of wound complications for those with higher cotinine 
concentrations was doubled, while another found that 
current and former smokers demonstrating persistently 
elevated levels were six times were more likely to experience 
complications overall postoperatively (98,99). As such, 
measuring cotinine levels can mitigate reporter bias, while 
offering an objective predictor of increased complication 
risks in smokers and help identify patients who would 
benefit from aggressive cessation efforts. This assessment 
would be done during the presurgical discussions. 

In general, smoking cessation should be encouraged for all 
surgical patients. In a cohort of patients undergoing gastric 
and colorectal cancer surgeries, suture failure was observed 
significantly more in current smokers who abstained 
<4 weeks, even when adjusted for age, diabetes, alcohol 
consumption, anesthesia time and surgical site as compared 
to never-smokers or those abstaining >4 weeks (100). A larger 
meta-analysis investigating the effects of smoking cessation 
determined that abstinence results in a 41% overall risk 
reduction in preventing postoperative adverse events, and 

that each week of cessation increases that effect by 19%, with 
4 weeks cessation displaying significantly larger treatment 
effect than shorter periods (101). 

Smoking is a constant assault to all organ systems, 
which the body can withstand and even repair to varying 
degrees. This makes its impact on the post-surgical patient 
difficult to assess, but there is good evidence that smoking 
increases the risk of pulmonary complications and wound 
complications. A summary of the literature findings can be 
seen in Table 2.

Urologic surgery

The AUA White Paper on optimizing outcome in urological 
surgery recommends patient stop smoking four weeks prior 
to surgery to reduce the post-operative risk of wound and 
pulmonary complications (102). These recommendations 
are based on the large database studies and meta-analysis 
outlined above, but there is very little in the literature looking 
at the specific effect of smoking on urologic surgeries. 

Escutcheonectomy 

Erpelding et al. assessed 30- and 90-day complications 
following surgical correction of acquired buried penis at a 
single institution. Over 3 years, 16 patients were identified 
and included in the analysis. While 3 of the 4 smokers 
experienced wound infections post-operatively, this was 
not a significant difference (103). The only factor that was 
predictive of a post-operative complication was a body mass 
index (BMI) >49, which mirrors other studies in finding other 
comorbidities have a more easily identified impact (103).  

Table 2 Impact of smoking on the surgical patient

Health risk Summary of reviewed literature

Overall health Smokers have more additional comorbidities affecting post-operative care such as alcoholism, COPD, 
dyspnea, pneumonia, hypertension, and history of stroke 

Anesthesia complications Current smokers have increased risk for pneumonia, unplanned intubated, and prolonged intubation

Pre-operative lung function is a better predictor of post-operative complications than smoking status

Mortality Smoking was not associated with postoperative mortality

Cardiovascular events Studies that controlled for type and severity of procedure found no difference in rates of cardiovascular 
events between smokers and non-smokers

Wound complication Smoking is associated with increased wound complications, surgical site infections, and wound dehiscence

Venothrombotic events Smoking was not associated with increased rates of post-operative VTE

COPD, chronic obstructive pulmonary disease; VTE, venous thromboembolic events.
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Kouba et al. assessed factors increasing the incidence of 
parastomal hernias following ileal conduit creation. Again, 
authors found higher BMI was predictive of post-operative 
complication but smoking status was not (104). 

Repair of Peyronie’s disease

There is evidence from a multicenter epidemiological 
survey to suggest a link between tobacco use and the 
development of Peyronie’s disease (105). Several series have 
failed to show tobacco status has any impact on outcomes 
of surgical correction of Peyronie’s including placement of 
penile prosthesis (106,107).

Artificial urinary sphincter placement

The largest cohort in the urology literature to examine the 
effect of smoking analyzed 1,270 patients who underwent 
artificial urinary sphincter placement. On univariate 
analysis numerous factors (age, diabetes, coronary artery 
disease) were identified as associated with device infection 
or erosion but being a current or former smoker was  
not (108). There was no difference in 1- and 5-year device 
survival between patients with a history of tobacco use and 
non-smokers. 

Urethroplasty

The majority of clinical studies on urethroplasty outcomes 
which include tobacco use in their analysis found that it was 
not associated with worse outcomes (109-111). Notable 
among these are a prospectively maintained database and 
two multi-institutional retrospective reviews from the 
Trauma and Urologic Reconstructive Network of Surgeons 
group which all found tobacco use, current or former, was 
not an independent risk factor for urethroplasty failure 
(109-111). Breyer et al., in a single institutional retrospective 
review, found smoking associated with urethroplasty 
failure (HR =1.8, P=0.05), but of the 74 smokers in 
the cohort, only 8 had a buccal mucosa graft (BMG) 
urethroplasty with only one of which failed. A failure rate 
of 12.5% is in line with the general literature on BMG 
urethroplasty (109,110,112). In contrast, Sinha et al. found 
the urethroplasty success rate of tobacco users was 58% 
compared to 94% (P=0.008) in tobacco non-users, but the 
number of patients in this study, 24 users and 18 nonusers, 
was too small to reliably make any generalizations (113). 

Another single institution review of 261 patients [of which, 
just 79 (30.3%) utilized oral mucosa] found that being a 
former smoker was associated with urethroplasty failure 
(HR =2.1, P=0.047), but didn’t find that being a current 
smoker affected outcomes. This finding clearly suggests 
that the outcome of former smokers was confounded 
by a variable not present in current smokers (114).  
One recent publication by Kurtzman et al. looked at 
histologic architecture of oral mucosa grafts as well as 
post-operative success as a function of oral health. The 
main objective of this report was to correlate worse scores 
on validated oral health surveys with clinical outcomes 
and adverse pathology, but the authors did not specifically 
look at the effect of tobacco use (66). The authors found a 
positive association between worse oral health scores and a 
thinner lamina propria, however only 5 of the 51 patients 
in the study were current or former tobacco users making 
it difficult to ascertain what role tobacco use plays in this 
association (66). 

Overall, the literature on the impact of smoking on post-
operative outcomes following elective urologic surgery 
is limited, which can make drawing broad conclusions 
difficult. Most of the studies that do report smoking or 
tobacco use as an investigational variable in outcomes did 
not have the effect of smoking as a primary outcome, and 
thus are not powered to look at the effect of tobacco. The 
largest cohort included over 1,200 patients but only 41 of 
those were active smokers. Those studies that were designed 
to specifically to assess the effect of tobacco use were very 
small cohorts. Additionally, many of the urology specific 
studies did not differentiate between current and former 
smokers which may have blunted any effect smoking has on 
surgical outcomes. 

Conclusions

Indisputably, smoking cessation should be encouraged in all 
patients to improve their overall health and we are cognizant 
of the possibility that smoking can adversely affect surgical 
outcomes. A shared decision-making approach should be 
employed when discussing the increased risk of wound and 
pulmonary complications smokers in the setting of elective 
urologic surgeries. Thus, all patients should be encouraged 
to cease tobacco use prior to surgery, but tobacco use by 
itself should not be considered a contraindication to using 
BMG or a reason to deny patients treatment of urethral 
stricture disease.
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