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ABSTRACT

Background: Cigarette smoke (CS) is a long-term risk factor for several disorders of the respiratory
and cardiovascular systems. In this study, we aimed to analyze the current effects of cigarette smoke
on patients who underwent thoracic surgery. In line with this purpose, we analyzed patients who were

admitted to a thoracic surgery clinic recently and their smoking history.

Materials and Methods: We reviewed patients who underwent thoracic surgery (n = 867) and were
admitted to our clinic between January 2018 and December 2018. The patients were categorized
into seven groups comprising the most common types of thoracic pathology as, lung carcinoma (n
= 338), pneumothorax (n = 219), pleural effusion (n = 131), mediastinal lymphadenopathy (n = 77),
pneumomediastinum (n = 22), bronchiectasis (n = 30), and hydatid cyst (n = 10). Cases were reviewed in
detail for demographics, smoking history in terms of pack-years, thoracic pathology, and hospitalization
duration (days).

Results: Statistical analysis revealed that smoking is still a significant factor contributing to lung
cancer. Cigarette smoke did not appear to be a factor in mediastinal lymphadenopathy, bronchiectasis,
pleural effusion or hydatid cyst cases. Additionally, hospitalization duration was significantly longer in
the smoker group.

Conclusions: The data reviewed are compatible with the current knowledge on the mechanisms of
cigarette smoke-related pathologies. Cigarette smoke is still associated with common thoracic surgery
pathologies such as lung carcinoma, pneumothorax, and pneumomediastinum. This may be rephrased

thus, the absence of cigarette smoke would greatly decrease the prevalence of thoracic surgery cases.
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Introduction

Cigarette smoke (CS) is a hazardous mixture of multiple
chemical compounds that cause a variety of pulmonary
and systemic effects in humans [1]. CS is a long-term risk
factor for several disorders of the respiratory and cardio-
vascular systems. Tobacco is consumed in the form of CS
by nearly one-fifth of the world’s population [2].

Smoking is the most significant cause of chronic respi-
ratory bronchitis, pulmonary emphysema, and bronchial
carcinoma [3]. In addition, studies have revealed that cig-
arette smoking is the major cause of both obstructive pul-
monary diseases and chronic respiratory symptoms such
as cough, wheezing, and dyspnea. CS is the main known
cause of cancer-related deaths worldwide [4].

Chest radiography studies demonstrated that pulmo-
nary micronodules and lobular opacities were mostly
due to changes induced by pathological CS substrates
[5]. Moreover, CS-related in vitro studies revealed in-
duction of DNA strand breaks, formation of DNA ad-
ducts, and mutagenic cytogenetic effects [6].

In this study, we aimed to analyze the current effects of
CS on patients who underwent thoracic surgery. In line with
this purpose, we analyzed patients who were admitted to a
thoracic surgery clinic recently and their smoking history.

Material and Methods

This retrospective study was approved by the local eth-
ics committee (2020-64, December 2020). All partici-
pants provided informed consent prior to their inclusion
in the study. We reviewed patients who underwent tho-
racic surgery (n = 867) and were admitted to our clinic
between January and December 2018. We excluded pa-
tients (n = 40) who were exposed to toxic substances,
or had pectus deformities, traumatic hemothorax, rib
fracture, and traumatic pneumothorax. Subsequently,
the remaining 827 patients were included in the study.

The patients were categorized into seven groups
comprising the most common types of thoracic patholo-
gy: lung carcinoma (n = 338), pneumothorax (n = 219),
pleural effusion (n = 131), mediastinal lymphadenopa-
thy (n = 77), pneumomediastinum (n = 22), bronchiec-
tasis (n = 30), and hydatid cyst (n = 10). Lung cancer
patients with mediastinal lymphadenopathy or pleural
effusion were included in the lung cancer group. We
analyzed the studied cases in two groups depending on
their classification as smokers or non-smokers.
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Cases were reviewed in detail for demographics,
smoking history in terms of pack-years, thoracic pathol-
ogy, and hospitalization duration (days). Twenty ciga-
rettes smoked every day for one year was referred to as
“a pack-year.” Lymph node enlargement was defined as
a size of more than 7-11 mm on the short axis depending
on the regional nodal station [7].

Statistical Analysis

All statistical analyses were performed using SPSS
version 21.0 software (SPSS, Inc., Chicago, IL, USA).
Descriptive statistics are summarized as counts and per-
centages for categorical variables; mean and standard
deviations and median (minimum and maximum) for
others. The differences between two groups in terms
of categorical variables were compared by using Chi-
Square test or Fisher’s exact test, where applicable.
Differences between two groups for non-normally dis-
tributed continuous variables were evaluated by Mann
Whitney U test. P value less than 0.05 was considered
significant.

Results

Our retrospective study recruited 827 patients, includ-
ing 669 men (80.1%) and 158 women (19.1%). The
mean age was 48.8 + 16.7 (range 16-90) years, and
the mean hospitalization duration was 3.9 + 5.8 (range
1-26) days. Of the 827 patients, 554 (67.1%) underwent
surgery due to related thoracic pathology. The smoker
group comprised 72% (n = 595) of the cohort. The mean
value of consumption was 24.6 + 14.3 (range 3-90)
pack-years in the smoker group.

Of the 827 patients who were referred to our thorac-
ic surgery clinic, 40.9% had lung cancer, among whom
79% were smokers (n =267); 26.5% had pneumothorax,
among whom 75.8% were smokers (n = 166); 15.8%
had pleural effusion, among whom 67.1% were smok-
ers (n = 88); 9.3% had mediastinal lymphadenopathy,
among whom 46.7% were smokers (n = 36); 2.6% had
pneumomediastinum, among whom 86.3% were smok-
ers (n = 19); 3.6% had bronchiectasis, among whom
56.7% were smokers (n = 17), and 1.2% had hydatid
cyst, among whom 20% were smokers (n = 2). The
characteristics and comparative analysis of the smokers
and non-smokers are shown in table 1.



Table 1. Characteristics of the studied groups.

Parameter Smoker  Non-smoker
(n=595)  (n=232)

Gender

Male 481 (80.8%) 188 (81.1%) 0.949°

Female 114 (192%) 44 (19%)

Age (years) 493+169 48.6+182 0.56™

igi’)kmg (pack : 246+143 -

Hospitalization 5 .51 4657 0001 ™

(days)

Pathology

267 (44.5%) 71 (30.6%) <0.001 ¢
166 27.9%) 53 (22.8%) 0.139°¢
88 (14.7%) 43 (18.5%) 0.185¢

Lung cancer
Pneumothorax
Pleural effusion

Mediastinal LAP 36 (6.1%) 41 (17.7%) <0.001 ¢

Pneumomedi- g 350 3(13%) 0.127°
astinum

Bronchiectasis 1729%) 13 (5.6%) 0.058¢

Hydatid cyst 2(03%) 8(34%) 0001°

¢, chi-square test, m; Mann—Whitney U test, f; Fischer’s exact test

The parameters were studied to predict the possi-
bility of CS as a factor in related thoracic pathology.
Statistical analysis revealed that smoking is a factor
contributing to lung cancer, pneumothorax, and pneu-
momediastinum while it was only significant for lung
cancer (Table 1). CS did not appear to be a factor in me-
diastinal lymphadenopathy, pleural effusion, bronchiec-
tasis, or hydatid cyst cases. Additionally, hospitalization
duration was significantly longer in the smoker group
(4.6 £ 5.7, range 1-26 days) than in the non-smoker
group (2.4 + 5.1, range 1-24 days) (p =0.001).

Discussion

Cigarette smoke causes apoptotic cell death and aging,
and damages repair functions performed by lung fibro-
blasts, which are essential for maintaining the integrity of
the alveolar structure by producing extracellular matrix
proteins [8]. CS inhibits fibroblast proliferation and mi-
gration, and induces DNA damage [9]. CS-induced inhi-
bition of fibroblast activity contributes to the reduction of
lung repair following lung injury [10]. In our study, we
aimed to demonstrate the current effects of a commonly
known toxic substance; CS, in thoracic surgery patients.
We mainly analyzed patients with the seven most com-
mon groups of thoracic surgery pathologies.

CS is the most important cause of lung cancer [4].
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Carcinoma arises from genetic alterations that cause
the release of neoplastic cells from homeostatic mecha-
nisms that govern cell proliferation [11]. After the dis-
covery of the significant role of the tumor suppressor
gene p53 mutations in human cancer, many studies have
revealed a high prevalence of p53 mutations in many
types of cancers that were linked to CS exposure. Al-
most half of all lung cancer cases have been reported to
present pS3 mutations. Furthermore, the prevalence of
mutations in the p53 gene, were higher in lung tumors
from smokers as compared to those from non-smokers
[12]. In addition, mutations in the KRAS gene occur
in approximately one-third of lung cancer patients with
adenocarcinoma histology, and these mutations have
been found to be associated with smoking [13]. CS has
been a known cause of lung carcinoma for decades and
continues to be the leading cause of lung carcinoma. In
our study, statistical analysis revealed that smoking still
had a significant effect on lung carcinoma.

Pneumothorax remains one of the most common pa-
thologies requiring thoracic surgery. As a result of the
rupture of subpleural blebs or bullae, primary spontane-
ous pneumothorax (PSP) typically occurs mostly in tall
and young male smokers, with no apparent co-existing
lung diseases. The risk of PSP is linked to CS and in-
creases with duration of exposure and daily consump-
tion. CS stimulates bronchiolar remodeling by inducing
growth factors in the distal airway wall via increased
release of active transforming growth factors [14]. CS
induces pathologic changes in the small distal airways,
which contributes to the development of local emphy-
sema followed by the consequent formation of bullae.
The trapping of air distally due to CS-induced bronchi-
olar inflammation and respiratory bronchiolitis leading
to alveolar overdistension, causes bullae formation and
possible rupture [15]. However, the pathophysiologic
mechanism of PSP formation due to CS and its clinical
correlation are not strictly demonstrated. Controversy
still exists around the occurrence of bullae and PSP. In
our study, statistical analysis revealed that smoking had
an effect on pneumothorax but it was not significant.

CS interferes with macrophage response to infection
by decreasing its phagocytic ability [16]. Thus, smokers
tend to contract primary tuberculosis and pneumonia.
Patients with latent tuberculosis may develop active
disease, leading to increased disease burden in the com-
munity due to CS. Smoking is associated with a higher
incidence of parapneumonic effusion in patients with
community-acquired pneumonia and higher pleural in-
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flammatory markers [17]. In our study, the most com-
mon causes of pleural effusion were tuberculosis and
pneumonia-related pleuritis due to the exclusion of ma-
lignant and cardiac pleural effusion. We excluded these
cases because elaboration of the CS effect on these
patients was not possible due to the apparent cause of
pleural effusion. Statistical analysis revealed that smok-
ing did not have a significant effect on pleural effusion.

Enlarged lymph nodes are mostly known as a sign of
malignancy, although they are also observed in benign
conditions such as sarcoidosis, chronic heart failure,
obstructive pulmonary disease, and pneumoconiosis.
In addition to exposure to various substances, the de-
position of CS itself also results in enlargement of the
hilar and mediastinal lymph nodes of smokers. Recent
studies have demonstrated that benign enlargement of
mediastinal lymph nodes is a common finding in heavy
smokers and is more often identified in smokers than
in non-smokers. Thus, CS itself is hypothesized to be a
cause of enlargement of mediastinal lymph nodes [18].
Nevertheless, in our study, statistical analysis revealed
that smoking did not have a significant effect on medi-
astinal lymphadenopathy.

Spontaneous pneumomediastinum (SPM) is mostly
a self-limiting pathology that clinically presents as the
presence of free air in the mediastinum without any trau-
matic cause. SPM is usually observed in young adults
with the most common clinical symptoms, including
shortness of breath, chest and neck pain, difficulty in
swallowing, and swelling of the face and neck. The
most common precipitating factor of SPM is bronchial
asthma, with alveolar rupture being the main etiology.
Other causes include barotrauma including the Valsalva
maneuver, and inhalation of various substances such as
CS, cocaine, and marijuana. Alveolar rupture leads to
air leakage to the broncho-vascular sheath, which con-
sequently results in the release of air that reaches the
me-diastinum [19]. CS has been well reported in the lit-
erature as a risk factor for SPM. In our study, statistical
analysis revealed that smoking had an effect on SPM
but it was not significant.

Bronchiectasis is a pathological, nonreversible en-
largement of the bronchial airways. The diagnosis of
this condition is made on the basis of visual identifica-
tion of an airway whose diameter is greater than that of
the adjacent artery on computed tomography (CT) scans
or lung tissue [20]. Studies suggest that bronchiolitis is
the initial lesion in bronchiectasis. The presence and se-
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verity of airflow obstruction, correlated with the intensi-
ty of mosaic attenuation detected on high-resolution CT
scans, cause bronchiectasis. CS-related chronic bronchi-
tis and bronchiectasis share many common pathological
findings. There are three well-known causes of chronic
bronchitis: cystic fibrosis and primary ciliary dyskine-
sia, which are genetically determined, and CS [21]. All
three conditions compromise the mucociliary transport
apparatus and may lead to bronchiectasis. However, in
our study, statistical analysis revealed that smoking did
not have an effect on bronchiectasis.

Hydatid cyst disease is a parasitic infection caused by
Echinococcus granulosus, characterized by cystic lesions
in the liver and lungs. In the available literature, there is
no established relationship between hydatid cyst of the
lung and tobacco exposure. Statistical analysis revealed
that smoking had no effect on hydatid cysts in our study.

Lung fibroblasts produce extracellular matrix pro-
teins, including collagen, elastin, and fibronectin, which
are required for the attachment, structure, and function
of alveolar epithelial cells; thus, they are considered
mandatory for the maintenance of the integrity of al-
veolar structure. CS causes a malfunction in the body’s
repair mechanism by vitiating fibroblast activity [22]. In
our study, we found that smokers also had significantly
longer hospital stay compared to non-smokers due to
longer recovery time.

In our study, nonsmoker patients’ ratio to smoker
patients was higher compared to literature. In terms of
probable factors, subtle exposure to asbestos which is
common in our country or living in limestone houses
especially in Anatolian region of the country may be
agents of thoracic pathology in nonsmoker patients.

Limitations of the Study

Our study was a retrospective, single-center clinical
study. It utilized one year’s worth of collected data, which
consisted of a limited number of thoracic surgery cases.
Our study recapitulates the effect of CS on the studied
pathologies using up-to-date data; however, it does not
contribute additional knowledge to existing literature

In conclusion, CS initiates damage by causing re-
spiratory bronchiolitis and disrupting the homeostatic
mechanisms governing cell proliferation, followed by
parenchymal damage. The data reviewed are compat-
ible with the current knowledge on the mechanisms of
CS-related pathologies. CS is still associated with com-
mon thoracic surgery pathologies such as lung carci-



noma, pneumothorax, and pneumomediastinum. This
may be rephrased thus: the absence of CS would greatly
decrease the prevalence of thoracic surgery cases.

Declaration of conflicting interests

The authors declared no conflicts of interest with re-
spect to the authorship and/or publication of this article.

Funding

The authors received no financial support for the re-
search and/or authorship of this article.

Ethics approval

Approval for this retrospective, descriptive, single-
center study was obtained from Istanbul Yedikule Chest
Disease and Thoracic Surgery Training and Research
Center Ethical Comitee (2020-64, December 2020).

Authors’ contribution

YS; designed the analysis, wrote the paper, OVY; col-
lected data, performed the analysis, MO; collected data,
NM; contributed data, LC, MAB; editing.

References

1. Bartecchi CE, Mackenzie TD, Schrier RW. The human costs of
tobacco use. N Engl J Med 1994; 330: 907-80.

2.  Seibert AF, Haynes J Jr, Middleton R, Bass JB Jr. Tuberculous
pleural effusion. Twenty-year experience. Chest 1991; 99: 883-6.

3. Hartman TE, Tazelaar HD, Swensen SJ, Miiller NL. Cigarette
smoking: CT and pathologic findings of associated pulmonary
diseases. Radiographics 1997; 17: 377-90.

4. Forey BA, Thornton AJ, Lee PN. Systematic review with meta-
analysis of the epidemiological evidence relating smoking to
COPD, chronic bronchitis and emphysema. BMC Pulm Med
2011; 11: 36.

5. Remy-Jardin M, Remy J, Gosselin B, Becette V, Edme JL.Lung
parenchymal changes secondary to cigarette smoking: patho-
logic-CT correlations. Radiology 1993; 186: 643-51.

6. Anttila S, Hakkola J, Tuominen P, Elovaara E, Husgafvel-
Pursiainen K, Karjalainen A et al. Methylation of cytochrome
P4501A1 promoter in the lung is associated with tobacco
smoking. Cancer Res 2003; 63: 8623-8.

7. Glazer GM, Gross BH, Quint LE, Francis IR, Bookstein FL,
Orringer MB. Normal mediastinal lymph nodes: numberand
size according to American Thoracic Society mapping. AJR
Am J Roentgenol 1985; 144: 261-5.

8. Nyunoya T, Monick MM, Klingelhutz A, Yarovinsky TO,
Cagley JR, Hunninghake GW. Cigarette Smoke Induces Cel-
lular Senescence. Am J Respir Cell Mol Biol 2006; 35: 681-8.

Seyrek et al
Smoking in thoracic surgery patients

9. Kim H, Liu X, Kohyama T, Kobayashi T, Conner H, Abe S et al.
Cigarette smoke stimulates MMP-1 production by human lung
fibroblasts through the ERK1/2 pathway. COPD 2004; 1: 13-23.

10. D’Anna C, Cigna D, Costanzo G, Ferraro M, Siena L, Vitulo P
et al. Cigarette smoke alters cell cycle and induces inflamma-
tion in lung fibroblasts. Life Sci 2015; 126: 10-8.

11. Hahn WC, Weinberg RA. Modelling the molecular circuitry of
cancer. Nat Rev Cancer 2002; 2: 331-41.

12. Hollstein M, Sidransky D, Vogelstein B, Harris CC. p53 muta-

tions in human cancers. Science 1991; 253: 49-53.

13. Rodenhuis S, Slebos RJ, Boot AJ, Evers SG, Mooi WJ, Wage-
naar SS et al. Incidence and possible clinical significance of K-
ras oncogene activation in adenocarcinoma of the human lung.
Cancer Res 1988; 48: 5738-41.

14. Churg A, Tai H, Coulthard T, Wang R, Wright JL. Cigarette
smoke drives small airway remodeling by induction of growth
factors in the airway wall. Am J Respir Crit Care Med 2006;
174: 1327-34.

15. Schramel FM, Postmus PE, Vanderschueren RG. Current aspects
of spontaneous pneumothorax. Eur Respir J 1997; 10: 1372-9.

16. Yang DC, Chen CH. Cigarette Smoking-Mediated Macrophage
Reprogramming: Mechanistic Insights and Therapeutic Impli-
cations. J Nat Sci 2018; 4: e539.

17. Amaro R, Sellarés J, Riesco JA, Cillloniz C, Abad E, Torres
A. Late-breaking abstract: Smoking is associated with higher
incidence of parapneumonic effusion in community-acquired
pneumonia. Eur Resp J 2014; 44: P318.

18. Kirchner J, Kirchner EM, Goltz JP, Lorenz VW, Kickuth R.
Prevalence of enlarged mediastinal lymph nodes in heavy

smokers: a comparative study. Eur Rad 2011; 21: 1594-9.

19. Alaska YA. Spontaneous Pneumomediastinum Secondary to
Hookah Smoking. Am J Case Rep 2019; 20: 651.

20. Chalmers JD, Goeminne P, Aliberti S, McDonnell MJ, Lonni S,
Davidson J et al. The bronchiectasis severity index. An inter-
national derivation and validation study. Am J Respir Crit Care
Med 2014; 189: 576-85.

21. Boucher RC. Relationship of airway epithelial ion transport to
chronic bronchitis. Proc Am Thorac Soc 2004; 1: 66-70.

22. Clark RAF. Wound repair. Overview and general consider-
ations. In: Clark RAF, ed. The Molecular and Cellular Biology
of Wound Repair. New York: Plenum Press, 1996: 3-50.

This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribu-
tion (CC BY) license (http://creativecommons.org/licenses/
by/4.0/).

91





