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Abstract.
Background: Not only is smoking a risk factor for the development of bladder cancer, it has also been implicated in
increasing surgical morbidity and mortality. In general, the demographic and clinical characteristics of smokers are different
to non-smokers which can bias the results of the impact of smoking.
Objective: To evaluate the impact of smoking on radical cystectomy outcomes.
Methods: Radical cystectomy cases were identified in the National Surgical Quality Improvement Program database from
2007–2015. Smokers were matched with non-smokers using propensity scores in a 1:1 ratio. Multivariate logistic regression
was performed to evaluate the overall incidence of Clavien III-V complications. Secondary analysis was performed for the
incidence of each complication recorded in NSQIP.
Results: A total of 850 smokers undergoing radical cystectomy were matched to 850 non-smokers. The matching process
improved the balance of covariates between smokers and non-smokers. The overall incidence of Clavien III-V complications
was higher in smokers (13.1% vs 7.4%, p < 0.001). This corresponded to an adjusted odds ratio of 1.9 [95%CI 1.4–2.6,
p = 0.028]. Other comorbid conditions worsened post-operative complications amongst smokers. When evaluating each
complication recorded in the database, smokers had a higher incidence of wound dehiscence, pneumonia and myocardial
infarction.
Conclusion: Current smokers have a greater risk of morbidity following radical cystectomy. This should be considered when
evaluating safety of surgery and patients should be counselled accordingly. Furthermore, even a short period of pre-operative
smoking cessation can improve surgical outcomes.
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INTRODUCTION
Bladder cancer is the ninth most commonly diagnosed cancer worldwide with incidence trends mirroring those of smoking prevalence [1]. It is estimated
that smokers have greater than a two-fold increased
1 This data was presented at the American Urological Association’s 2018 Annual Meeting, May 18-21, 2018 in San Francisco,
CA, USA.
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risk of developing bladder cancer than non-smokers
and population attributable risk for ever smoking is
approximately 50% [2]. Not only is smoking associated with increased bladder cancer carcinogenesis,
biological aggressiveness is also greater amongst
smokers. Heavy smokers have a higher burden of
muscle-invasive disease than non-smokers OR of 7.2
(95%CI, 4.5–11.6) [3]. The gold-standard management option for muscle-invasive disease is radical
cystectomy (RC) and bilateral lymphadenectomy.
However, this is relatively morbid procedure with
an estimated complication rate of 31.3%, including a
2.7% risk of death [4].
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Inhalation of tobacco smoke has a multitude
of adverse effects on the human body. Although
the underlying mechanisms are not completely
understood, there is established association between
smoking and atherogenesis, which leads to cardiovascular disease. Inflammatory processes that been
implicated in potentiating cardiovascular pathology
[5] are also involved in the development of obstructive
pulmonary diseases [6]. Furthermore, the chemicals
inhaled in cigarette smoke impairs the immune system, and subsequently, healing following stress or
injury [7]. Given these pathophysiological effects, a
smoking history is a recognised risk factor of perioperative morbidity and mortality across surgical
procedures [RR 1.5, 95%CI 1.3–1.7] [8]. However,
amongst patients undergoing RC, the association
between smoking and peri-operative outcomes is not
clearly defined [4, 9, 10]. Smoking status has been
shown to not affect the likelihood of surgical complications following RC in multivariable logistical
regression analysis [4, 10]. This relationship may
be not be clearly defined in bladder cancer patients
partly due to the high prevalence of smokers in
this population. Additionally, there are a number
of pitfalls with using regression methods to evaluate the effect of a variable especially when multiple
confounders are being adjusted for simultaneously
and the number of events is low, as is the case
with severe surgical complications [11]. Furthermore, there may be inherent differences in patient
characteristics between smokers and non-smokers,
which would influence the estimate of effect. These
shortcomings can be addressed by using propensity
scores that can balance observed covariates between
smokers and non-smokers and improve the robustness of the calculated effect.
This study aims to characterize the effect of current smoking as an independent risk factor regardless
of other coexisting comorbidities on radical cystectomy outcomes by performing a propensity-matched
analysis.

METHODS
Study population
The American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP)
database from 2007–2015 was used in this study.
Highly trained clinical chart abstractors at over 600
participating institutions review individual medical

charts and record pre-operative information and
30-day peri-operative outcomes. Information in this
database has been demonstrated to be highly reliable
[12].
Radical cystectomy patients were identified in
the database using Current Procedural Terminology
(CPT) codes. Only cases for which the indication
was bladder cancer, identified through International
Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes, were included for
analysis. Furthermore, only elective procedures and
localized cases were included. Cases with missing
information on smoking status were also excluded.
This study was exempt from review by an Institutional Review Board.
Outcomes
The primary outcome was the incidence of 30-day
Clavien III-V complications which was calculated
using previous definitions [13]. Complications of any
grade in addition to wound, respiratory, cardiac, central nervous system and genitourinary complications
were all evaluated as secondary endpoints. Similar to the classification system used by Borad and
colleagues, wound complications included superficial surgical site infection (SSI), deep incisional SSI
and/or organ/space SSI [14]. Respiratory events were
defined as pneumonia, unplanned intubation, pulmonary embolism and ventilator requirement greater
than 48 hours. Cardiac arrest and myocardial infarction were classed as cardiac complications.
Statistical analysis
Differences in clinical characteristics between
smokers and ex-/non-smokers were compared using
Student’s t test for continuous variables and chisquare test for categorical variables. Propensity score
analysis with direct matching was then performed
to address the difference in baseline characteristics between the groups. The propensity score was
developed by including all pre-operative patient
characteristics. Smokers were then matched to nonsmokers using the nearest neighbour method in a 1:1
ratio without replacement. Balance of covariates was
assessed both numerically and graphically using the
standardized difference of means of the propensity
score and a histogram of score distribution, respectively [15]. The unadjusted and adjusted incidence
of the outcomes of interest were then compared
between smokers and non-smokers. All p values were
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Fig. 1. Distribution of propensity scores before and after matching.

Table 1
Patient demographics prior to propensity score matching
Median age (IQR)
Gender, n (%)
Male
Female
Race, n (%)
White
Minority
Mean BMI, kg/m2 (SE)
Comorbidities, n (%)
Diabetes
Hypertension
Steroid use
Weight loss
Bleeding disorder
Chronic heart failure
Renal failure
Functionally dependent
ASA category, n (%)
1–2
3
4
Type of diversion, n (%)
Non-continent
Continent

All patients, n (%)

Smokers, n (%)

Non-Smokers, n (%)

p value

69 (62–76)

64 (57–70)

71 (64–77)

<0.001
0.455

4,008 (82.2)
869 (17.8)

971 (81.5)
221 (18.5)

3,037 (82.4)
648 (17.6)

4,189 (94.2)
258 (5.8)
28.5 (0.1)

1,029 (93.5)
72 (6.5)
27.3 (0.2)

3,160 (94.4)
186 (5.6)
29.0 (0.1)

996 (20.4)
2,989 (61.3)
160 (3.3)
123 (2.5)
183 (3.8)
33 (0.7)
11 (0.2)
71 (1.5)

188 (15.8)
618 (51.9)
31 (2.6)
42 (3.5)
41 (3.4)
8 (0.7)
2 (0.2)
18 (1.5)

808 (21.9)
2,371 (64.3)
129 (3.5)
81 (2.2)
142 (3.9)
25 (0.7)
9 (0.2)
53 (1.4)

1,241 (25.5)
3,375 (69.3)
255 (5.2)

305 (25.6)
823 (69.1)
63 (5.3)

936 (25.4)
2,552 (69.4)
192 (5.2)

3,824 (80.1)
949 (19.9)

878 (75.8)
280 (24.2)

2,946 (81.5)
669 (18.5)

0.233

<0.001
<0.001
<0.001
0.121
0.014
0.512
0.979
0.618
0.856
0.986

<0.001
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Table 2
Patient demographics after to propensity score matching
Median age (IQR)
Gender, n (%)
Male
Female
Race, n (%)
White
Minority
Mean BMI, kg/m2 (SE)
Comorbidities, n (%)
Diabetes
Hypertension
Steroid use
Weight loss
Bleeding disorder
Chronic heart failure
Renal failure
Functionally dependent
ASA category, n (%)
1–2
3
4
Type of diversion, n (%)
Non-continent
Continent

All patients, n (%)

Smokers, n (%)

Non-Smokers, n (%)

p value

63 (57–70)

63 (56–70)

64 (57–70)

0.782
0.284

1,393 (81.9)
307 (18.1)

688 (80.9)
162 (19.1)

705 (82.9)
145 (17.1)

1,586 (93.3)
114 (6.7)
27.7 (0.1)

793 (93.3)
57 (6.7)
27.9 (0.2)

793 (93.3)
57 (6.7)
27.6 (0.2)

255 (15.0)
900 (52.9)
57 (3.4)
60 (3.5)
66 (3.9)
12 (0.7)
6 (0.4)
27 (1.6)

130 (15.3)
447 (52.6)
21 (2.5)
60 (3.5)
35 (4.1)
6 (0.7)
2 (0.2)
14 (1.7)

125 (14.7)
453 (53.3)
36 (4.2)
30 (3.5)
31 (3.7)
6 (0.7)
4 (0.5)
13 (1.5)

439 (25.8)
1,166 (68.6)
95 (5.6)

220 (25.9)
582 (68.5)
48 (5.7)

219 (25.8)
584 (68.7)
47 (5.5)

1,251 (73.6)
449 (26.4)

633 (74.5)
217 (25.5)

618 (72.7)
232 (27.3)

1.00

0.222
0.734
0.771
0.042
1.00
0.615
1.00
0.409
0.846
0.992

0.409

two-sided and statistical significance set at the 0.05
level. Data analysis was performed in R (R Foundation for Statistical Computing, Vienna, Austria)
version 3.4 using the ‘MatchIt’ package [16].
RESULTS
Based on the inclusion criteria outlined above,
2,541 complete cases of radical cystectomy for
bladder cancer were identified. Of this cohort,
33.4% (n = 850) were classified as current smokers. Patient demographics prior to propensity score
matching is outlined in Table 1. Smokers were
matched with ex-/non-smokers in 1:1 ratio, thus
resulting in 1,691 unmatched controls. Demographic characteristics after matching are outlined
in Table 2 and the distribution of propensity scores
between smokers and non-smokers are depicted
in Fig. 1.
The overall incidence of Clavien III-V complications in the matched cohort was 10.2% (n = 174). The
unadjusted incidence was greater amongst smokers
than non-smokers (13.1% vs 7.4%, p < 0.001). This
translates to a relative risk of 1.8 [95%CI 1.3–2.4].
After adjusting for clinical characteristics, smoking
status was still a significant predictor of a Clavien IIIV complications [OR 1.9, 95%CI 1.4–2.6, p = 0.028].
The interplay between smoking and other covariates

on complications are outlined in Table 3. Relative
to non-smokers, smokers without the comorbidity
of interest had a higher incidence of complications;
and those smokers with the comorbidity experienced
an even higher complication rate. Similarly, smokers from a minority group had a higher incidence of
Clavien III-V complications than smokers of Caucasian descent or non-smokers.
Results for the secondary endpoint evaluated are
outlined in Table 4. Smoking status was significantly associated with wound dehiscence, overall
wound complications, myocardial infarction and
major bleeding events.
DISCUSSION
This study provides a comprehensive overview of
the risk profile of current smoking on radical cystectomy outcomes. Compared to non- and ex-smokers,
individuals that are currently smoking have nearly
a two-fold increase in risk of experiencing a major
complication following radical cystectomy. Although
this relationship has not been previously clearly characterized in the population of bladder cancer patients
undergoing radical cystectomy, it is consistent with
the broader surgical literature where smokers were
reported to have an increased risk of peri-operative
morbidity and mortality. Musallam and colleagues
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Table 3
Relationship between smoking status and comorbidities on Clavien
III-V complications
Clavien III-V
Non-smokers [ref]
Smoker & non-diabetic
Smoker & diabetic
Smoker & non-minority status
Smoker & minority status
Smoker & functionally independent
Smoker & functionally dependent
Smoker & no chronic heart failure
Smoker & chronic heart failure
Smoker & no hypertension
Smoker & hypertension
Smoker & no renal failure
Smoker & renal failure
Smoker & no steroid use
Smoker & steroid use
Smokers & no weight loss
Smoker & weight loss
Smoker & no bleeding disorder
Smoker & bleeding disorder

7.40%
12.80%
14.60%
13.00%
14.00%
12.90%
21.43%
12.80%
50.00%
9.20%
16.55%
12.97%
50.00%
12.91%
19.05%
13.05%
13.33%
12.82%
19.35%

p
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

demonstrated that amongst individuals undergoing
major surgery, smokers have an increased risk of mortality [OR 1.17, 95%CI 1.10–1.24], arterial events
(myocardial infarction and stroke) [OR 1.65, 95% CI
1.51–1.81] and respiratory complications [OR 1.45,
95%CI 1.40–1.51] [17]. A dose-response relationship was observed by Hawn and colleagues where
the incidence of pulmonary complications was highest amongst individuals with greater than a 20-year
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pack-year history [18]. This differs from other studies
evaluating perioperative outcomes after cystectomy
in which smoking status did not act as a significant
predictor of complications [4, 9, 10]. In contrast to
previous studies, which were not primarily designed
to quantify the effect of smoking and utilized regression analyses to estimate the effect, the present study
provides more robust estimates by using a propensity score method which balances observed covariates
between smokers and non-smokers. The difference in
baseline clinical characteristics between smokers and
non-smokers (Table 1) suggests that confounding factors are contributing the lack of difference observed in
previous studies and supports the need for a matched
analysis. Furthermore, this study observed that additional comorbid conditions amongst smokers amplify
the risk of experiencing a complication and thus
emphasizes the importance of optimizing management of chronic diseases prior to surgery, especially
in those that smoke. Likewise, smokers from minority
groups displayed a higher incidence of Clavien III-V
complications than smokers from Caucasian descent.
A multitude of factors may contribute to this disparity including differences in the biological response
to tobacco smoke [19–21], smoking patterns [22, 23]
and/or access to high-quality healthcare [24, 25]. The
findings in the current study can be employed to aid
clinical decision-making when determining risk of
radical cystectomy and also assists in counselling
patients of this risk.

Table 4
Secondary endpoints results
Wound complications
Superficial SSI
Deep incisional SSI
Organ/space SSI
Wound dehiscence
Pulmonary Complications
Pneumonia
Unplanned intubation
Pulmonary embolism
Prolonged ventilator time
Cardiovascular complications
Stroke/CVA
Cardiac arrest requiring CPR
Myocardial infarction
DVT/thrombophlebitis
Other
Acute renal failure
Progressive renal insufficiency
Urinary tract infection
Bleed requiring transfusion
Sepsis
Septic shock

Overall Incidence

Smokers

Non-smokers

p value

Smoking adjusted odds ratio [95%CI]

253 (14.9)
96 (5.7)
42 (2.5)
92 (5.4)
56 (3.3)
124 (7.3)
54 (3.2)
47 (2.8)
37 (2.2)
29 (1.7)
88 (5.2)
7 (0.4)
15 (0.9)
20 (1.2)
52 (3.1)

144 (16.9)
53 (6.2)
26 (3.1)
51 (6.0)
36 (4.2)
67 (7.9)
33 (3.9)
27 (3.2)
13 (1.5)
16 (1.9)
46 (5.4)
2 (0.2)
10 (1.2)
17 (2.0)
21 (2.5)

109 (12.8)
43 (5.1)
16 (1.9)
41 (4.8)
20 (2.4)
57 (6.7)
21 (2.5)
20 (2.4)
24 (2.8)
13 (1.5)
42 (4.9)
5 (0.6)
5 (0.6)
3 (0.4)
31 (3.7)

0.017*
0.293
0.117
0.283
0.028*
0.351
0.095
0.299
0.065
0.574
0.661
0.248
0.191
<0.001*
0.158

1.4 [1.1–1.9]*
1.3 [0.8–1.9]
1.7 [0.6–3.1]
1.3 [0.8–1.9]
1.9 [1.1–3.3]*
1.2 [0.8–1.8]
1.6 [0.9–2.8]
1.4 [0.8–2.5]
0.7 [0.4–1.2]
1.2 [0.6–2.6]
1.1 [0.7–1.7]
0.4 [0.1–2.1]
2.4 [0.8–7.5]
6.1 [1.8–21.3]*
0.7 [0.4–1.2]

22 (1.3)
33 (1.9)
160 (9.4)
615 (36.2)
163 (9.6)
39 (2.3)

14 (1.7)
15 (1.8)
75 (8.8)
283 (33.3)
83 (9.8)
20 (2.4)

8 (0.9)
18 (2.1)
85 (10.0)
332 (39.1)
80 (9.4)
19 (2.2)

0.195
0.598
0.406
0.013*
0.805
0.871

1.9 [0.4–8.3]
0.8 [0.4–1.6]
0.9 [0.6–1.2]
0.8 [0.6–0.9]*
1.1 [0.8–1.5]
1.1 [0.6–2.0]

*Denotes statistical significance, p < 0.05.
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The data outlining the increase in peri-operative
morbidity and mortality associated with smoking can
be harnessed by clinicians to motivate individuals to
quit smoking, if they have not already done so following cancer diagnosis. While smoking status should
not preclude, or even delay surgery, there is highquality evidence that suggest that even a short-period
of cessation could improve outcomes. In a randomized controlled trial, smokers that were assigned to the
cessation group consisting of counselling and nicotine replacement therapy that commenced four weeks
prior to surgery and continued for four weeks after,
had a 49% [95% CI 3–73] relative risk reduction in
post-operative complications compared to controls
who continued smoking [26]. The number needed to
treat in the aforementioned trial was 5 [95%CI 3–40]
thus highlighting the considerable effect of changing
smoking habits pre-operatively. Another randomized
trial by Møller et al. reported a relative risk of 0.34
[95%CI 0.17–0.58] for any complication in smokers
that were in the cessation group compared to controls [27]. The largest effect observed in that cohort
was for wound related complications where there was
an 83% risk reduction in those that abstained from
smoking [RR 0.16, 95%CI 0.05–0.52]. The results of
the current study support the observed higher risk of
complications amongst current smokers. It should be
noted that trials which have examined smoking cessation intervention that were implemented within four
weeks prior surgery were not as effective in preventing complications and thus suggests that cessation
interventions need to commence at least one month
before surgery to maximise benefit [28]. From a practical aspect it would be prudent to encourage smoking
cessation earlier in the clinical timeline, such as at
the time of haematuria workup or cancer diagnosis
which especially provides an opportunity to implement lifestyle changes [29–31], so that the harms of
smoking can be halted and the benefits of cessation
can be fully realized.
There are certain limitations that should be considered when interpreting the results of this study. This
study only focuses on cases which underwent radical cystectomy for bladder cancer and thus may not
be generalizable to other procedures. An attempt was
made to distinguish ex-smokers and non-smokers but
this was not feasible due to pack-year data being missing in 84.2% (n = 4,108) of included cases and thus it
is likely that the true difference between smokers and
non-smokers is greater than observed in this study.
Additionally, participation in NSQIP is voluntary and
subsequently the patient population and/or outcomes

may not reflect those seen in non-NSQIP institutions.
Furthermore, propensity score matching can only
balance covariates recorded in the database and thus it
is possible that other unmeasured confounders could
be impacting outcomes.
CONCLUSION
Current smokers face nearly a two-fold increase
in surgical complications, particularly wound dehiscence and myocardial infarction, following radical
cystectomy. As a result, smoking cessation should be
encouraged during bladder cancer work-up to optimize surgical outcomes.
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