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Abstract

Background: We conducted a review of current literature to examine the effects of smoking and smoking cessation on
shoulder arthroplasty surgery.

Methods: A literature search was performed using the search terms “shoulder arthroplasty AND [smoke OR smoking
OR tobacco OR nicotine].” Studies included English-language clinical outcomes studies on anatomic total shoulder
arthroplasty (TSA), reverse TSA, and partial shoulder arthroplasty with evidence levels | through 4. Descriptive statistics
calculated in the included studies were used during the analysis. Categorical variables were reported as proportions, while
continuous variables were reported as means with minimum to maximum absolute ranges.

Results: Twenty-four studies were included and analyzed. Following TSA, patients who quit smoking at least | month
preoperatively had improved outcomes compared to current smokers. Current smokers had statistically significant higher
pain scores or opioid use. Five studies found increased rates of revision surgery in smokers. Smokers were significantly
(p <0.05) more likely to have increased rates of surgical, wound, superficial, and deep surgical site complications.
Discussion: Former smokers had lower complication rates and visual analog scale scores when compared to current
users. A period of four weeks or more of preoperative smoking cessation is recommended.

Level of Evidence: Level Ill, Systematic Review.
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Introduction adults, and $156 billion is lost every year due to decreased
productivity.’ As the leading cause of preventable death,
smoking kills over 7 million people a year globally, of
which 480,000 are in the United States.® For total joint
arthroplasty procedures, hospital costs are about $5000
higher for smoking patients than nonsmoking patients.”

The incidence of anatomic total shoulder arthroplasty
(TSA) and reverse TSA has increased by approximately
9% per year in the United States." Over two-thirds of
TSAs are performed on patients 65 years or older; thus,
the demand for these procedures will grow with the aging
US population in future decades.” Outcomes are generally
excellent, with 95% of patients reporting positive patient
satisfaction, pain relief, and improved functi()rL3 IJohn Sealy School of Medicine, The University of Texas Medical Branch,
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For surgical patients, smoking is the single most import-
ant risk factor for developing postoperative complications.®
A randomized clinical trial found that a preoperative six- to
eight-week smoking cessation program substantially
reduced postoperative morbidity.” Another retrospective
study found that smoking increased the risk of surgical-site
infections and wound complications after shoulder arthro-
plasty, but medical complications (cardiac arrest, myocar-
dial infarction, deep vein thrombosis, pulmonary
embolism, septic shock, pulmonary complications, renal
injury, and death) were not increased.'®

Although studies have been conducted on the relation-
ship between shoulder surgery complications and
smoking, there are very few systematic reviews of related
literature. Existing systematic reviews that discuss the
subject of smoking and arthroplasty excluded shoulder
arthroplasty. We hypothesized that smoking negatively
affects outcomes of anatomic TSA, reverse TSA, and
partial shoulder arthroplasty (PSA, also known as hemiar-
throplasty) and increases complications. Furthermore, we
hypothesize that former smokers would have lower compli-
cation rates than current users, providing evidence that ces-
sation is associated with better outcomes.

Methods

Methodology and reporting of data in this systematic
review were performed over available literature using the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) protocol (Figure 1). This
review was registered with the PROSPERO database (regis-
tration number: CRD42021235823). The search strategy
was based on ‘“shoulder arthroplasty AND [smoke OR
smoking OR tobacco OR nicotine]” using the PubMed,
Scopus, Cumulative Index to Nursing and Allied Health
Literature (CINAHL), Ovid Medline, and Cochrane
Library databases. Studies were included if they met the fol-
lowing criteria: English-language clinical outcome studies
after anatomic TSA, reverse TSA, and PSA with levels of
evidence I (randomized controlled trials), II (cohort
studies), III (case—control studies), and IV (case series);
stemless shoulder arthroplasty and resurfacing hemiarthro-
plasty studies; basic science studies examining anatomic
TSA, reverse TSA, and PSA; and studies that investigated
smoking as a risk factor for increased shoulder complica-
tions or shoulder revision surgery. Total shoulder arthro-
plasty is defined as the replacement of portions of the
shoulder joint. Partial arthroplasty/hemiarthroplasty
involves replacing the upper humerus with a metal
implant and leaving the glenoid intact. Studies not written
in English, level V evidence (expert opinion), clinical and
basic science studies analyzing surgeries outside of shoul-
der arthroplasty, and studies not reporting shoulder arthro-
plasty outcomes for tobacco smokers were excluded.

The initial search yielded 232 articles (55 duplicates, 177
screened, and 34 full-text reviews). Of these, 24 studies met
the inclusion criteria and were analyzed. These studies
included one basic science study, two cohort studies
(Level of Evidence II), 14 case—control studies (Level of
Evidence III), and seven case series (Level of Evidence
IV). Descriptive statistics calculated in the included
studies were used during the analysis. Categorical variables
were reported as proportions, while continuous variables
were reported as means with minimum to maximum
absolute ranges. All studies used statistical analyses with
p<0.05 as the statistically significant threshold.

Results

Pain and opioid use

Eight studies analyzing pain and opioid use found statistic-
ally significant higher subjective pain scores or opioid use
in smokers compared to nonsmokers following TSA
(Table 1).'"'® The two studies investigating visual
analog scale (VAS) scores for reverse TSA found signifi-
cantly higher scores in smokers than nonsmokers
(p<.05).">'® The other two studies investigating VAS
scores after anatomic TSA found significantly higher
scores for active smokers (p < .05).1316 A notable finding
was that former smokers had lower VAS scores than non-
smokers and active smokers, suggesting that smoking ces-
sation leads to significant pain reduction postoperatively
(p<.05).13:1516

Kolade et al.'? reported that smoking was a modifiable
risk factor for increased inpatient opioid use following
TSA. Active smokers had an average morphine milligram
equivalents (MMESs) of 38.2, compared to patients who
had never smoked (MME 24.9, p=0.021) and former
smokers (MME 31.6, p=0.3). The expected decrease in
inpatient opioid use postoperatively was lower in active
smokers than in former smokers (p =.03) and nonsmokers
(p=.01). Longer duration of smoking (more pack-years)
also showed a lower than expected reduction in opioid con-
sumption (p =.03).

The four studies evaluating postoperative opioid
dependence following anatomic TSA all found a significant
increase for smokers compared to nonsmokers.'!'!*!%!7
Only one study evaluated postoperative opioid dependence
following reverse TSA and found no significant difference
among smoker categories.'*

Hospital-related outcomes

Of the six studies analyzing smoking and revision TSA, five
found increased rates of revision surgery in smokers
(Table 2 and Figure 2).1919°23 Four studies, shown in
Figure 2, have a combined odds ratio of 1.59 (95% CI,
1.30-1.89). Walters et al.'” was the only study to claim
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Figure I. PRISMA flowchart.

no difference in revision surgery rates for smokers; these
authors also noted they routinely preferred nonoperative
management over revision surgery in patients who smoked.

Although Althoff et al.'® found no significant difference
in 30-day hospital readmission rates between smokers and
nonsmokers undergoing TSA (P=0.241), they did observe
that the percentage of smokers readmitted was greater than
nonsmokers (0.6% vs. 0.3%, respectively). Schwartz
et al.** noted smokers had increased 30- and 90-day readmis-
sion rates following shoulder arthroplasty compared to non-
smokers (p =0.025 and p =0.001, respectively).

Consumer Assessment of Healthcare Providers and
Systems (CAHPS) scores are used by CMS for financial
reimbursement, so it is important for healthcare providers
to manage factors that influence them. Surveys on patient
perspectives of their care showed Hospital Consumer
Assessment of Healthcare Providers and Systems
(HCAHPS) satisfaction scores were significantly higher
for nonsmokers compared to smokers following shoulder
arthroplasty (p=0.03).>* There was no significant differ-
ence in Clinician and Group Consumer Assessment of

Healthcare Providers and Systems (CG-CAHPS) satisfac-
tion scores between smokers and nonsmokers.>*

Measures of shoulder function

Smoking was not found to have deleterious effects on post-
operative range of motion (ROM) improvement in three
studies (Table 3)."*'®5 Friedman et al.'® found smoking
to be significantly associated with decreased internal rota-
tion scores for reverse TSA patients (p =0.002).

Smoking was found as an independent risk factor for
reduced Patient Acceptable Symptom State (PASS)
achievement on American Shoulder and Elbow Surgeons
(ASES) shoulder score for anatomic TSA by two-thirds of
the studies,ls’ls’26 and half of the studies for reverse
TSA.'"®?® Two studies evaluated PASS achievement for
Single Assessment Numerical Evaluation and found no
statistical difference due to smoking status.'>?® The
single study looking at PASS for Constant-Murley found
significantly lower PASS scores for anatomic TSA but
not reverse TSA.?°
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Table |. Pain and opioid use.

Number of
Level of patients, mean
evidence  Author(s) Journal age (years)
Il Best et al'' Orthopedics 5676 (57)
(2021)

1 Kolade et al'*  Journal of Shoulder 622 (68)

(2020) and Elbow
Surgery
1] Walters et al'®  Journal of Shoulder 186 (70)
(2020) and Elbow
Surgery
] Khazi et al'* Journal of 12,038 (NR)
(2020) Shoulder and
Elbow Surgery
1l Walters et al'®  Current 102 (66)
(2018) Orthopaedic
Practice
n Wells etal'®  Journal of Shoulder 163 (61)
(2018) and Elbow
Surgery
v Martusiewicz Journal of Shoulder 50 (63)
etal'’ (2020)  and Elbow
Surgery

Type of
arthroplasty

Pertinent findings

Anatomic TSA  Smokers had significantly increased
postoperative opioid dependence (OR, 1.3
[95% CI, 1.0-1.7], p=.034).

Anatomic TSA
& reverse TSA

Inpatient opioid consumption was measured
in morphine milligram equivalents (MME).
Active smokers had higher MME compared
to never smokers (38.2 and 24.9,
respectively; p =.021). Former smokers had
MME of 31.6 (p=.3) when compared to
active smokers. Expected decrease in
inpatient opioid use postoperatively was
lower in active smokers than former
smokers (p =.03) and never smokers (p =
.01). Longer duration of smoking (more
pack-years) showed lower reduction of
opioid consumption (p =.03).

Reverse TSA Postoperative active smokers (2.5)
experienced less pain relief than
nonsmokers (1.8) and former smokers (1.0)

(P=.014).

anatomic TSA & Smokers at 12 months postoperatively had
reverse TSA increased opioid dependence for anatomic
TSA (OR, 1.36 [95% CI, |.11-1.66], p=
.0023), but not for reverse TSA (OR, |.17
[95% CI, 0.96—1.41], p=.119).

Anatomic TSA  Smokers averaged a VAS score 3.9 times
higher than nonsmokers (1.3) and former
smokers (1.0). Smokers to nonsmokers, p =
.04.

Anatomic TSA  Cumulative OME use 12 weeks
postoperatively was higher in smokers
(2348 mg) than nonsmokers (1637 mg) and
former smokers (1623 mg) (p <.003).
Average OME/day was higher in smokers
than non- and former smokers (p <.003).
Preoperative VAS scores were higher in
smokers than non- and former smokers (p <
.001) for both. Mean reduction of VAS
scores was significantly lower in smokers
compared to non- and former smokers (2.8
versus 4 and 4.3, p <.02).

Anatomic TSA  Smokers consumed 21 1.6 more MEUs than
nonsmokers (SE, 92.3; P=.03), while
former smokers consumed |10.9 more
MEUs than nonsmokers (SE, 50.2; p =.03).

(continued)
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Table I. Continued.

Number of
Level of
evidence

Author(s)

Journal age (years)

1l Friedman et al'® Journal of Shoulder 2421 (NR)
(2019) and Elbow
Surgery

patients, mean

Type of

arthroplasty Pertinent findings

Anatomic TSA  Smokers had increased VAS scores by 0.81
& reverse TSA  compared to nonsmokers (p <.005) for
reverse TSA. Anatomic TSA findings were
nonsignificant.

Cl: confidence interval; MEU: morphine equivalent units; MME: morphine milligram equivalents; NR: not reported; OME: oral morphine equivalents; OR:
odds ratio; SE: standard error; TSA: total shoulder arthroplasty; VAS: visual analog scale.

Although the length of hospital stay was longer for
current smokers than for former and nonsmokers (1.21
days, 0.95, and 1.07 days, respectively), it was not a statis-
tically significant difference.'®

Friedman et al.'® noted that shoulder function score,
Simple Shoulder Test score, and University of California
Los Angeles postoperative scores were not significantly dif-
ferent for smokers undergoing anatomic TSA. However, all
these scores were significantly lower in smokers undergo-
ing reverse TSA. The study by Friedman et al.'® had a
mean follow-up of 49 months, while Polce et al.?® com-
pleted their follow-up at the two-year mark, which may
contribute to the differences in shoulder function scores.

Postoperative complications

Mixed results were found regarding postoperative TSA
complications (Table 4 and Figure 3). Four studies,
shown in Figure 3, have a combined odds ratio of 2.92
(95% CI, 1.80-4.04). Patients who smoke were signifi-
cantly (p <0.05) more likely to have increased rates of sur-
gical, wound, superficial, and deep surgical site
complications.'® Two studies found supporting evidence
that smokers have significantly increased rates of wound
complications following shoulder arthroplasty.'®** Roach
et al.>’ found a higher incidence of positive culture on sub-
scapularis tagging sutures compared to nonsmokers and
former smokers, indicating an increased risk of infection
for smokers.

General complication rates for reverse TSA in association
with smokers were found by one study to be significantly
higher (p=0.01).>° Hatta et al.*® found that smoking was
only significant for anatomic TSA/reverse TSA during uni-
variate analysis, but not during multivariate analysis (p=
0.013 vs. p=0.11, respectively). Two-thirds of studies strictly
analyzing anatomic TSA complication rates found that
smokers had significantly higher rates.'>'®?

Hatta et al.”® also found that smoking was only signifi-
cant for anatomic TSA/reverse TSA during univariate ana-
lysis for postoperative fractures, but not during multivariate
analysis (p=0.037 vs. p=0.068, respectively). One other
study evaluating scapular fractures after reverse TSA

found smokers did not have increased rates of postoperative
fractures.*® Lastly, Hatta et al.>® found periprosthetic infec-
tions were significantly increased in smokers for univariate
and multivariate analysis (p <0.001). This was supported
by Schwartz et 3122; conversely, Morris et al.3' looked at
only reverse TSA and found opposing data.

Radiographic outcome data by Wagner et al.** found
that smokers had increased glenoid lucency (p<0.01),
while Walters et al'® found no significant difference in peri-
prosthetic radiolucency. Singh et al.** found that smokers
did not have a significant difference in anatomic tuberosity
healing compared to nonsmokers. Schwartz et al.*? ultim-
ately found that smokers were significantly more likely to
have instability of the prosthesis, postoperative pneumonia,
sepsis, and myocardial infarction (p<0.001). However,
Althoff et al.'® found no significant difference in smoking
status and medical complications such as cardiac arrest or
myocardial infarction, pulmonary complication, renal
injury, urinary tract infection, urinary tract infection, deep
vein thrombosis, pulmonary embolism, sepsis, or death.

Discussion

The goal of reviewing current literature on TSA post-
operative outcomes was to identify methods for decreasing
complication rates. Our review identifies tobacco smoking
as a modifiable risk factor closely associated with worse
postoperative outcomes, making it a prime target for inter-
vention. Implementation of preoperative smoking cessation
protocol will result in improved patient outcomes and
reduced costs (associated with complications) to providers.
There are some factors to consider prior to surgery on
patients with a history of smoking: smoking status may
influence the surgical approach, and outcomes may be
improved by smoking cessation preoperatively.

Our data show that, when deciding between reverse TSA
or anatomic TSA, the smoking status may warrant consid-
eration. Polce et al*® found that patient-reported ASES
outcome scores were significantly lower in the smoking
group compared to the nonsmoking group for anatomic
TSA, but were not significantly different between
smokers and nonsmokers for reverse TSA. The same
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Table 2. Hospital-related outcomes.

Number of
patients, mean
age (years)

Level of
evidence

Author(s)

Journal

Il Althoff et al'®  Journal of 14,465 (NR)
(2020) Shoulder and
Elbow Surgery
v Leong et al'®  HSS Journal 824 (NR)
(2020)
v Samuelsen Journal of 63 (60)
etal?® (2017)  Shoulder and
Elbow Surgery
] Werner et al*' Journal of 22,138 (NR)
(2015) Shoulder and
Elbow Surgery
I Schwartz Bone & Joint 210,786 (NR)
etal?? (2020)  Journal
\Y% Matar et al**  Journal of 50 (63)
(2021) Shoulder and
Elbow Surgery
i Wagner et al”® Journal of Bone 143 (69)

(2015) & Joint Surgery

anatomic TSA &

Anatomic TSA,

Anatomic TSA &

Reverse TSA

Type of
arthroplasty

Pertinent findings

No significant difference in 30-day hospital
readmission rates between smokers and
nonsmokers undergoing TSA (OR, 1.2 [95%
Cl, 0.885-1.626], p =.241).

reverse TSA

NR Smokers had significantly higher need for
revision surgery (OR 8.1, p<.001).
Reverse TSA Smokers had significantly higher need for

revision surgery (p <.001)

Smokers had significantly higher rates of early
(< | year) revision surgery than nonsmokers
for anatomic TSA (OR, 1.6 [95% CI, 1.5-1.8],
p<.0001), reverse TSA (OR, 1.6 [95% ClI,
1.3-2.0], p<.0001), and PSA (OR, 1.8 [95%
Cl, 1.6-2.0], p<.0001).

reverse TSA, and
PSA

Smokers had increased 30- and 90-day
readmission rates compared to nonsmokers
(p=.025 and p =.001, respectively).
Smokers also had significantly higher rates of
revision surgery within 90 days (p <.001).

HCAHPS satisfaction scores were significantly
higher for nonsmokers compared to
smokers (77.7 +£22 and 59.6 + 5.2, p =.03).
There was no significant difference in
CG-CAHPS satisfaction scores between
smokers and nonsmokers.

reverse TSA

Smoking was identified as a statistically
significant risk factor for revision surgery
(HR, 6.11 [95% CI, 1.11-24.9], p <.04).

CG-CAHPS: Clinician and Group Consumer Assessment of Healthcare Providers and Systems; Cl: confidence interval; HCAHPS: Hospital Consumer
Assessment of Healthcare Providers and Systems; HR: hazard ratio; NR: not reported; OR: odds ratio; PSA: partial shoulder arthroplasty; TSA: total

shoulder arthroplasty.

study also found a similar result for patient-reported
outcome scores on the Constant—Murley assessment. A
study by Walters et al.'* suggested that reverse TSA may
yield more favorable outcomes than anatomic TSA in
patients with a history of smoking, possibly attributable to
reverse TSA circumventing the rotator cuff, which is espe-
cially affected by smoking. However, in direct contradic-
tion, Friedman et al.'® found no negative association
between tobacco use on anatomic TSA patient outcomes
but observed a negative influence on ROM and passive
ROM scores following reverse TSA. Currently, there is
not enough evidence to indicate the superiority of one pro-
cedure over the other in terms of postoperative outcomes for
patients who smoke. Further investigation is required to

identify which technique yields the least complications
for the subset of TSA patients that consume nicotine
products.

That smokers have inferior postoperative outcomes com-
pared to nonsmokers is well-documented; however,
smoking cessation prior to TSA can significantly reduce
negative outcomes. Patients with a history of smoking
who quit at least one month prior to TSA had improved out-
comes compared to current smokers, with the largest
improvement in the rate of periprosthetic fractures.”®
Longer preoperative smoking cessation for former
smokers was associated with postoperative outcomes com-
parable to nonsmokers.'>'® Walters et al.'” found that two-
month smoking cessation prior to TSA lowered the risk of
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Figure 2. Forest plot |: odds ratio of revision surgery and readmission rates.

complications, pain, and dysfunction to nonsmoker levels.
In another study, Wells et al.'® found patients that quit
smoking at least three months prior to anatomic TSA had
postoperative outcomes similar to nonsmokers.

A similar review investigating the potential benefits of
smoking cessation prior to all types of total joint arthro-
plasty found results congruent to ours.” Although there
are limited data regarding preoperative smoking cessation
models and the quitting time required to yield improved
postoperative outcomes,”” information on preoperative
smoking cessation models indicates that significant
improvements in postoperative outcomes occur when
patients stop smoking at least four weeks prior to surgery,
and outcomes can be further improved with longer quit
times.>*>® Our findings specific to TSA parallel those of
McConaghy et al.” Based on the studies analyzed in our
review, the clinical recommendation for a four-week
minimum preoperative smoking cessation program prior
to total joint arthroplasty is applicable for most patients
prior to TSA. Although benefits may be seen with as little
as one month of smoking cessation, patients should be
encouraged to abstain from smoking for as long as possible

prior to TSA given the additional reductions in negative
postoperative outcomes seen with longer quit times.

The primary strength of this review is the clinically rele-
vant guidance that can be gained from our observations.
However, a few limitations should also be recognized.
The large breadth of included articles meant there was
little homogeneity in methodologies. The lack of standard-
ization for smoking definitions introduces ambiguity when
discussing smoking outcomes. Among the studies analyzed
in this review, most did not provide the criteria used to cat-
egorize patients as current, former, or nonsmokers. Those
that did provide criteria were usually not standardized,
which complicated analysis. The Centers for Disease
Control and Prevention’s National Health Interview
Survey provides standardized and generalizable criteria
for a current smoker as “an adult who has smoked 100
cigarettes in his or her lifetime and who currently smokes
cigarettes” and a former smoker as “an adult who has
smoked at least 100 cigarettes in his or her lifetime but
who had quit smoking at the time of interview.”’
Additionally, the definition of former smokers can be
further refined by standardizing a quantifiable quit time,



E Kamma et al. 491

Table 3. Measures of shoulder function.

Number of
Level of patients, mean  Type of
evidence  Author(s) Journal age (years) arthroplasty Pertinent findings
1l Walters Journal of Shoulder 186 (70) Reverse TSA Smokers did not significantly improve
etal' and Elbow postoperatively for internal and external
(2020) Surgery rotation (p=0.31 and p =0.83, respectively).

Nonsmokers and former smokers had
significant (p <0.05) improvements
postoperatively for all forward flexion and
internal/external rotation. Nonsmokers had
nonsignificant improvement in external

rotation.
] Polce et al*®  Journal of Shoulder 204 (66) Anatomic TSA & A two-year follow-up, patient-reported
(2021) and Elbow reverse TSA outcomes survey found that smokers had
Surgery lower rates of achieving the PASS than

nonsmokers after anatomic TSA: PASS on ASES
(OR, 0.5 [95% ClI, 0.279-0.896], p =.022),
PASS for Constant-Murley (OR, 0.48 [95% ClI,
0.251-0.909], p =.027). The PASS for SANE in
anatomic TSA was nonsignificant for smokers.
The reverse TSA cohort had nonsignificant
PASS score differences for smokers in the
ASES, SANE, and Constant—Murley surveys.

I Walters Current 102 (66) Anatomic TSA  No significant difference in smokers for ROM
etal® Orthopaedic and SANE scores. The mean ASES score in
(2018) Practice smokers is significantly lower (62) than

nonsmokers (79) and former smokers (84) (p
=.0007), indicating worse postoperative
shoulder function.

] Wells et al'®  Journal of Shoulder 163 (61) Anatomic TSA  LOS was not significantly longer in smokers than
(2018) and Elbow former and nonsmokers (1.2 days vs. 0.95 vs.
Surgery 1.07).
v Levy et al®®  Journal of Shoulder 230 (70) Anatomic TSA  Smokers did not have statistically different ROM
(2016) and Elbow postoperatively from nonsmokers (R, 0.078; p
Surgery =.23).
] Friedman Journal of Shoulder 2421 (NR) Anatomic TSA & Smoking had significant effects on reverse TSA
etal'® and Elbow reverse TSA scores postoperatively. It negatively influenced
(2019) Surgery the following postoperative scores: internal

rotation scores by 0.7 points (p =.002), ASES
scores by 8.7 points (p =.001), Shoulder
Function Score by 0.6 points (p =.033), SST
score by 1.2 points (p=.001), and UCLA score
by 1.6 points (p=.02).

Tobacco use did not have significant effects on
postoperative reverse TSA scores for
abduction, forward flexion, and external
rotation.

Smoking did not have significant effects
postoperatively for any anatomic TSA shoulder
scores.

ASES: American Shoulder and Elbow Surgeons Shoulder Score; LOS: length of stay; NR: not reported; PASS: Patient Acceptable Symptomatic State; ROM:
range of motion; SANE: Single Assessment Numeric Evaluation; SST: Simple Shoulder Test; TSA: total shoulder arthroplasty; UCLA: University of
California Los Angeles.
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Table 4. Postoperative complications.

Number of
Level of patients, mean
evidence  Author(s) Journal age (years) Type of arthroplasty Pertinent findings
]l Althoff et al.'® Journal of 14,465 (NR)  Anatomic TSA &  Smoking was not significantly associated with
(2020) Shoulder and reverse TSA higher rates of medical complications (cardiac
Elbow Surgery arrest or M, pulmonary complication, renal

injury, UTI, DVT or PE, sepsis, or death).
Smokers had increased rates of wound
complications (OR, 8.586 [95% ClI, 2.483—
29.69], p =.001), and surgical complications
(OR, 3.259 [95% ClI, 1.861-5.709], p <.001),
including superficial surgical-site infection
(OR, 3.537 [95% ClI, 1.464-8.542], p =.005)
and deep surgical-site infection (OR, 2.749
[95% CI, 1.238-6.104], p=.013).

Basic Roach et al””  Journal of 50 (70) Anatomic TSA &  Current smokers had significantly higher risk of
science  (2019) Shoulder and reverse TSA positive culture on subscapularis tagging
Elbow Surgery suture compared to nonsmokers and former
smokers (OR, 12.3,[95% Cl, 1.14-132.9], p=
.038).
] Walters Current 102 (66) Anatomic TSA Smokers were found to have higher
etal'® Orthopaedic complication rates following anatomic TSA
(2018) Practice compared to nonsmokers and former

smokers (36%, 15%, and 7% respectively; p =
.05). No significant difference was found for
periprosthetic radiolucency between the

groups.

]l Wells et al'®  Journal of 163 (61) Anatomic TSA No statistically significant difference was found
(2018) Shoulder and between complication rates following

Elbow Surgery anatomic TSA among current smokers (18%),

nonsmokers (I 1%, p =.35), and former
smokers (8%, p =.28).

v Leschinger  Journal of 275 (68) Anatomic TSA Smokers had significantly increased risk for
etal® Shoulder and Category | complications (intraoperative
(2017) Elbow Surgery complications and complications not

requiring revision: nerve palsy, implant
dislocation, humeral fracture, glenoid
fracture, temporary glenohumeral
dislocation, intraoperative bleeding, and
implant instability) compared to nonsmokers
following anatomic TSA (OR, 5.44 [95% ClI,
1.99-14.88], p =.002).

No difference was found in rates of Category
Il complications (complications needing
soft-tissue revision: recurrent glenohumeral
dislocation, wound infection, and
contractures at shoulder) between the
smoking and nonsmoking groups.

The overall complication rates between
smokers and nonsmokers who underwent
anatomic TSA was significantly different (OR,
5.08 [95% ClI, 1.96—13.11], p=.002).

(continued)
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Table 4. Continued.

Number of
Level of patients, mean
evidence  Author(s) Journal age (years) Type of arthroplasty Pertinent findings
Il Hatta et al*® Journal of 1614 (69) Anatomic TSA & Univariate analysis of complication rates
(2017) Shoulder and reverse TSA between smokers and nonsmokers who
Elbow Surgery underwent TSA showed a statistically

significant difference (HR, 1.75 [95% ClI, 1.28—
2.75], p=.013); however,
multivariable-adjusted analyses failed to show
a significant difference between the smoking
and nonsmoking groups.

Univariate analysis showed significantly more
postoperative fractures among the smoking
group compared to the nonsmoking group
(HR, 4.5 [95% ClI, 1.09-30.21], p =.037), while
multivariate analysis did not show a significant
difference between the groups. There was also
no significant difference in rates of
intraoperative fractures between the groups.
The rate of periprosthetic infection in patients
who underwent TSA was significantly higher for
the smoking group compared to the
nonsmoking group with both univariate analysis
(HR, 5.22 [95% CI, 1.92-18.23],

p <.001) and multivariate analysis (HR, 5.36
[95% CI, 1.91-19.11], p<.001).

1\ Samuelsen Journal of 63 (60) Reverse TSA Smokers had significantly higher rates of
et al®® Shoulder and complications (p=.01) and postoperative
(2017) Elbow Surgery dislocation (p =.04) compared to nonsmokers.
1l Morris et al®'  Journal of 301 (68) Reverse TSA The rate of periprosthetic infection in patients
(2015) Shoulder and who underwent reverse TSA was not
Elbow Surgery significantly higher for smokers compared to
nonsmokers (OR, 1.07 [95% ClI, 0.1 1-5.02], p
=.999).
1\ Otto et al®®  Journal of 265 (75 Reverse TSA c? analysis did not show a significant difference
(2013) Shoulder and [median]) in scapular fracture rates after reverse TSA
Elbow Surgery between smoking and nonsmoking patients.
I Singh et al*? Journal of 84 (66.9) Hemiarthroplasty ~ Smokers did not have a significant difference in
(2017) Shoulder and anatomic tuberosity healing compared to
Elbow Surgery nonsmokers (OR for union, |.21; p=.73).
Il Schwartz Bone & Joint 210,786 (NR) NR Smokers had significantly increased rates of
etal? Journal wound complications, infection, prosthesis
(2020) instability, postoperative pneumonia,

postoperative myocardial infarction (p <.001
for all), and postoperative sepsis

(p=.001).
i Wagner Journal of Bone & 143 (69) Reverse TSA Smoking significantly increased glenoid lucency
etal® Joint Surgery (p<.0l), but did not significantly influence
(2015) the graft resorption, humeral lucency, or

scapular notching.

Cl: confidence interval; DVT: deep vein thrombosis; HR: hazard ratio; MI: myocardial infarction; NR: not reported; OR: odds ratio; PE: pulmonary
embolism; TSA: total shoulder arthroplasty; UTI: urinary tract infection.
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Figure 3. Forest plot 2: odds ratio of surgical complications.

or the length of time passed since last tobacco consumption.
Of the studies included, only Hatta et al.?® and Wells et al.'®
quantified minimum quit time to be considered a former
smoker as one month and three months prior to surgery,
respectively. Additionally, no studies stratified smokers
based on the quantity of tobacco consumption. This
leaves unanswered questions regarding the dose-response
effect of smoking and whether higher consumption requires
longer smoking cessation to receive the same protective
effects. Currently, the CDC NHIS divides -current
smokers into “everyday smokers” and ‘“‘someday
smokers” to increase specificity regarding the quantity
smoked; however, a numerical classification of cigarettes
or packs per day would be more advantageous to draw
conclusions about the quantity of tobacco consump-
tion.”’ Regardless of variations in study methods, a
regular result was that preoperative smoking cessation
was correlated with better outcomes following TSA.
Many of the studies may be affected by recall bias
since they depended on patients to report smoking cessa-
tion timelines. Due to possible recall bias and lack of
homogeneous methodology, a large-scale, prospectively
controlled study over TSA postoperative outcomes
would provide more evidence.

This review demonstrates that smoking is significantly
associated with poor clinical outcomes following shoulder
arthroplasty. Current literature shows that smoking is asso-
ciated with numerous postoperative complications, increased
opioid use, and worse shoulder function improvement scores.
Smoking, likely mediated by nicotine, interferes with the
postoperative recovery process. Smoking directly impairs

the immune system and causes increased susceptibility to
infection.®® Specifically, nicotine is immunosuppressive via
inhibition of the innate immune system, which is important
in preventing postoperative wound infection.®® Nicotine use
also impairs wound healing by reducing collagen synthe-
sis.***? Since nicotine is one of the main harmful ingredients
of cigarettes, the use of nicotine replacement therapy, elec-
tronic cigarettes, or “vapes” likely produces similarly inferior
postoperative outcomes. Furthermore, there is large variability
between the nicotine content of different electronic cigarettes,
which are not always accurately dosed.*® Electronic cigarettes
are still a newer form of nicotine consumption that needs to be
studied longitudinally for us to have a comprehensive picture
of their deleterious impact on postoperative recovery.
Importantly, former smokers had lower complication rates
and VAS scores when compared to current users. To
improve postoperative outcomes following preoperative
smoking cessation, healthcare providers should work with
all patients who actively smoke tobacco products at the time
of initial consult to identify a preoperative smoking cessation
plan that is achievable for at least one month prior to surgery.
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