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c Service de Chirurgie Thoracique, Nouvel Hôpital Civil, Strasbourg Université, Strasbourg, France
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Abstract

OBJECTIVES: Health care-associated infections (HAIs) are serious issues following lung cancer surgery, leading to an increased risk of mor-
bidity and hospital cost burden. The aim of this study was to evaluate the impact on postoperative outcomes of a preoperative screening
and decolonization strategy of nasal carriers for Staphylococcus aureus prior to lung cancer surgery.

METHODS: We performed a retrospective study comparing 2 cohorts of patients undergoing major lung resection: a control group of
patients from the placebo arm of the randomized Clinical Study to Evaluate the Efficacy of Chlorhexidine Mouthwashes operated on be-
tween July 2012 and April 2015 without any nasopharyngeal screening (N = 224); an experimental group, with preoperative screening for
S. aureus of nasal carriers and selective 5-day decolonization in positive carriers using mupirocin ointment between January 2017 and
December 2017 (N = 310). The 2 groups were matched according to a propensity score analysis with 1:1 matching. The primary outcome
was the rate of postoperative HAIs, and the secondary outcome was the need for postoperative mechanical ventilation after surgery.

RESULTS: After matching, 2 similar groups of 108 patients each were obtained. In the experimental group, 26 patients had positive results
for nasal carriage, and a significant decrease was observed in the rate of overall postoperative HAIs [control n = 19, 17.6%; experimental
group n = 9, 8.3%; P = 0.043; relative risk 0.47 (0.22–1)] and in the rate of postoperative mechanical ventilation [control n = 12, 11.1%; exper-
imental group n = 4, 3.7%; P = 0.038; relative risk 0.33 (0.11–1)]. After logistic regression and multivariable analysis, screening of S. aureus na-
sal carriers reduced the rate of HAIs [odds ratio (OR) 0.29, 95% confidence interval (CI) 0.11–0.76; P = 0.01] and reduced the risk of the
need for postoperative mechanical ventilation (OR 0.19, 95% CI 0.05–0.74; P = 0.02). There was no significant statistical difference between
the 2 groups regarding the rate of postoperative S. aureus-associated infection (control group n = 6, 5.6%; experimental group n = 2, 1.9%;
P = 0.28).

CONCLUSIONS: Identification of nasal carriers of S. aureus and selective decontamination using mupirocin appeared to have a beneficial
effect on postoperative infectious events after lung resection surgery.

Keywords: Lung cancer surgery • Mupirocin • Pneumonia • Respiratory insufficiency • Postoperative complications

ABBREVIATIONS

CI Confidence interval
HAI Health care-associated infection
OR Odds ratio
VATS Video-assisted thoracoscopic surgery

INTRODUCTION

Surgery is the recommended treatment in early stage lung can-
cer. However, despite the improvement in surgical techniques
with the broadening of minimally invasive surgery and the prog-
ress in perioperative care, lung resection is still associated with
serious postoperative morbidities and mortality rates [1]. Among
postoperative morbidities, respiratory and infectious complica-
tions are serious issues and may lead to early postoperative death
following lung cancer surgery [2]. Therefore, development of pre-
ventive strategies to reduce or avoid these respiratory infectious
complications should be a major concern for medical and surgi-
cal teams treating these patients.

There is evidence of the effects of perioperative oropharyngeal
and nasopharyngeal decontamination using chlorhexidine gluco-
nate in lung resection surgery, without decreased respiratory in-
fection or respiratory failure but with a decrease in other health
care-associated infections (HAIs) [3]. Preoperative nasopharyn-
geal screening and decolonization strategies for Staphylococcus
aureus had already been evaluated and showed a reduced
postoperative infection rate, mainly in patients having cardiac
and orthopaedic surgery with substantial long-term effects
and significant reduction of the mortality rate 1 year after surgery
[4–9].

The aim of this study was to evaluate the impact of a preoper-
ative nasopharyngeal screening and selective decolonization
strategy for S. aureus on postoperative morbidity following lung

cancer surgery, with the hypothesis that this screening and selec-
tive preventive treatment may reduce postoperative infectious
and respiratory morbidity.

MATERIALS AND METHODS

Patients and study design

This study was approved by the ethics review board of the
French Society of Thoracic and Cardio-Vascular Surgery (CERC-
SFCTCV-2018-5-8-7-7-40-FoAl). We conducted a retrospective
study comparing 2 cohorts of patients undergoing major lung re-
section: (i) a multicentre control group obtained from a placebo
group of the chlorhexidine study (Clinicaltrial.gov, number
NCT01613365) [3]. In this group, the patients were operated on
between July 2012 and April 2015 for lung cancer without any
preoperative nasal screening. They received systematic nasopha-
ryngeal decontamination based on a placebo with no antimicro-
bial activities (N = 224); (ii) a single-centre experimental group,
comprising consecutive patients operated on for lung cancer be-
tween January 2017 and December 2017 (N = 310). In this group,
all the patients were screened preoperatively with bilateral nasal
swabs to determine if they were nasal carriers of S. aureus. If the
result of the test was positive for S. aureus, the patient received a
5-day decolonization regimen with a mupirocin ointment. This
single centre was also part of the chlorhexidine study.

Treatment or placebo used in the study

In the control group [3], systematic oropharyngeal decontamina-
tion with a placebo consisted of an oral rinse kept in contact
with the mouth, pharynx, teeth and gingiva for at least 30 s and
nasopharyngeal decontamination via the application of the pla-
cebo to both nostrils using a cotton swab, for at least 30 s. These
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decontamination procedures were performed 4 times a day with
a placebo on the day before surgery, the day of surgery and the
day following surgery. The placebo had no antimicrobial activity.

In the experimental group, preoperative screening of the S. au-
reus nasal carriers was performed at the outpatient clinic the day
of the consultation with the surgeon. A trained nursing staff col-
lected the nasal swabs (Slidex Staph Plus, bioMérieux, Marcy-
l’Étoile, France) for microbiological cultures. Nasal decolonization
using mupirocin 2% ointment was performed in patients who
were nasal carriers of S. aureus. This decontamination was per-
formed by applying mupirocin 2% ointment to the nose twice a
day, 5 days before surgery. The procedure used in the experi-
mental group was performed prospectively and routinely accord-
ing to the guidelines of our local infection control committee. All
patients in the experimental group agreed to be part of the pro-
spective Epithor database as anonymous participants.

Propensity match score

To enhance the comparability and reduce the bias between the 2
groups, a propensity score analysis with 1:1 matching was per-
formed among the included patients (nearest neighbour tech-
nique). The propensity score was built using preoperative variables
(age, sex comorbidities, clinical staging of tumours, nodes and me-
tastases and lung function test results) and intraoperative variables
[extent of surgical resection, surgical approach (open vs video-
assisted thoracoscopic surgery, VATS) and operative time].

All the included patients were initially scheduled to have lung
cancer surgery after the multidisciplinary meeting, suggesting surgi-
cal resection with systematic lymph node dissection as the most
effective treatment option with curative intent for known or sus-
pected early stage non-small-cell lung cancer or lung metastases.
Intraoperative prophylactic antibiotic therapy was administered
and standardized according to the national guidelines issued by the
French Society of Anaesthesiologists and Intensive Care Medicine.
The antibiotic prophylaxis was similar between the 2 groups (intra-
venous amoxicillin/clavulanate, 2 g, 30 min before the incision).

Primary and secondary outcomes

The primary outcomes were the rate of total postoperative HAIs
including (i) respiratory HAIs (pneumonia and tracheobronchitis),
(ii) non-respiratory HAIs (bacteraemia, urinary tract infection and

surgical-site infection) and (iii) the rate of S. aureus-associated in-
fection. The definitions of both infections are provided in the
Supplementary Material (Definition of healthcare-associated in-
fection (HAI) section). The secondary outcome was the propor-
tion of patients requiring postoperative mechanical ventilation,
either invasive (through orotracheal intubation) or non-invasive
(bilevel positive pressure ventilation without intubation), after
lung resection.

Statistical analyses

Patient continuous characteristics were expressed as the mean-
± standard deviation, and dichotomous characteristics were
expressed as frequency and percentage. Intergroup differences in
the primary and secondary outcomes were obtained using the
Pearson’s v2 test and the Fisher’s exact test, according to the num-
ber of events. The threshold for statistical significance was P-value
<_0.05. A logistic regression was performed using univariable (thresh-
old P <_ 0.20) and multivariable analyses to determine risk factors for
postoperative mechanical ventilation and postoperative HAIs. Data
were analysed using SPSS 20.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Patients

A total of 573 patients were enrolled in this study: 236 in the
control group and 337 in the experimental group. Thirty-nine
patients were excluded: 12 from the control group and 27 from
the experimental group. Reasons for exclusion are summarized in
Fig. 1. Before matching, 534 patients were included: 224 in the
control group and 310 in the experimental group.

Among the 310 patients in the experimental group, 65 (21%)
had positive results for nasal carriage of S. aureus. All patients
who had positive results for nasal carriage of S. aureus were
treated with mupirocin 2%; 245 were negative for nasal carriage
of S. aureus. After matching, we obtained 2 matched groups of
108 patients. Among the 108 patients matched in the experimen-
tal group, 26 had positive results for nasal carriage of S. aureus
(24%), including 7 patients with methicillin-resistant S. aureus.
Characteristics of the patients’ preoperative variables are summa-
rized in Table 1. Patients in the experimental group had a lower

Figure 1: Flow chart.
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body mass index, a lower rate of preoperative asthma and coro-
nary artery disease comorbidities and worse lung function test
results. No intergroup differences in preoperative or periopera-
tive variables were observed after propensity score matching be-
tween the 2 groups (Tables 2 and 3).

Primary outcome

Results of primary and secondary outcomes before matching are
presented in the Supplementary Material. After propensity score
analysis with 1:1 matching, we observed a significant decrease in
the rate of postoperative total HAIs in the experimental group
[control group n = 19, 17.6%; experimental group n = 9, 8.3%;
P = 0.043; relative risk 0.47 (0.22–1)]. Results are summarized in
Table 4. When we studied the issue specifically, we observed a
trend towards a decreased rate of respiratory HAI (control group
n = 13, 12%; experimental group n = 6, 5.6%; P = 0.093) and a de-
creased rate of non-respiratory HAI (control group n = 11, 10.2%;
experimental group n = 4, 3.7%; P = 0.061). A highly sensible de-
crease was noted in the postoperative bacteraemia rate in the ex-
perimental group (control group n = 8, 7.4%; experimental group
n = 0, 0%; P = 0.007). The rate of S. aureus-associated infection

decreased in the experimental group, but there was no significant
statistical difference between the 2 groups (control group n = 6,
5.6%; experimental group n = 2, 1.9%; P = 0.28). There was no sig-
nificant difference in the postoperative 90-day mortality rate be-
tween the 2 groups (control group n = 4, 3.7%; experimental
group n = 0, 0%; P = 0.12).

Secondary outcomes

After propensity score analysis with 1:1 matching, we observed a
significantly decreased rate of postoperative mechanical ventila-
tion in the experimental group [control group n = 12, 11.1%; ex-
perimental group n = 4, 3.7%; P = 0.038; risk ratio 0.33 (0.11–1)].
This decreased rate of postoperative mechanical ventilation was
statistically significant for both invasive and non-invasive ventila-
tion (Table 4).

Risk factors of postoperative health care-associated
infections

After logistic regression and multivariable analysis of the propen-
sity 1:1 matched population, risk factors for postoperative HAI

Table 1: Baseline characteristics of unmatched patients

Variables Control group Experimental group P-value
(N = 224) (N = 310)

Preoperative clinical status
Age (years), mean (SD) 62.6 (11) 63.5 (12) 0.35
Male gender, n (%) 132 (58.9) 184 (59.4) 0.92
Body mass index (kg/m2), mean (SD) 25.6 (4.2) 21.5 (3.8) <0.001

Pre-existing conditions, n (%)
Asthma 16 (7.1) 3 (1) <0.001
Hypertension 85 (37.9) 96 (31) 0.09
Coronary artery disease 32 (14.3) 26 (8.4) 0.03
Arrhythmia 13 (5.8) 16 (5.2) 0.75
Diabetes mellitus 30 (13.3) 39 (12.6) 0.78

Lung function tests, mean (SD)
FEV1 (% of predicted) 89.1 (20) 80.5 (21.4) <0.001
DLCO (% of predicted) 70 (21) 58.1 (15.9) <0.001

DLCO: diffusing capacity of the lung for carbon monoxide; FEV1: forced expiratory volume in 1s; SD: standard deviation.

Table 2: Baseline characteristics of matched patients

Variables Control group Experimental group P-value
(N = 108) (N = 108)

Preoperative clinical status
Age (years), mean (SD) 62 (12.3) 62.5 (12.3) 0.75
Male gender, n (%) 66 (61.1) 68 (63) 0.78
Body mass index (kg/m2), mean (SD) 25.8 (19) 24.2 (3.6) 0.38

Pre-existing conditions, n (%)
Asthma 4 (3.7) 2 (1.9) 0.68
Hypertension 40 (37) 36 (33.3) 0.57
Coronary artery disease 15 (13.9) 13 (12) 0.69
Arrhythmia 4 (3.7) 3 (2.8) 1
Diabetes mellitus 13 (12) 11 (10.2) 0.67

Lung function tests, mean (SD)
FEV1 (% of predicted) 86.6 (20.6) 83.6 (20.5) 0.29
DLCO (% of predicted) 67.1 (18.9) 63.2 (14.8) 0.13

DLCO: diffusing capacity of the lung for carbon monoxide; FEV1: forced expiratory volume in 1s; SD: standard deviation.
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following surgical lung resection were assessed and are summa-
rized in Table 5. Not being screened for nasopharyngeal S. aureus
carriage appeared to be a risk factor compared to screening [for
screened group, odds ratio (OR) 0.29, 95% confidence interval
(CI) 0.11–0.76; P = 0.01]; the open thoracotomy approach (OR
3.98, 95% CI 1.45–10.94; P = 0.007) was a risk factor compared to
VATS and to a history of arterial hypertension (OR 4.075, 95% CI
1.56–10.65; P = 0.004).

After logistic regression and multivariable analysis of the pro-
pensity 1:1 matched population, risk factors for postoperative
mechanical ventilation following surgical lung resection were
assessed and are summarized in Table 6. Not being screened for
nasopharyngeal S. aureus carriage appeared to be a risk factor
compared to screening and selective decontamination (for the
screened group, OR 0.19, 95% CI 0.05–0.74; P = 0.02), as did the
extent of surgical resection (for wedge, OR 16.86, 95% CI 1.04–
273.61; P = 0.05; for bilobectomy, OR 20.15, 95% CI 1.71–237.26;

P = 0.02) when compared to lobectomy. An increased preopera-
tive forced expiratory volume in 1s (OR 0.97, 95% CI 0.94–0.99;
P = 0.01) was a protective risk factor for postoperative mechanical
ventilation.

DISCUSSION

Implementation of nasopharyngeal screening for S. aureus with a
selective decontamination strategy using mupirocin 2% appeared
to be associated with a two-fold lower postoperative HAIs rate
and an almost one-third less risk of the need for mechanical ven-
tilation postoperatively following lung resection surgery.

In the field of cardiovascular surgery, several studies have sug-
gested the hypothesis of an association between oral and nasal
carriage of microorganisms and postoperative HAIs, showing
the effectiveness of oropharyngeal and/or nasopharyngeal

Table 4: Primary and secondary outcomes of matched patients

Variables Control group Experimental group Relative risk (95% CI) P-value
(N = 108) (N = 108)

Primary outcomes, n (%)
Total health care-associated infections 19 (17.6) 9 (8.3) 0.47 (0.22–1) 0.043
Respiratory health care-associated infections 13 (12) 6 (5.6) 0.093

Acute tracheobronchitis 3 (2.8) 1 (0.9) 0.62
Pneumonia 10 (9.3) 5 (4.6) 0.18

Non-respiratory health care-associated infections 11 (10.2) 4 (3.7) 0.061
Bacteraemia 8 (7.4) 0 (0) 0.007
Urinary tract infection 5 (4.6) 1 (0.9) 0.21
Surgical-site infection 2 (1.9) 3 (2.8) 1

Staphylococcus-associated infection 6 (5.6) 2 (1.9) 0.28
Secondary outcomes, n (%)

Postoperative mechanical ventilation 12 (11.1) 4 (3.7) 0.33 (0.11–1) 0.038
Non-invasive ventilation 12 (11.1) 4 (3.7) 0.038
Invasive ventilation 5 (4.6) 0 (0) 0.038

CI: confidence interval.

Table 3: Surgical data and pathological diagnosis of matched patients

Variables Control group Experimental group P-value
(N = 108) (N = 108)

Surgical data
Surgery on the right side, n (%) 64 (59.3) 65 (60.2) 1
Type of resection, n (%) 0.92

No resection (biopsy) 1 (0.9) 3 (2.8) 0.62
Anatomical segmentectomy 8 (7.4) 7 (6.5) 0.79
Non-anatomical segmentectomy 7 (6.5) 9 (8.3) 0.60
Lobectomy 84 (77.8) 82 (75.9) 0.75
Bilobectomy 2 (1.9) 2 (1.9) 1
Pneumonectomy 6 (5.6) 5 (4.6) 0.76

Surgical approach, n (%) 0.46
Mediastinoscopy without resection 0 (0) 1 (0.9) 1
Thoracotomy 61 (56.5) 55 (50.9) 0.49
Full VATS 47 (43.5) 52 (48.1) 0.45

Operative time (min), mean (SD) 124.2 (42.6) 133.7 (52.9) 0.14
Pathological diagnosis, n (%) 0.85

Primary lung cancer 83 (76.9) 86 (79.6) 0.62
Lung metastasis 16 (14.8) 15 (13.9) 0.85
Non-malignant 9 (8.3) 7 (6.5) 0.60

SD: standard deviation; VATS: video-assisted thoracoscopic surgery.
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decontamination strategies, using either chlorhexidine gluconate
[10–14] or mupirocin [4, 6–9]. Furthermore, preoperative screen-
ing and a selective decolonization strategy not only prevent S.
aureus surgical-site infections but also reduce the 1-year mortal-
ity rate in surgical patients undergoing clean procedures and
elective cardiac surgery [8]. However, postoperative infections in
lung resection surgery differ from postoperative infections in car-
diovascular surgery, probably due to the inherent effects of tho-
racic surgery itself on the chest. A recent prospective randomized
controlled double-blind trial showed that perioperative oropha-
ryngeal and nasopharyngeal decontamination with chlorhexidine
gluconate did not decrease the rate of respiratory HAI or the
need for mechanical ventilation after lung cancer surgery; how-
ever, bacteraemia, surgical-site infections and non-respiratory
Staphylococcus infections were significantly less common after
decontamination [3].

To date, this is the first report on an evaluation of the impact
on postoperative morbidity following lung cancer surgery of a
preoperative nasopharyngeal screening and selective decoloniza-
tion strategy for S. aureus using mupirocin. Used as a topical anti-
biotic, mupirocin is effective against a broad spectrum of Gram-
positive bacteria, including both methicillin-susceptible and
methicillin-resistant strains of S. aureus; use of the nasopharyn-
geal ointment leads to a noticeable decrease in the nasal carriage
of S. aureus for up to 1 year after the initial 5-day course of treat-
ment [15]. Tolerance of the mupirocin nasal ointment is usually
good without major side effects, although nasal pruritus and dry-
ness have been reported to be more frequent than with a pla-
cebo ointment [15]. In the experimental group, only 6 patients
out of 337 (1.8%) refused or did not complete the treatment. To
achieve a preventive treatment for 5 days, a single tube of mupir-
ocin 2% (3 g) is generally sufficient, at a total cost of treatment of
about 6 euros and a daily cost of treatment of around 1.20 euros,
which is easily affordable.

In this study, a multivariate analysis of risk factors showed that
patients with a history of hypertension may be at higher risk of

postoperative HAIs. It is difficult to draw a causal link between
hypertension and postoperative HAIs, and we hypothesized that
it may be a confounding factor. However, it is more understand-
able that a minimally invasive approach such as VATS may be as-
sociated with fewer postoperative HAIs following lung cancer
surgery compared to open thoracotomy, although there is no
strong evidence in the literature [16]. Patients with a medical his-
tory of hypertension and lower preoperative forced expiratory
volume in 1 s were also at higher risk of respiratory failure requir-
ing postoperative mechanical ventilation.

Limitations

The main limitations of the study are its retrospective design and
the comparison of 2 separate cohorts. However, despite its retro-
spective design, the use of a control group from the placebo arm
of a randomized controlled trial and the use of an experimental
group from a prospective indexed database ensure the accuracy
of the patients’ data. Moreover, a propensity score analysis with
1:1 matching was performed using preoperative and intraopera-
tive variables to enhance comparability between the 2 groups
and to avoid any bias. The third limitation is the absence of a sys-
tematic assessment of side effects, although no major complica-
tion was reported in our experience with mupirocin 2%
ointment. A fourth limitation is the postoperative ventilation, be-
cause the use of high-flow nasal oxygen was not assessed in ei-
ther of the 2 groups. A fifth limitation is as the fact that S. aureus-
related HAIs are decreased in the experimental group but not
significantly (5.6% vs 1.9%; P = 0.28). This finding could probably
be explained as follows: first, a lack of power due to negative bio-
logical/bacteriological samples in both groups (especially respira-
tory tract samples) and second, the fact that mupirocin is
effective against a broad spectrum of Gram-positive bacteria in-
cluding other Staphylococcus and Streptococcus pyogenes, which
could explain the reduction of HAIs not related to S. aureus. A fi-
nal limitation is related to the collection of data, with a

Table 6: Risk factors for postoperative mechanical ventilation: multivariate analysis

Risk factors Odds ratio 95% CI P-value

Hypertension 3.43 0.99–11.80 0.05
Preoperative FEV1 0.97 0.94–0.99 0.01
Bilobectomy (vs lobectomy) 20.15 1.71–237.3 0.02
Thoracotomy (vs VATS) 2.14 0.56–8.18 0.27
Nasal screening for Staphylococcus aureus 0.19 0.05–0.74 0.02

CI: confidence interval; FEV1: forced expiratory volume in 1s; VATS: video-assisted thoracoscopic surgery.

Table 5: Risk factors for postoperative health care-associated infections: multivariate analysis

Risk factors Odds ratio 95% CI P-value

Hypertension 4.08 1.56–10.65 0.004
Asthma 8.88 0.67–117.4 0.10
Age 1.04 0.99–1.08 0.11
Thoracotomy (vs VATS) 3.98 1.45–10.94 0.007
Nasal screening of Staphylococcus aureus 0.29 0.11–0.76 0.01

CI: confidence interval; VATS: video-assisted thoracoscopic surgery.
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systematic prospective report of all data in the control group and
a declarative prospective report of data in the experimental
group (Epithor database).

The main strength of the study lies in the determination to
make the 2 groups comparable using propensity score analysis
with 1:1 matching over several variables, which enabled us to
evaluate specifically the association between the nasopharyngeal
screening for S. aureus with a selective decontamination strategy
using mupirocin 2% and postoperative infectious and respiratory
morbidity. The second strength of the report is the assessment of
dichotomous variable outcomes. Indeed, choosing postoperative
mechanical ventilation as a secondary outcome seems relevant,
because it is an objective criterion and a pertinent clinical marker
of respiratory failure.

CONCLUSION

In conclusion, implementation of nasopharyngeal screening for S.
aureus and the selective decontamination strategy using mupiro-
cin 2% appeared to be associated with a significant decrease in
the rate of postoperative HAIs and in the postoperative need for
mechanical ventilation following lung resection surgery. These
findings should be further evaluated through a prospective study
to confirm the usefulness of this selective decontamination strat-
egy and to recommend, as a standard of care, this preventive
treatment in the preoperative course for lung cancer surgery.
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