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Background: Although postoperative pneumonia after radical surgery for non-small cell lung cancer
(NSCLC) carries a mortality risk, the duration of postoperative prophylactic antibiotics against pneumonia
has not been elucidated. This study aimed to evaluate the influence of the duration of prophylactic
antibiotics on postoperative pneumonia following radical surgery for NSCLC in patients who received
antibiotics intraoperatively (short period) and in those who received antibiotics both intraoperatively and
postoperatively (long period).

Methods: A total of 477 patients who underwent radical lobectomy for NSCLC were analyzed
retrospectively. Propensity score analysis generated two matched pairs of 152 patients in both the short and
long period groups.

Results: After propensity score matching, the incidence of postoperative pneumonia following pulmonary
lobectomy was significantly less in the long period group than in the short period group (3.9% wvs. 16.4%,
P<0.001). On logistic regression analysis, short period of prophylactic antibiotic administration was the
independent risk factor for postoperative pneumonia (odds ratio: 6.82, P<0.001).

Conclusions: Prophylactic antibiotic administration in both the intraoperative and postoperative periods

reduced the incidence of pneumonia after pulmonary lobectomy for NSCLC.
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Introduction

Although opportunities for radical surgery for non-small
cell lung cancer (NSCLC) have increased in recent years,
improvements in perioperative management, in addition
to minimally invasive surgery, is important in order to
improve the surgical outcome. Postoperative infectious
complications include surgical site infection (SSI) and
postoperative pneumonia, which is classified as a remote
organ infection. Postoperative pneumonia after pulmonary
resection occasionally becomes severe and may result

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

in mortality in 12.6% of cases (1); in fact, it is the most
frequent infectious disease cause of death after pulmonary
resection. Therefore, overcoming postoperative pneumonia
after pulmonary resection is extremely important to
improve surgical outcome.

The usefulness of prophylactic antibiotic administration
in the field of pulmonary surgery has been reported in the
1970s (2). According to that prospective comparison study
between cefazolin and placebo, prophylactic antibiotics

reduced the incidence of wound infection and reduced the
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incidence of postoperative empyema. Although reduction
in the incidence of wound infection was reconfirmed by
the subsequent clinical trials, the factors contributing to
the reduction in the incidence of postoperative pneumonia
were not clear (3-5). Therefore, the effect of perioperative
prophylactic antibiotic administration according to the
current guidelines is limited to SSIs, and the period of
administration of prophylactic antibiotics may be different
between SSI and postoperative pneumonia.

The duration of postoperative prophylactic antibiotics
administration recommended by several guidelines, including
the Center for Disease Control and Prevention (CDC)
guideline, were based on evidence from SSI cases (6).
From the viewpoint of the drug resistance, minimizing
postoperative prophylactic antibiotic administration is
desired. However, the appropriate period of prophylactic
antibiotic administration for postoperative pneumonia
has yet to be elucidated. This study aimed to evaluate the
influence of the duration of prophylactic antibiotics on
postoperative pneumonia following pulmonary lobectomy for
NSCLC in patients who received antibiotics intraoperatively
(short period) and in those who received antibiotics both
intraoperatively and postoperatively (long period).

Methods
Patient selection

This retrospective cohort study reviewed the medical
records of all patients who underwent radical lobectomy
for NSCLC between January 2014 and June 2018 at Iwate
Medical University Department of Thoracic Surgery.
This study was approved by the Iwate Medical University
institutional review board. Comprehensive informed
consent was obtained for this retrospective medical record
review (permit number: MH2018-565).

At our institute, the surgical indications for complete
video-assisted thoracoscopic surgery (VATS) comprise the
concept of a thoracoscopically resectable lesion, covering
almost 90% of surgical patients with NSCLC. Patients
received preoperative chemotherapy or radiation, cases
of pneumonectomy, bilobectomy, sublobar resection, and
concomitant resection with the thoracic chest wall were
excluded. All patients were given complete preoperative
pulmonary evaluation, including blood tests (i.e., albumin,
etc.) 2 days before surgery. The patients with chronic
obstructive pulmonary disease (COPD) were instructed to
continue their inhaled medications preoperatively. In all
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patients, smoking was stopped for at least 8 weeks before
surgery. Routine sputum culture monitoring has not
performed before surgery and intraoperatively.

Prolonged air leak was defined as air leakage lasting
7 days or more (7). The definition of postoperative
pneumonia in this study was based on a previous report (8).
Briefly, it was defined as Clavien-Dindo classification
grade II or higher and the presence of (I) abnormal
radiographic findings (i.e., new or changing radiographic
infiltrates that persisted after physiotherapy); (II) fever
greater than 38 °C; and (III) one of the following criteria:
a new rise in C-reactive protein or white blood cell count
(WBC, >10,000/dL) over the last 24 hours or an increase
and change in the sputum, possibly with purulence. If
atelectasis and one of the above conditions were combined,
it was classified as pneumonia. Patients with acute
exacerbation of interstitial pneumonia were excluded.
Finally, 477 patients met the selection criteria.

Pulmonary function testing

At our institute, pulmonary function was tested using
a spirometer (CHESTAC 8800, CHEST M. I. Inc.,
Tokyo, Japan), according to American Thoracic Society
standards (9). The vital capacity (VC), forced expiratory
volume in 1 second (FEV)), and diffusing capacity for
carbon monoxide (D, o) were measured preoperatively
within 1 month before surgery. The percent predicted D ¢
(% Dy co) was calculated by Burrows formula (10). Predicted
postoperative pulmonary function was calculated according
to the formula described in a previous report (11), based on
the number of segments that remained after surgery. The
number of pulmonary segments considered was 5 for right
lower lobe, 3 for the right upper lobe, 2 for the right middle
lobe, and 4 for the left upper and lower lobe. Each segment
was considered to represent 1/19 of the preoperative
function.

Preoperative management

Preoperative inspiratory exercise was performed in all
patients with the use of incentive spirometer (Iri-ball Z,
Medtronic, Minneapolis, MN, USA) which consists of
three chambers and small balls within the chambers that
can be raised by inhalation, that started at least 2 weeks
before surgery, and continued after surgery until discharge.
The training was performed almost 4 times a day with a set
of 20 breaths, briefly the patients were instructed to take
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slow maximal inspirations and to hold each breath for as
long as possible. During the preoperative hospitalization,
the patients were trained to master adequate breathing and
coughing techniques, instructed on incentive respiratory
exercise again, and practiced peripheral muscle exercise
training under physiotherapist supervision.

Surgical procedures

Pulmonary lobectomy was performed under general
anesthesia with a double-lumen endotracheal tube for single
lung ventilation. The affected lung was deflated as soon as
the pleural space was opened, and deflation was maintained
throughout most of the operative period. The fraction of
inspired oxygen (FiO,) during surgery ranged from 0.3 to
1.0, based on intraoperative blood gas analysis evaluation.
The open method was performed via posterolateral
thoracotomy (6-12-cm long), dividing portions of the
latissimus dorsi and anterior serratus muscles. Complete
VATS lobectomy was performed via three ports with
monitor vision only. Complete and systematic hilar and
mediastinal lymph node dissection was performed in all
cases. After completing the procedure, sealing test was
performed before wound closure and was confirmed during
reinflation of the affected lung. A chest tube (Blake®,
19 Fr, Ethicon, Somerville, NJ, USA) was placed from the
Sth intercostal trocar placed to the apex.

Administration of prophylactic antibiotics

At our institute, prophylactic antibiotics were administered
intraoperatively and postoperatively up to March 2017.
Briefly, all patients received cefazolin at a dosage of 1 g
intravenously after induction of general anesthesia, prior to
skin incision. After surgery, prophylactic antibiotics were
administered intravenously at a dosage of 1 g on the surgical
day at ICU, and then twice a day until 72 hours after
surgery (long period group, n=309). From April 2017, based
on our institute’s protocol on the proper use of antibiotics,
prophylactic antibiotic administration was limited to
intraoperative dose only, that is, prior to skin incision and at
3 hours after starting surgery (short period group, n=168).
In this study period, there were no patients suspected to
have allergy against cefazolin.

Postoperative management

C-reactive protein and WBC were measured on postoperative
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days 0, 1, 2, 4, and 6 or 7. A chest X-ray was obtained
daily. The chest tube was suctioned at -5 cmH,O on the
morning of postoperative day 1. The criteria for chest tube
removal were: absence of air leakage through the chest
tube at the time of evaluation; pleural fluid drainage less
than 200 mL/24 hours; and the absence of pneumothorax
on postoperative chest X-ray. On the morning after chest
tube removal, a chest X-ray was performed to rule out the
occurrence of pneumothorax. Postoperative pulmonary
rehabilitation was started as early as postoperative
day 1 in all patients. Briefly, diaphragmatic breathing
exercises, peripheral circulation exercises, and exercises
for chest expansion and shoulder girdle mobilization were
introduced. Inspiratory exercise with the use of incentive
spirometer was also continued. The day after removing
chest drain, peripheral muscle exercise training including
a cycle ergometer was performed under physiotherapist
supervision. The patients themselves continued the
training involving breathing and coughing techniques until
discharge.

Routine postoperative pain management was performed
in all patients of both groups. Briefly, oral analgesia
was started 6 hours after surgery and typically included
60 mg loxoprofen 3 times per day, sometimes with 25 mg
diclofenac suppository 1 to 2 times per day, as needed. The
patients were discharged if there were no complications
during the postoperative period. Our institutional standard
protocol was to follow up all patients every 3 to 6 months
after surgery for 5 years.

Statistical analysis

JMP 12.2.0 (SAS Institute, Cary, NC, USA) statistical
software was used for statistical analysis. Groups were
compared using the Pearson chi-square test or Wilcoxon’s
rank sum test. To control for potential differences in the
preoperative characteristics of the patients in the two
groups, a propensity score matching method was used. The
propensity scores were generated using logistic regression,
based on clinically relevant preoperative variables, such as
age, gender, body mass index (BMI), pack years smoked
(Brinkman index), presence of COPD (FEV, <70%),
presence of usual interstitial pneumonia (UIP) on
preoperative chest computed tomography (CT), history of
steroid therapy, cerebrovascular disease, diabetes mellitus,
tumor size, and surgical approach. There variables were
considered possible confounders because of their potential
association with postoperative pneumonia, based on clinical
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Patients underwent radical surgery for lung cancer
Between January 2014 and June 2018 (n=533)

Exclusion:

Induction therapy (n=2)
Pneumonectomy (n=17)
Bilobectomy (n=15)
Segmentectomy (n=22)

\4

\4
Eligible patients underwent lobectomy (n=477)
<+ Short period (n=168)
< Long period (n=309)

\ 4

Propensity score matching

Un-matched (n=173)
« Short period (n=16)
< Long period (n=157)

Y

\
Matched (n=304)

« Short period (n=152)
« Long period (n=152)

Figure 1 Diagram of patient selection.

knowledge. Patients were matched 1:1 by nearest neighbor
matching (caliper width: 0.2) without replacement.
Comparisons between the matched groups were performed
with McNemar’s test for categorical variables and
paired #-test or Wilcoxon’s sign rank test for continuous
variables, appropriately. The standardized difference was
used to measure covariate balance, whereby an absolute
standardized difference above 0.1 represented a meaningful
imbalance.

The multivariate predictors were evaluated using logistic
regression analysis, and the odds ratios (ORs) and 95%
confidence intervals (Cls) were estimated. On logistic
regression analysis, the conventional receiver operating
characteristic (ROC) curve was used to determine the cut-
off value of each variable that gave the maximal sensitivity
and specificity on predicting postoperative pneumonia.
Differences between groups were considered significant
at P<0.05. The continuous data were expressed as mean =
standard deviation. Categorical data were expressed as
counts and proportions.

Results

On retrospective review, 533 patients underwent radical
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surgery for NSCLC during the study period. After exclusion
(Figure 1), a total of 477 patients (168 patients in the short
period group and 309 patients in the long period group)
were enrolled in this study. The clinical characteristics of
the study population are summarized in Table 1. There was
no significant difference between both groups in terms of
age, gender, BMI, Brinkman index, and the incidence of
COPD and diabetes mellitus. Compared with the short
period group, the long period group had significantly low
population of patients with steroid treatment history (5.8%
vs. 21.4%, P<0.001) and coexistence of cerebrovascular
disease (8.1% wvs. 20.2%, P<0.001).

Table 2 shows the patients’ background during the
perioperative period. There was no significant difference
between both groups in terms of SSI rate (P=0.661).
Compared with the short period group, the long period
group had significantly shorter operation time (255.5+70.1
vs. 273.9£66.5 minutes, P=0.001) and significantly lower
rate of postoperative pneumonia (4.5% vs. 17.3%, P<0.001).
Propensity score analysis generated two well-matched pairs
of 152 patients (Tubles 3,4); 90.5% (152/168) in the short
period group and 49.2% (152/309) in the long period group
were matched. After matching, there were no significant
differences between both groups in terms of all preoperative
variables, such as age, gender, BMI, Brinkman index, and
history of underlying disease, as well as in the perioperative
variables, such as tumor size, lymph node metastasis,
operation time, postoperative stay, serum albumin level, and
predicted postoperative pulmonary function. The balance
of each sample size was assessed by standardized differences,
and its values for the preoperative and perioperative
variables were almost under 0.1. The long period group
remained to have a significantly lower rate of postoperative
pneumonia, compared with that of the short period group
(3.9% vs. 16.4%, P<0.001).

The results of the multivariate analysis of the
independent predictors of postoperative pneumonia
are shown in Table 5. Short period administration of
prophylactic antibiotics was an independent factor related
to postoperative pneumonia in the matched patients (OR
6.82, P<0.001).

Discussion

This study evaluated the influence of the duration of
prophylactic antibiotic administration in patients who
underwent surgery for NSCLC. Propensity score analysis
generated two matched pairs of 152 patients in both
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Table 1 Clinical background of all patients who underwent pulmonary lobectomy for NSCLC

All patients
Variables P value
Short period (n=168) Long period (n=309)
Age (years) 69.8+9.8 69.8+8.7 0.444
Gender, n (%) 0.563
Male 96 (57.1) 185 (59.9)
Female 72 (42.9) 124 (40.1)
BMI (kg/m?) 23.1+3.4 23.04+3.3 0.589
Brinkman index 519.3+580.3 528.9+590.2 0.734
Underlying disease, n (%)
COPD 50 (29.8) 81 (26.2) 0.397
Interstitial pneumonia 34 (20.2) 25 (8.1) <0.001*
Steroid therapy 36 (21.4) 18 (5.8) <0.001*
Cerebrovascular disease 20 (11.9) 34 (11.0) 0.767
Diabetes mellitus 39 (23.2) 68 (22.0) 0.763
Albumin (g/dL) 4.2+0.4 4.3+0.3 0.007*
Postoperative predicted value
Predicted VC (mL) 2,525.3+683.0 2,494.0+648.8 0.466
Predicted FEV; (mL) 1,812.6+457.0 1,817.8+494.0 0.961
Predicted %D, ¢ (%) 91.0+£25.1 90.8+25.5 0.906

*, P<0.05 vs. short period group. NSCLC, non-small cell lung cancer; COPD, chronic obstructive pulmonary disease; VC, vital capacity;
FEV,, forced expiratory volume in 1 second; %D, o, the percent predicted D, ¢o; D o, diffusing capacity for carbon monoxide.

the short and long period groups, and the incidence of
postoperative pneumonia was significantly less in the long
period group. Logistic regression analysis demonstrated
that short period of prophylactic antibiotic administration
was an independent risk factor for pneumonia after
pulmonary lobectomy. This result indicated that long
period of prophylactic antibiotic administration reduced the
rate of postoperative pneumonia after pulmonary lobectomy
for NSCLC.

Evidence on prophylactic antibiotic administration
immediately before and during surgery had been based
on wound infection experiments (12). According to this
report, the effects of antibiotics last for only 3 to 4 hours
after wound exposure to bacteria. Moreover, administrating
antibiotics 48 hours after wound closure seemed to be of no
use. Therefore, the CDC guideline recommended a method
that can maintain effective blood and tissue concentration
of antibiotics during surgery. Since then, perioperative
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prophylactic antibiotic administration for the prevention of
SSI had been undertaken and standardized (6). In particular,
pulmonary lobectomy for lung cancer with bronchial
opening was classified as semi-clean surgery, for which first
generation cephalosporin or sulbactam/ampicillin is the
first choice for infection prevention (13-15). The first dose
should be administered 30 minutes before the skin incision,
in order to achieve an effective blood concentration at the
time of surgery; additional administration should be made
after 3 hours to maintain the effective intraoperative blood
concentration of antibiotics, and it can be administered only
on the day of surgery if there is no symptom of infection
(16,17). Postoperative pneumonia is classified as a remote
organ infection, rather than an SSI. In a previous report
on the use of broad-spectrum penicillin as a prophylactic
antibiotic in patients who underwent pulmonary lobectomy,
postoperative pneumonia developed in 8.7% (18). This
rate was almost consistent with our 9.0% incidence of
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Table 2 Clinical background of all patients who underwent pulmonary lobectomy for NSCLC on perioperative period

All patients
Variables P value
Short period (n=168) Long period (n=309)
Procedure, n (%) 0.134
RUL 59 (35.1) 88 (28.5)
RML 10 (6.0) 21(6.8)
RLL 37 (22.0) 83 (26.9)
LUL 32 (19.0) 69 (22.3)
LLL 30(17.9) 48 (15.5)
Approach, n (%) 0.071*
c-VATS 143 (85.1) 280 (90.6)
Open thoracotomy 25 (14.9) 29 (9.4)
Histology, n (%) 0.410
Adenocarcinoma 122 (72.6) 235 (76.1)
Squamous cell carcinoma 36 (21.4) 44 (14.2)
Others 10 (6.0) 30(9.7)
Tumor size (mm) 29.9+17.4 28.3+16.8 0.181
Lymph node metastasis, n (%) 0.483
NO 132 (78.6) 234 (75.7)
N1 15 (8.9) 25(8.1)
N2 21 (12.5) 50 (16.2)
Operation time (min) 273.9+66.5 255.5+70.1 0.001*
Blood loss (g) 50.5+63.8 50.3+61.2 0.537
Period of chest tube placement (days) 4.8+2.0 5.2+3.5 0.235
Post-operative stay (days) 10.4+6.5 11.1£11.2 0.176
Postoperative complications, n (%)
Surgical site infection 1(0.6) 1(0.3) 0.661
Prolonged air leakage 2(1.2) 8 (2.6) 0.309
Postoperative pneumonia 29 (17.3) 14 (4.5) <0.001*

*, P<0.05 vs. short period group. NSCLC, non-small cell lung cancer; RUL, right upper lobe; RML, right middle lobe; RLL, right left lobe;
LUL, left upper lobe; LLL, left lower lobe; c-VATS, complete video-assisted thoracoscopic surgery.

postoperative pneumonia in all eligible patients. Similar
to the other studies, this study showed that postoperative
pneumonia was more frequent than SSI, among the
infectious diseases after pulmonary lobectomy in patents
with NSCLC. In both groups in this study, the occurrence
of SSI was under 1%, implying that a short period of
prophylactic antibiotic administration was sufficient for
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SSI. On the other hand, a long period of prophylactic
antibiotic administration was effective for the prevention of
postoperative pneumonia. Adherence to the current practice
guidelines should account for (I) the recommendations for
pulmonary surgery, (II) the existence of a verified clinical
trial, and (IIT) whether the cases focused on SSI alone or
with other complications. Nevertheless, extending the
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After propensity score matching Standardized
Characteristics . P value
Short period (n=152) Long period (n=152) difference
Age (years) 69.9+9.6 69.9+8.8 0.000 0.589
Gender, n (%) 0.040 0.730
Male 86 (56.6) 83 (54.6)
Female 66 (43.4) 69 (45.4)
BMI (kg/m?) 23.1+3.4 23.2+3.2 0.030 0.963
Brinkman index 508.1+594.5 484.8+605.2 0.039 0.748
Underlying disease, n (%)
COPD 44 (28.9) 43 (28.3) 0.013 0.899
Interstitial pneumonia 21 (13.8) 18 (11.8) 0.060 0.608
Steroid therapy 21 (13.8) 18 (11.8) 0.060 0.608
Cerebrovascular disease 18 (11.8) 16 (10.5) 0.041 0.716
Diabetes mellitus 32 (21.1) 35 (23.0) 0.046 0.679
Albumin (g/dL) 4.2+0.4 4.3+0.3 0.283 0.087
Postoperative predicted value
Predicted VC (mL) 2,530.1+694.1 2,428.7+589.8 0.157 0.146
Predicted FEV, (mL) 1,814.6+460.1 1,776.6+453.6 0.083 0.441
Predicted %D, ¢ (%) 92.6+25.1 93.2+29.1 0.022 0.926

COPD, chronic obstructive pulmonary disease; VC, vital capacity; FEV,, forced expiratory volume in 1 second; %D, .o, the percent

predicted D, ¢o; D, o, diffusing capacity for carbon monoxide.

use of prophylactic antibiotics after surgery may cause the
emergence of resistant bacteria; therefore, it should be used
judiciously (19,20).

According to a prospective study, intravenous sulbactam
plus ampicillin was significantly more effective than
cefazolin as a single shot for antibiotic prophylaxis after
pulmonary resection (15). In this study, cefazolin was used
based on evidence from SSI cases, and long period of
administration was shown to be effective for the prevention
of postoperative pneumonia. Based on this study, we
administered cefazolin on the day of surgery, followed
by oral administration of penicillin 2 days after surgery.
In the future, we plan to evaluate the usefulness of oral
administration of penicillin after surgery for postoperative
pneumonia on a large number of cases.

Postoperative pulmonary fistula, particularly a large
fistulous empyema, can complicate pneumonia by aspiration
of pleural effusion. However, this study demonstrated that
prolonged air leakage was not a significant risk factor for
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postoperative pneumonia (OR 2.38, P=0.217). This implied
that the cause of postoperative pneumonia was not from
an external factor but from an internal factor. However,
the details are unknown at the present time, so further
investigation is needed.

In recent years, attention has been drawn on the
importance of prevention of postoperative pulmonary
complications in elderly people. In the elderly, decrease
in VC, increase in residual volume, attenuation of the
cough reflex, reduction of swallowing reflex, etc. were
reported as risk factors for postoperative pneumonia (6,21).
Preoperative pulmonary rehabilitation was also reported
to reduce the incidence of postoperative pulmonary
complications (22). Furthermore, the resident bacteria of
the oral cavity had been noted as a cause of postoperative
pneumonia, and the importance of preoperative oral
care had been emphasized as one of the measures for
postoperative pneumonia prevention (23). Comprehensive
perioperative respiratory care that aims to reduce these
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Table 4 Clinical characteristics of patients on perioperative period after propensity score matching

After propensity score matching Standardized
Characteristics . P value
Short period (n=152) Long period (n=152) difference
Procedure, n (%) 0.142 0.221
RUL 54 (35.5) 44 (28.9)
RML 9 (5.9) 12 (7.9)
RLL 32 (21.1) 39 (25.7)
LUL 29 (19.1) 30 (19.7)
LLL 28 (18.4) 27 (17.8)
Approach, n (%) 0.000 1.000
c-VATS 132 (86.8) 132 (86.8)
open thoracotomy 20 (13.2) 20 (13.2)
Histology, n (%) 0.063 0.594
Adenocarcinoma 117 (77.0) 113 (74.3)
Squamous cell carcinoma 26 (17.1) 24 (15.8)
Others 9 (5.9) 15(9.9)
Tumor size (mm) 29.0+16.8 28.5+16.2 0.030 0.490
Lymph node metastasis, n (%) 0.081 0.480
NO 123 (80.9) 118 (77.6)
N1 12 (7.9) 10 (6.6)
N2 17 (11.2) 24 (15.8)
Operation time (min) 270.4+65.5 260.4+63.7 0.155 0.057
Blood loss (g) 48.0+63.4 47.3+66.5 0.011 0.486
Period of chest tube placement (days) 4.7+2.0 5.1+£3.5 0.140 0.512
Post-operative stay (days) 10.4+6.7 10.7+6.7 0.045 0.105
Postoperative complications, n (%)
Surgical site infection 1(0.7) 1(0.7) 0.000 1.000
Prolonged air leakage 2(1.3) 4 (2.6) 0.094 0.410
Postoperative pneumonia 25 (16.4) 6 (3.9) 0.423 <0.001*

*, P<0.05 vs. short period group. RUL, right upper lobe; RML, right middle lobe; RLL, right left lobe; LUL, left upper lobe; LLL, left lower

lobe; c-VATS, complete video-assisted thoracoscopic surgery.

postoperative pulmonary complications should be further
examined in the future.

Our study had several limitations, including its
retrospective nature and the small number of patients in a
single institute. Also, it is difficult to evaluate postoperative
management according to the background of the era. To
obtain strong conclusions, a randomized study is essential.
Propensity score matching is one of the effective methods
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when, to some extent, prediction is already attached to the
results and a random comparison test is difficult to perform
ethically. Notably, not all of the preoperative differences
between the groups were compensated for by the propensity
score matching, despite efforts to control the possible biases.
Nevertheless, we believe that our findings could contribute
to the improvement of the quality of pulmonary lobectomy
in patients with NSCLC. In addition, we emphasize that
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Table 5 Logistic regression analysis of independent risk predictors for postoperative pneumonia on pulmonary lobectomy in patients with

NSCLC
After propensity score matching

Variable

OR 95% ClI P value
Age (=70 years) 1.46 0.54-4.23 0.456
Gender (male) 6.67 1.60-30.25 0.009*
BMI (=25 kg/m?) 1.77 0.67-5.37 0.259
Brinkman index (=400) 1.46 0.44-5.37 0.546
COPD (presence) 1.18 0.41-3.33 0.753
Interstitial pneumonia (presence) 1.91 0.51-8.53 0.343
Steroid therapy (presence) 1.91 0.51-8.53 0.343
Cerebrovascular disease (presence) 1.07 0.26-3.63 0.917
Diabetes mellitus (presence) 1.64 0.59-4.31 0.329
Predicted VC (<2,500 mL) 2.92 0.78-11.24 0.110
Predicted FEV, (<1,700 mL) 1.34 0.38-4.83 0.649
Predicted %D, ¢, (<60%) 2.49 0.52-10.69 0.243
Tumor size (>30 mm) 2.82 0.98-9.40 0.056
Lymph node metastasis (positive) 2.98 0.99-8.25 0.051
Approach (complete VATS) 0.63 0.14-3.07 0.547
Operation time (>240 min) 1.41 0.52-4.03 0.507
Blood loss (>100 mL) 2.75 0.53-23.02 0.242
Prolonged air leakage (presence) 2.38 0.31-3.14 0.217
Prophylactic antibiotics (short period) 6.82 2.51-21.96 <0.001*

*, P<0.05. NSCLC, non-small cell lung cancer; COPD, chronic obstructive pulmonary disease; VC, vital capacity; FEV,, forced expiratory
volume in 1 second; %D, ¢, the percent predicted D, ¢o; D, co, diffusing capacity for carbon monoxide.

the results of this study do not recommend inappropriate
use of prophylactic antibiotics for a long period of time
after surgery. A multicenter prospective study is required to
validate our results in the future. In conclusion, prophylactic
antibiotic administration in both the intraoperative and
postoperative periods reduced the incidence of pneumonia
after pulmonary lobectomy for NSCLC.
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