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Background. Whereas proximal airways of patients
undergoing lung cancer surgery are known to present
specific microbiota incriminated in the occurrence of
postoperative respiratory complications, little attention
has been paid to distal airways and lung parenchyma
considered to be free from bacteria. We have hypothe-
sized that molecular culture-independent techniques ap-
plied to distal airways should allow identification of
uncultured bacteria, virus, or emerging pathogens and
predict the occurrence of postoperative respiratory
complications.

Methods. Microbiological assessments were obtained
from the distal airways of resected lung specimens from
a prospective cohort of patients undergoing major lung
resections for cancer. Microorganisms were detected us-
ing real-time polymerase chain reaction (PCR) assays
targeting the bacterial 16s ribosomal RNA gene and
Herpesviridae, cytomegalovirus (CMV), and herpesvirus
simplex. All postoperative microbiological assessments
were compared with the PCR results.

Results. In all, 240 samples from 87 patients were

o date, postoperative respiratory complications re-

main the most frequent and serious complications
after lung cancer resection and are the primary cause of
hospital death after surgery [1]. A vast majority of this
heterogeneous group of diseases result from infectious
bacterial etiologies, but a large number of them are
frequently undetermined owing to inconclusive postop-
erative microbiological results [2-5].

Because infectious etiologies have been highly incrim-
inated in the occurrence of these postoperative events,
bronchial colonization has been suggested to be an
essential factor in the pathogenesis of these complica-
tions [5-11]. Proximal airway colonization is present in
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investigated. Colonizing agents were exclusively Herpes-
viridae (CMV, n = 13, and herpesvirus simplex, n = 1).
All 16s ribosomal RNA PCR remained negative. Thirteen
patients (15%) had a positive CMV PCR (positive-PCR
group), whereas the remaining 74 patients constituted the
negative-PCR group. Postoperative pneumonia occurred
in 24% of the negative-PCR group and in 69% of the
positive-PCR group (p = 0.003). Upon stepwise logistic
regression, performance status, percent of predicted dif-
fusion lung capacity for carbon monoxide, and positive
PCR were the risk factors of postoperative respiratory
complications. The CMV PCR had a positive predictive
value of 0.70 in prediction of respiratory complications.

Conclusions. When tested by molecular techniques,
lung parenchyma and distal airways are free of bacteria,
but CMV was found in a high proportion of the samples.
Molecular CMV detection in distal airways should be
seen as a reliable marker to identify patients at risk for
postoperative respiratory complications.

18% to 41% of patients undergoing lung cancer surgery
[12]. Hemophilus influenzae, Streptococcus pneumoniae, and
Staphylococcus aureus constitute the main microbiota
found in the proximal bronchial tree of these active/
exsmokers and chronic obstructive pulmonary disease
patients.

Whereas proximal airways are notoriously contami-
nated by a specific microbiota of potential pathogenic
microorganisms, microbiological results concerning the
distal airways and lung parenchyma at the moment of
surgery remain conflicting [5, 8, 13]. That can be ex-
plained by current methods of microbiological identifi-
cation, mainly based on traditional phenotypic methods
of cultures, precluding definitive identification when
considering that detection and identification of a majority
of microbiological species requires modern culture tech-
niques [14, 15]. Moreover, bacteria are not the sole



Abbreviations and Acronyms
16 S rRNA = 16 S ribosomal Ribonucleic acid

ALIL = acute lung injury

ARDS = acute respiratory distress syndrome

ASA = American Score of
Anesthesiologists

BAL = bronchoalveolar 1 avage

BMI = body mass index

CMV = Cytomegalovirus

COPD = chronic obstructive pulmonary
disease

CRT = chemoradiotherapy

Dirco = diffusion lung capacity for carbon
monoxide

FEV = forced expiratory volume in one
second

HVS = Herpes virus simplex

NSCLC = non-small cell lung cancer

NYHA = New York Heart Association

OCA = opioid controlled analgesia

PCR = polymerase chain reaction

PVB = paravertebral block

TEA = thoracic epidural analgesia

vC = vital capacity

pathogenic microorganisms implied in the development
of these respiratory failures. Part of the pathogenesis of
respiratory complications may be largely influenced by
other potential pathogenic microorganisms, such as cy-
tomegalovirus (CMV), which are considered to be poten-
tial causes of postoperative respiratory infections [16, 17].

Because the development of microbiology has obviated
the requirement to culture microbes to identify them
[18-20], we have hypothesized that molecular culture-
independent techniques applied to distal airways and
lung parenchyma of patients undergoing lung cancer
surgery should allow the identification of uncultured
bacteria, viruses, or emerging pathogens. In addition, we
have investigated the correlation between the results of
this molecular detection and the occurrence of postoper-
ative respiratory complications to provide an early reli-
able biologic marker to predict respiratory failure.

Material and Methods

Study Design
This study was conducted according to the current reg-
ulations for clinical research in France. This study was
financially supported by the University of the Mediter-
ranean and the Assistance Publique-Hopitaux de Mar-
seille, after approval by the Institutional Review Board
(French Society of Thoracic and Cardiovascular Surgery
IRB; CERC-SFCTCV-2011-6-24-15-52-38-D-Xa). Informed
consent was obtained from all patients before surgery.
All patients undergoing major lung resection between
February 1, 2009, and October 31, 2009, for lung cancer
without signs of acute respiratory infection were eligi-
ble for this study. Patients treated with antibiotics (be-

cause of respiratory or extrarespiratory infections) during
the week preceding the surgery were excluded from the
study. All patients received a planned protocol for anti-
biotic prophylaxis, according to the current French rec-
ommendations [5]. All the data concerning patient char-
acteristics, results of microbiological studies, treatment
procedures, and outcome were prospectively collected.
All patients were intubated with a double-lumen endo-
bronchial tube to perform single-lung ventilation. Lung
resections were performed according to standard tech-
niques. Side, type of resection, possible associated sleeve
bronchial or chest wall resection, previous thoracotomy,
and total procedure time were recorded. Postoperative
outcome was collected prospectively.

Perioperative Microbiological Samples

During the surgical procedure and immediately after
lung resection, a guided bronchoalveolar lavage (BAL)
was performed on the resected specimen with a stan-
dardized protocol: 50 mL physiologic saline was instilled
into the opened bronchus of the resected lung. Fluid
return was collected using a sterile suction catheter
equipped with a mucus collection tube. Biopsies were
taken from resected specimens of healthy and tumoral
lungs for microbiological examination.

Microbiological analysis was undertaken through a
standardized protocol of DNA and RNA extraction for
polymerase chain reaction (PCR) sequencing and ampli-
fication to exclude a possible colonization of the airways
[20-23]. The PCR assays were performed in two sets of
experiments for all samples to confirm the results. Pa-
tients were considered to be colonized if at least one of
the two repeated PCR assays was positive for potential
pathogenic microorganisms. This group of patients con-
stituted the “positive-PCR group,” whereas patients with
negative PCR results constituted the “negative-PCR
group.” An association between positive PCR and post-
operative respiratory complications was investigated sec-
ondarily by screening all the patients’ medical charts.
Comparison between preoperative and postoperative
samples was investigated to draw microbiological con-
cordance between the two events. Lastly, all potential
factors incriminated in the occurrence of postoperative
respiratory complications were included in a logistic
regression. Factors involved in the occurrence of positive
PCR were also identified.

Postoperative Complications

Respiratory complications were defined by all medical
events concerning lung parenchyma (ie, sputum reten-
tion, atelectasis, pneumonia, acute lung injury, acute
respiratory distress syndrome) in the absence of early
surgical complications [5, 24]. Our general policy was to
maintain a high clinical suspicion for postoperative re-
spiratory infections and to document respiratory infec-
tion whenever possible. In spontaneously breathing pa-
tients, we used quantitative cultures of aspirates
obtained by fiberoptic bronchoscopic or bronchoscopic
BAL. In intubated patients, we performed bronchoscopic
BAL or endotracheal aspirates. Additional details regard-



Table 1. Clinical Characteristics Among the 87 Included Patients and According to Positive or Negative PCR Status

All Negative PCR Positive PCR
Clinical Characteristics n = 87 n =74 n =13 p Value
Preoperative clinical status
Age, years 63.1*9 62.7 =9 653 =9 0.359
Sex male 62 (71) 52 (70) 10 (76) 0.452
Weight, kg 72.8 = 21 71 = 18 73 £ 29 0.785
Performance status 0.21 = 0.4 0.19 = 0.4 0.31 = 0.4 0.396
BMI 24 + 3 24 £ 4 25 +3 0.264
Charlson score 47 = 1.0 4.8 = 1.0 44 + 1.0 0.611
FEV,% of predicted 83 = 18 84 + 18 78 = 18 0.238
Drco% of predicted 72 £ 12 73 £ 11 66 = 16 0.073
Preoperative risk factors for
respiratory complications
NSCLC 74 (85) 63 (85) 11 (84) 0.619
Smoking history 79 (90) 66 (90) 13 (100) 0.259
Smoking cessation (79 smokers) 57 (72) 48 (64) 9 (69) 0.720
Smoking pack-year 41 = 25 40 = 25 50 = 24 0.178
Alcohol 10 (1) 7(9) 3(23) 0.167
COPD 33 (38) 27 (36) 6 (46) 0.357
Diabetes mellitus 12 (13) 8 (11) 4 (30) 0.076
Previous cancer 28 (32) 24 (32) 4 (31) 0.591
Previous CRT 23 (26) 21 (29) 2 (15) 0.271
Neoadjuvant CRT 9 (10) 7 (10) 2 (15) 0.403
ASA score 1.98 = 0.5 1.9 £ 05 22 * 05 0.323
NHYA score 1.6 = 0.5 1.6 £ 0.5 1.8 £ 0.5 0.093
Previous cardiac disease 12 (14) 9(12) 3(23) 0.253
Hypertension 12 (14) 9(12) 3(23) 0.390
Details of operation
Segmental resection 4(4) 3(4) 1(7) 0.536
Lobectomy 73 (83) 61(82) 12 (92)
Sleeve lobectomy 7 (8) 6(8) 1(6)
Pneumonectomy 3(3) 3(4) 0(0)
Chest wall en-bloc resection 2(2) 2(2) 0(0)
Previous thoracic surgery 5(5) 3(4) 2 (16) 0.159
Side, right/left 54/33 46/28 5/8 1.000
Analgesia TEA/PVB/OCA 68/18/4 57/13/4 8/5/0 —

Data presented as n (%) or mean = SD, unless otherwise indicated.

ASA = American Society of Anesthesiologists; BMI = body mass index;
Drco = diffusion lung capacity for carbon monoxide;
OCA = opioid-controlled analgesia;

chemoradiotherapy;
cell lung cancer;
paravertebral block;

NYHA = New York Heart Association;
TEA = thoracic epidural analgesia.

ing the definitions of postoperative complications are
provided in the online data supplement.

Statistical Analysis

Data were analyzed using the SPSS 17.0 package (SPSS,
Chicago, IL). The results are expressed as the mean = SD
or median (range) for quantitative variables and as per-
centages for qualitative variables. The Mann-Whitney U
test was used for quantitative variables. The Pearson x*
or Fisher exact test was applied for qualitative variables.
To discriminate the risk factors of postoperative compli-
cations and risks factors of positive PCR, we have con-
ducted two univariate analyses. All variables using p
values less than 0.1 in univariate analysis were included

COPD = chronic obstructive pulmonary disease; CRT =
NSCLC = non-small
PVB =

FEV, = forced expiratory volume in 1 second;
PCR = polymerase chain reaction;

in a logistic regression model. Because of the small
simple size, we have opted for stepwise logistic regres-
sion with adjustment of confounders with validation by
the Homer-Lemeshow test to avoid multicollinearity ef-
fect. All p values less than 0.05 were considered to
indicate statistical significance.

Results

Over a 9-month period, 87 consecutive patients were
included in the study after informed consent. There
were 62 men and 25 women with a mean age of 63 = 9
years. Table 1 summarizes the patients’ main
characteristics.



Table 2. Results of Repeated Real-Time Polymerase Chain Reaction Assays Performed on 241 Samples Obtained From 87

Patients”
LB From Healthy LB From Tumoral Total Patients With
Real-Time PCR Assay BAL Lung Lung Positive PCR
Number of samples 79 85 77
RNA extraction 79 85 77
Number of samples analyzed 79 85 77
Albumin
+ 79 77 76
- 0 1°
16s rRNA
2 positive rt-PCR 0 0 0
1 positive rt-PCR 0 0
Negative 79 85 77
HVS
2 positive rt-PCR 1 1
1 positive rt-PCR 1
Negative 78 77 76
MV
2 positive rt-PCR 4 2 13¢
1 positive rt-PCR 3 0
Negative 72 72 75

@ Patients were considered to be positive if at least one of the two repeated polymerase chain reaction (PCR) assays proved positive for potential
pathogenic microorganisms.  ® Samples excluded from the analysis owing to insufficient DNA material. € One patient had a coinfection with

cytomegalovirus (CMV) and herpesvirus simplex (HVS).

BAL = bronchoalveolar lavage; LB = lung biopsy; PCR = polymerase chain reaction; rRNA = ribosomal RNA; rt = real time.

PCR Results of the Distal Airways

From the total cohort of 87 patients, a total of 241 samples
were collected: 79 from BAL, 85 from healthy lungs, and
77 from lung tumors. These data represent a mean of 2.7
samples per patient. All samples were suitable for re-
peated real-time PCR amplification. The PCR of albumin
and human actin genes was performed to test the quality
of extracted DNA. Table 2 summarizes these PCR results.
Of the 241 samples, one sample was excluded from the
analysis owing to a lack of DNA material. From the
remaining 240 samples, positive PCR was obtained in 16
samples (6.3%) from 13 patients. These 13 patients (15%
of the total cohort) constituted the positive-PCR group (6
in BAL, 5 in lung biopsies, and 2 in both). Pathogenic
microorganisms were detected by positive PCR and
found to be exclusively Herpesviridae (CMV, n = 12, CMV
and herpesvirus simplex, n = 1). Cytomegalovirus was
found in BAL from 6 patients, in the healthy lungs of 5
patients, and in the lung tumors of 2 patients. Among the
13 positive CMV patients, detection was confirmed by
two repeated CMV-PCR in 10 patients.

In the first part of the microbiological analysis, real-
time PCR screening showed that 6 patients were positive
for 16s ribosomal RNA. However, after standard PCR
amplification and sequencing methods, these 6 ampli-
cons were found to be of human origin, not from bacteria.
A second round of DNA extraction and 16s ribosomal
RNA PCR amplification was performed on these negative
samples. Moreover, all traditional control cultures re-
mained negative. These false-positive patients were con-

sidered to be noncolonized. Accordingly, they were
added to the 68 remaining patients with completely
negative PCR to constitute the negative-PCR group (n =
74 patients).

Positive-PCR and Negative-PCR Groups

There was no significant difference in term of clinical
characteristics between the two groups, according to the
PCR results (Table 1). Patients with positive PCR had a
trend toward more severe alteration of diffusion lung
capacity for carbon monoxide (DrLco), altered global
functional status (New York Heart Association score),
increased diabetes mellitus, increased global tobacco
consumption, and more frequent previous thoracic

surgery.

Postoperative Outcome

Of the 87 patients, 27 (31%) had postoperative respiratory
complications, with a median delay of 4 days (range, 1 to
21). According to the PCR results, 18 patients (24%) had
respiratory complications in the negative-PCR group,
compared with 9 (69%) in the colonized group (p = 0.003).
Pneumonia occurred in 6 patients (8%) of the negative-
PCR group and in 4 patients (31%) of the positive-PCR
group (p = 0.039). Table 3 summarizes the main postop-
erative outcome according to the PCR results. In-hospital
mortality was similar between the groups. The length of
hospital stay was significantly longer in the positive-PCR
group (p = 0.043).

The details of the 27 patients having postoperative



Table 3. Outcome of the 87 Patients According to the Polymerase Chain Reaction Result

All Negative PCR Positive PCR
Outcome n = 87 (%) n = 74 (%) n =13 (%) p Value
Overall complications 43 (49,4) 32 (43) 11 (84) 0.006
Atelectasis 11 (13) 8 (10) 3(23) 0.210
Postoperative pneumonia 10 (11) 6(8) 4(31) 0.039
ARDS 6(7) 4 (5) 2 (15) 0.218
Pneumothorax 1(1) 1(1) 0(0) 1.000
Need for mechanical ventilation 8(9) 5(7) 3(23) 0.094
Noninvasive ventilation 10 (11) 8 (11) 2 (15) 0.461
Bronchoscopic suctioning 13 (14) 8 (11) 5 (38) 0.022
Cardiac arrhythmia 9 (10) 8(11) 1(8) 0.784
Recurrent injury 4(5) 4(5) 0(0) 1.000
Antibiotics 20 (23) 12 (16) 8 (61) <0.001
Hospital mortality 3(3) 3(4) 0(0) 1.000
Length of hospital stay, median (range) 9 (4-66) 9 (4-61) 14 (7-66) 0.043

Data shown as n (%) unless otherwise indicated.

ARDS = acute respiratory distress syndrome;

respiratory complications are provided in Table 4. Post-
operative cultures were positive in 18 patients (67%) and
negative in the remaining 9 patients (33%). The postop-
erative microbiological findings are detailed in Table 5.
Among the 9 positive-PCR patients with postoperative
respiratory complications, 1 had pneumonia with concor-
dant preoperative and postoperative microorganisms
(CMV). Of the 8 remaining patients, concordance be-
tween preoperative and postoperative samples remained
inconclusive due to negative cultures (Table 6).

Multivariate Analysis

We conducted two multivariate analyses to discriminate
which factors were likely to influence occurrence of
postoperative respiratory complications and the risk fac-
tors of a positive PCR.

In the first model dedicated to discriminate variables
affecting postoperative respiratory complications, we
have selected all variables with p less than 0.1 in univar-
iate analysis (Table 6). Accordingly, we have included in
the logistic regression model eight variables: perfor-
mance status, percent of predicted forced expiratory
volume in 1 second, percent of predicted DrLco, alcohol,
American Society of Anesthesiologists score, New York
Heart Association score, chronic obstructive pulmonary
disease, and positive PCR. Because of the small size of
the cohort, we have opted for a stepwise analysis. After
several steps and after adjustment of cofounders, we
have obtained a final model including three independent
and significant variables: performance status, percent of
predicted Drco, and positive PCR (Table 7).

In the second model dedicated to discriminate which
factors were likely associated with positive-PCR, we have
selected all variables with p less than 0.1 in univariate
analysis (Table 1). Accordingly, we have included in the
logistic regression model three variables: percent of pre-
dicted Drco, New York Heart Association score, and
diabetes mellitus. Because of the small size of the cohort,

PCR = polymerase chain reaction.

we have opted for a stepwise analysis. After several steps
and after adjustment of cofounders, the final model did
not reach significance for any variables including in the
logistic regression.

Sensitivity and Specificity of Positive PCR on
Postoperative Respiratory Complications

We also conducted analyses to test reliability of positive
PCR in the prediction of respiratory complications. The
positive predictive value was 0.70 (95% confidence inter-
val [CI], 0.44 to 0.94), and the positive likelihood ratio was
5 (95% CI, 1.68 to 14.82), whereas the negative predictive
value was 0.75 (95% CI, 0.52 to 0.99), and the negative
likelihood ratio was 0.714 (95% CI, 0.54 to 0.94). The
sensitivity of positive-PCR was 33% (95% CI,15% to 51%),
with a specificity of 93% (95% CI, 87% to 99%). The area
under the receiver-operating characteristic curve was
0.725 (p = 0.01; 95% CI, 0.56 to 0.88).

Comment

Whereas microbiota found in proximal airways of pa-
tients undergoing lung cancer surgery is well docu-
mented [5-12], the available microbiological data con-
cerning distal airways and lung parenchyma at the
moment of surgery remain conflicting. When investi-
gated by culture-independent techniques, distal air-
ways and lung parenchyma of patients undergoing
lung cancer resection seem to be free from bacteria.
Our results differ from previous reports that used
phenotypic culture methods. Wansbrough-Jones and
colleagues [13] have documented bacteria cultured in
22% of lavage specimens from resected lung. Loanas
and associates [8] have also reported positives cultures
from lung tissue in 8% of the resected specimens. In
contrast, Schlusser and colleagues [5] have shown that
cultures from lung tissue or from distal airways re-
mained negative.
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Table 5. Outcome of the 13 Positive-PCR Patients and Concordance With Postoperative Samples

Postoperative
Microbiological Agents

Site of Positive PCR Postoperative Samples

Delay of Respiratory
Complications (Days)

Respiratory
Complications

Positive PCR

Patients

No

LB

No

CMV
CMV

CMV

C

28067492
28181721
28165369
28656615

No

BAL
BAL

No

No

No

No

BAL

No

MV

Negative

Bronchoscopic aspirates

BAL + tumor

Pneumonia

CMV
CMV
CMV
CMV
CMV
CMV

28138707
28460031

Enterobacter cloacae

Bronchoscopic aspirates

LB + tumor

LB

Atelectasis

ARDS

CMV + Escherichia coli

Negative

Bronchoscopic BAL

15

28204535

Bronchoscopic aspirates

BAL
BAL
BAL
LB

Pneumonia

28402133

Negative

Bronchoscopic BAL

Pneumonia

28143925

Polymicrobial

Bronchoscopic aspirates

Atelectasis

28001440
27993123

Polymicrobial

Bronchoscopic aspirates

Atelectasis

ARDS

HVS + CMV
CMV

CMV

Negative

Bronchoscopic BAL
Bronchoscopic BAL

Tumor

28508909
27961020

Polymicrobial + Candida

Tumor

Pneumonia

polymerase chain reaction.

PCR =

lung biopsy;

LB =

= herpesvirus simplex;

HVS

CMV = cytomegalovirus;

bronchoalveolar lavage;

BAL =

ARDS = acute respiratory distress syndrome;

Taking into account, first, that distal airways and lung
parenchyma are free of bacteria at the time of surgery,
and second, that these distal airways will be the sites of
postoperative infection, respiratory complications should
be seen as the result of infection by pathogens originat-
ing in the upper respiratory or digestive tracts during the
first postoperative days. Culture-independent tech-
niques and metagenomic studies applied to samples
obtained from these tissues could be extremely relevant
to document a specific microbiota and investigate its
potential role in the pathogenesis of respiratory failure
[25-30].

If distal airways and lung parenchyma are free of
bacteria, these sites present a high proportion of positive
CMYV real-time PCR (15%). Of interest is the significant
clinical association between the positive CMV real-time
PCR and the risk of developing postoperative pulmonary
complications. What remains unclear is whether positive
CMYV real-time PCR in distal airways is the result of the
viral replication of a potential pathogen or, conversely,
the result of reactivation from latency under specific local
conditions or because of poor immunologic status.

There are more arguments for the belief that positive
PCR is the result of a reactivation from latency. In
critically ill immunocompetent patients, severe immuno-
logic impairment is usually considered [31]. Cytomega-
lovirus is now recognized as an emerging pathogen in
this context of “intensive care unit (ICU)-acquired immu-
nosuppression” [16, 17, 32-34]. Recently, a group from
our institution has demonstrated that active CMV infec-
tion was present in 16% of previously healthy medical
ICU patients under mechanical ventilation [34]. The
incidence was in agreement with results from both a
recent study conducted in a French surgical ICU, which
found CMYV infection in 17% of critically ill patients [35],
and a North American study documenting CMV reacti-
vation in 30% of critically ill immunocompetent patients
[36]. Outside the context of the ICU, our group has
reported that CMV could be found in the airways of
9% of patients after chemoradiotherapy for esophageal
cancer [17].

In the context of an oncologic disease favoring viral
replication from latency, CMV reactivation should be
seen as a marker for poor immunologic status rather than
a potential pathogen. It is likely that a local or general
inflammatory immune response is the natural stimulus
for reactivation of CMV. It has been demonstrated in
mice that elevated tumor necrosis factor-a levels in blood
during systemic inflammatory response syndrome or
sepsis might promote CMV reactivation [37, 38]. Reacti-
vation of CMV may, therefore, be secondary to other
infections, and the viral reactivation may be a part of the
host’s inflammatory response to that infection [39, 40].

Reactivation of CMV is likely present at the time of
surgery because of the short delay between the induction
of anesthesia and the observation of microbiological
samples from resected lung. Lung cancer, smoking,
chronic obstructive pulmonary disease, and diabetes
mellitus are some factors that would favor this reactiva-
tion. Because the CMV PCR analysis was performed post



Table 6. Univariate Analysis of Factors of Postoperative Respiratory Complications

No Postoperative Respiratory

Postoperative Respiratory

Complications Complications
Factors n = 60 (%) n = 27 (%) p Value
Preoperative clinical status
Age, years, mean * SD 63 +8 63 +11 0.971
Male 42 (70) 20 (74) 0.801
Weight, kg (mean * SD) 69 = 19 72 £ 15 0.512
Performance status 0.12 = 0.3 0.41 + 0.5 0.003
Body mass index 24+3 23*4 0.463
Charlson score 481 47 +1 0.918
FEV,% of predicted 86 =18 78 = 16 0.090
Drco% of predicted 75 =11 65 =13 <0.001
Preoperative risk factors for respiratory complications
NSCLC 52 (86) 22 (81) 0.531
Smoking history 53 (88) 26 (96) 0.426
Smoking cessation (n = 79 smokers) 40 (66) 17 (63) 0.800
Alcohol 4(7) 6(22) 0.064
COPD 17 (28) 16 (59) 0.009
Diabetes mellitus 8 (13) 4 (15) 1.000
Previous cancer 19 (32) 9 (34) 1.000
Previous CRT 17 (29) 6 (23) 0.600
Neoadjuvant CRT 5(8) 4 (14) 0.450
ASA score 1.9 £ 0.5 2.15 * 0.6 0.070
NHYA score 1.6 £ 0.5 1.8 £0.5 0.068
Previous cardiac disease 9 (14) 3(11) 1.000
Arterial hypertension 7 (12) 5 (18) 0.500
Positive PCR 4 (6) 9 (33) 0.002
Details of operation
Lobectomy 55 (91) 25(92) 1.000
Pneumonectomy 33) 0 1.000
Previous thoracic surgery 3(5) 2(7) 0.640
Right side 38 (63) 22 (59) 0.812
Epidural analgesia 45 (75) 20 (74) 1.000
Hospital mortality 0 3(11) 0.028
Length of hospital stay, median (range) 8 (4-15) 18 (5-66) <0.001

Data presented as n (%) or mean * SD, unless otherwise indicated.

ASA = American Society of Anesthesiologists;
lung capacity for carbon monoxide;
Heart Association; PCR = polymerase chain reaction.

hoc, it seems speculative to conclude which factors
should be considered indicative of the risk of viral
reactivation. Complete individualization of clinical fac-

Table 7. Multivariate Analysis of Factors of Postoperative
Respiratory Complications

95% Confidence

Postoperative Interval
Respiratory Odds ———
Complication Factors p Value Ratio Low High
Drco% of predicted 0.016 0.94 0.899 0.989
Performance status 0.009 4.9 1.49 16.2
Positive PCR 0.013 7.39 1.525 35.8

Dirco = diffusion lung capacity for carbon monoxide;
merase chain reaction.

PCR = poly-

COPD = chronic obstructive pulmonary disease;
FEV, = forced expiratory volume in 1 second;

Dico = diffusion
NYHA = New York

CRT = chemoradiotherapy;
NSCLC = non-small cell lung cancer;

tors affecting CMV reactivation is probably too large and
complex to be revealed by this limited study and requires
prospective evaluation to be highlighted.

One of the two strongest limitations of our study is the
lack of consistent CMV PCR results in the proximal
airways and on all the postoperative microbiological
samples. Among the 13 positive-PCR patients, 12 had no
postoperative CMV assessment, and only 1 had docu-
mented CMV in bronchoscopic BAL. Prospective assess-
ment of these samples with a simultaneous assessment of
CMV plasma DNAemia by real-time PCR should have
been the most appropriate method of identification, as
previously reported [36].

The second limitation remains the small sample size of
our cohort. That can be explained by our study being an
observational study of a homogeneous cohort of consec-



utive patients who underwent a standardized surgical
approach. Moreover, our study was designed to be lim-
ited in time (9 months) to provide homogeneous data.
Despite these specific biases inherent to clinical investi-
gations, we believe that our study provides substantial
new information. With a strong specificity and a good
positive predictive value, regular CMV real-time PCR in
distal airways at the moment of the surgery should be
seen as a biological marker to identify a subgroup of
patients who are at high risk for the development of
respiratory complications. This method could provide an
indirect marker of the global immunologic status and,
more specifically, the status of the airways. The cost of a
CMV real-time PCR does not exceed €100 ($135), and the
results are available within few hours. As a result, appli-
cation of this technique in daily practice deserves further
investigation for early detection in patients presenting
CMYV reactivation in distal airways.

In conclusion, when tested by molecular techniques,
lung parenchyma and distal airways are free of bacteria
but positive CMV real-time PCR is found in a high
proportion of samples. Reactivation of CMV in this
context seems to be an indicator of an ongoing inflam-
matory process or a biological marker of poor immuno-
logic status. With a good positive predictive value, detec-
tion of this viral reactivation by PCR should be seen as a
reliable biological marker to identify patients who are at
high risk for developing respiratory complications.

Supported by the Grant for Research in Thoracic Surgery,
Generation Thorax, Paris, France.
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