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Background: Pneumonectomy is associated with higher early mortality and morbid-
ity, and it is also known to predispose the patient to respiratory complications during
mid- and long-term follow-up. Therefore, the purpose of this study was to identify
risk factors associated with respiratory complications during the follow-up period after
pneumonectomy.
Methods: We retrospectively reviewed 98 patients who underwent pneumonectomy for
non-small cell lung cancer (NSCLC) between Jan 1995 and Dec 2005 Univariate and
multivariate analyses were used to identify risk factors of late respiratory complications
among preoperative and intraoperative data.
Results: The median follow up duration of 98 patients was 33.1 months
(4.2–180.0 months). The late mortality rate was 68.4% (n = 67). Causes of late death
were cancer specific in 37 patients (55.2%) and respiratory specific in 25 patients
(37.3%). Compared with 59 patients who had no respiratory infection after pneumonec-
tomy during mid- or long-term follow-up, being male, a lower BMI (<22 kg/m2), pres-
ence of chronic obstructive pulmonary disease (COPD) and preoperative pneumonia
were significant risk factors by univariate analysis. Multivariate analysis revealed that
presence of preoperative pneumonia was the only independent factor associated with
late mortality from respiratory complications during the mid- and long-term follow-up
periods (OR = 2.41, 95% CI = 1.10−5.32, p = 0.028).
Conclusion: Respiratory infection was a comparable risk factor of mortality in the
mid- and long-term after pneumonectomy with cancer recurrence. The presence of
preoperative pneumonia was an independent factor related to respiratory infection.
Careful follow-up for these patients may be required.
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Introduction

Pneumonectomy is known to be an appropriate
surgical therapy for advanced or centrally located non-
small cell lung cancer (NSCLC). Although pneumonec-
tomy can achieve its oncologic goal in the management
of NSCLC, it is associated with higher mortality and
morbidity rates than other lesser forms of resection. The
30-day mortality rate for pneumonectomy was around
6% in contrast, that for lobectomy due to NSCLC was
2.9%.1� The causes of death after pneumonectomy are
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typically cardiopulmonary in nature, and these include
pneumonia, respiratory failure, bronchopleural fistula,
myocardial infarction and pulmonary embolism.2� Many
studies have identified independent perioperative factors
associated with pulmonary complications after pneu-
monectomy. Old age, smoking status, chronic obstruc-
tive pulmonary disease (COPD), and poor pulmonary
function have been known to be related with pulmonary
complications immediately after pneumonectomy.1-4�

The mid- and long-term results following pneumonec-
tomy depend not only on the underlying disease for
which pneumonectomy was performed but also on the
status of the remaining lung. The common causes
of death after pneumonectomy are known to be dis-
ease progression due to recurrence of the initial dis-
ease and restrictive respiratory insufficiency by loss of
the alveolar surface.2� However, little is known about
respiratory complications during mid- and long-term
follow-up for patients after pneumonectomy. Although
some authors have reported late morbidities due to
pneumonectomy, most of them have focused on postp-
neumonectomy empyema or syndrome. However, a
large portion of pneumonectomized patients suffer from
respiratory complications due to respiratory infection,
and most of them cannot recover even though maxi-
mal treatment is given. In considering these findings,
we thought that investigating the outcomes of these
patients and risk factors of respiratory complications
during mid- and long-term follow-up would be worthy
in order to prevent these complications. Therefore, we
evaluated the incidence of late respiratory complications
of these patients and identified the factors associated
with late respiratory complications.

Materials and Methods

Between January 1995 and December 2005, 119
patients who underwent pneumonectomy for NSCLC
at the Kyungpook National University Hospital were
retrospectively included in the study. Twelve patients
(10.1%) were lost during follow-up and were excluded
from this study. Preoperative studies included medi-
cal history, physical examination, pulmonary function
test (PFT), bronchoscopy, chest computed tomography
(chest CT), and lung perfusion scan. Diagnosis of pre-
operative pneumonia was made in the same way as
that of postoperative pneumonia, when patients had
a lung infiltration or consolidation, purulent sputum
and documented presence of microorganisms in the

culture, and leukocytosis. COPD was defined as per-
cent predicted forced expiratory volume (FEV) in 1 sec-
ond (% predicted FEV1) <70%, and FEV1/forced vital
capacity (FVC) <70%. If patients showed mediasti-
nal node metastasis or a bulky mass in the central
lesion on chest CT which would prevent complete
resection, cisplatin and taxane combination neoadju-
vant chemotherapy would be performed. After 3 cycles
of neoadjuvant chemotherapy were completed, re-
assessment of resectability was performed. All patients
were operated on by the same surgical team through
a standard posterolateral thoracotomy. Until 2000 at
this hospital, pneumonectomy was the preferred proce-
dure for a tumor located in a main bronchus, indicat-
ing stage IB lung cancer, rather than sleeve resection.
The bronchial division was performed with a mechan-
ical stapler and the bronchial stump was covered with
various materials in all patients. A Pericardial fat had
been mainly used to cover bronchial stump before 2003
and the hemostatic agent named Tachocomb have been
tried to be utilized afterwards. Pathologic staging was
performed according to the 6th edition TNM staging
system. There were 25 patients (23.4%) in stage I, 29
patients (27.1%) in II, 51 patients (47.7%) in III, and
2 patients (1.8%) in stage IV. The histological type of
NSCLC was as follows: 89 cases of squamous cell car-
cinoma (SCC); 18 cases of adenocarcinoma. Early mor-
bidity and mortality were defined as those occurring
before hospital discharge or within 30 days after pneu-
monectomy. Follow-up was achieved through regular
clinic visits until patients’ death. Patients were exam-
ined at 3-month intervals for 2 years, 6-month inter-
vals during years 2–5 postsurgery, and annually after
5 years. Cause of late death was defined as cancer spe-
cific if due to recurrence, and respiratory specific if
due to respiratory complications such as pneumonia or
acute respiratory distress syndrome (ARDS). If recurred
patients who were under chemotherapy had a respira-
tory infection and died during same admission period,
it would be counted as cancer specific death.

Pre-and intra-operative variables were tested with
univariate analysis for respiratory complications and
mortality, categorical variables were analyzed using
a Pearson’s �2 test or Fisher’s exact test, and con-
tinuous variables were compared by using the Stu-
dent’s paired t-test. For survival analysis, the Kaplan
Meier method was used and for comparison of the
survival rate a log rank test was used. In the mul-
tivariate analysis, a Cox logistic regression analysis
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was applied. Statistical significance was indicated by
a p-value <0�05, and all statistical analyses were per-
formed by SPSS PC, version 17 (SPSS Inc, Chicago,
IL, USA).

Results

Of 107 patients, the early mortality rate was 8.4%
(n = 9). Causes of early mortality were pneumo-
nia/ARDS in 7 patients, acute myocardial infarction
in 1 patient, and surgical bleeding in 1 patient. The
remaining 98 patients except for patients who died
during the early follow-up period composed the study
group. The mean age was 59.0 (range, 32–75) years
old and 89 patients (90.8%) were male. Ninety patients
(91.8%) were ever-smokers and 8 patients (8.2%)
were never-smokers. Of the ever-smokers, 57 patients
(58.2%) had smoked more than 40 pack-years (PY).
The mean body mass index (BMI) was 21.9 kg/m2,
and 54 patients (55.1%) were below 22 kg/m2. Eigh-
teen patients (18.4%) were satisfied with the criteria
of COPD (FEV1<70% and FEV1/FVC <70). Nine-
teen patients (19.4%) had preoperative pneumonia, and
most of the organisms were �-hemolytic streptococ-
cus. The median carcinoembryonic antigen (CEA) level
was 3.04 ng/ml, and it was >5 ng/ml in 22 patients
(24.2%). A right side pneumonectomy was performed
in 36 patients (36.7%) and the mean anesthetic time
was 4.5 hours. Postoperative complications occurred in
15 patients (15.3%), postoperative pneumonia in four
patients, hoarseness in four patients, bleeding required
reoperation in three patients, and atrial fibrillation in
two patients (Table 1). The risk factors of preoperative
pneumonia were SCC (p = 0�017), more than 40 PY
(p= 0�002), low FVC (<80%, p= 0�022), and presence
of COPD (p = 0�021) (Table 2).

The median follow-up duration of 98 patients
was 33.1 months (4.2–180.0 months). The 1-, 3-,
5-year overall survival rates were 87.8%, 63.3%, and
42.5%, respectively. Of 31 surviving patients (31.6%),
23 patients had neither recurrence nor cardiopulmonary
disorders, 3 patients had cardiac disorders, 2 patients
had second primary cancer, 2 patients had history of res-
piratory complications, and one patient with recurrence.
The late mortality rate was 68.4% (n= 67). The causes
of late mortality were cancer specific in 37 patients
(55.2%), respiratory complication specific in 25 patients
(37.3%), and others in 5 patients (7.5%) without disease
progression or respiratory infections. The mean survival

Table 1 Basic characteristic of patients who underwent
pneumonectomy for NSCLC

Variables No. of patients (%)

Male patients 89 (90.8)
Age, years 59+8�3
Smoking, ever-smoker 90 (91.8)
PY, >40 57 (58.2)
BMI, <22 kg/m2 54 (55.1)
COPD 18 (18.4)
Preoperative pneumonia 19 (19.4)
CEA, median, ng/ml 3.04
Side of operation, Right 36 (36.7)
Operating time, mean, hour 4.5
Complications 15 (15.3)
Postoperative pneumonia 4 (4.1)
Hoarseness 4 (4.1)
Bleeding 3 (3.1)
Atrial fibrillation 2 (2.0)

NSCLC: non-small cell lung cancer; PY: pack-years; BMI: body
mass index; COPD: chronic obstructive pulmonary disease; CEA:
carcinoembryonic antigen

Table 2 Risk factors of preoperative pneumonia

Variables No. of patients (%) p value

Cell type 0.017
Squamous cell carcinoma 16 (84.2)
Adenocarcinoma 3 (15.8)
Smoking 0.002
≤40 PY 2 (10.5)
>40 PY 17 (89.5)
FVC 0.022
≥80% of predicted value 9 (47.4)
<80% of predicted value 10 (52.6)
COPD 0.021
Yes 12 (63.2)
No 7 (36.8)

PY: pack-years; FVC: forced vital capacity; COPD: chronic
obstructive pulmonary disease

times of cancer specific and respiratory infection spe-
cific cases lost were 57.1 months and 58.0 months,
respectively. The 1-, 3-, and 5-year cancer specific sur-
vival rates were 92.4%, 73.3%, and 56.6%, and respi-
ratory specific survival rates were 93.6%, 86.1%, and
72.5%, respectively. When the causes of death were
evaluated according to survival time, respiratory infec-
tion occurred more commonly than cancer recurrence
in patients who survived >36 months. In contrast, in
patients who survived <36 months, cancer recurrence
was more common than respiratory infection. Recur-
rence occurred in 51 patients (52.4%), and 37 patients
of them (72.5%) were dead from disease progression.
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Recurrence sites were locoregional in 10 patients, and
distant metastasis in 41 patients. The mean time to
development of respiratory infection from operation was
23 months in 39 patients who had respiratory com-
plications due to infection during follow-up, of those
25 patients (64.1%, 25/39) who succumbed to deaths of
respiratory complications.

Compared with 59 patients who had no respira-
tory infection after pneumonectomy during mid- or
long-term follow-up, male sex, lower BMI, presence
of COPD and preoperative pneumonia were signif-
icant risk factors by univariate analysis (Table 3).
Multivariate analysis revealed that presence of preoper-
ative pneumonia was an independent factor associated
with mortality from respiratory complications during
the mid- and long-term follow-up periods (Table 4).

Discussion

In patients undergoing pneumonectomy for NSCLC,
postoperative pulmonary complications are common
and related with high mortality. The incidence of pul-
monary complications after pneumonectomy was up to
50%, and an old age, poor pulmonary function, COPD,
and a prolonged anesthetic time have been known to
be independent predictors.1–5� However, most studies
have focused on immediate postoperative periods and
early mortality within 30 days. Despite the presence
of similar recurrence rates in the pneumonectomy and
lesser lung resection groups, the long-term survival rate
of patients with pneumonectomy was poor. Alexiou
et al. showed that the survival difference between pneu-
monectomy and lesser resection continues to increase
over the first 2 to 3 postoperative years and concluded
that this might simply reflect the higher operative mor-
tality of pneumonectomy.6� The present study, therefore,
aimed to evaluate the risk factors of respiratory compli-
cations during the medium and late periods after pneu-
monectomy. These periods were thought to be recovery
phase from surgical stress and pulmonary functions of
this time were up to 80% of the postoperative predicted
value. In general, the main causes of death other than
disease progression after pneumonectomy were found
to be respiratory complications and cardiac dysfunc-
tion. This study also showed that cancer recurrence
and respiratory failure were the main causes of late
death after pneumonectomy for NSCLC. Although two
patients had myocardial infarction, late mortality was
not attributable to cardiovascular insufficiency. Rocco

Table 3 Univariate analysis for late respiratory infection

Variables No Yes p value

Sex, male 0 (0%) 39 (43.8%) 0.006
Age, 60 year 17 (32.7) 22 (47.8) 0.127
BMI, <22 kg/m2 12 (27.3) 27 (50.0) 0.022
Smoking, ever-smoker 1 (12.5) 38 (42.2) 0.140
Smoking, PY> 40 14 (34.1) 25 (43.9) 0.333
COPD 27 (33.8) 12 (66.7) 0.010
Side, Rt 23 (37.1) 16 (44.4) 0.474
Preoperative pneumonia 26 (32.9) 13 (68.4) 0.005
Neoadjuvant therapy 32 (38.1) 7 (41.7) 0.208
Adjuvant therapy 21 (33.9) 18 (50) 0.116

BMI: body mass index; PY: pack-years; COPD: chronic obstruc-
tive pulmonary disease

Table 4 Multivariate analysis for late respiratory infection

Variables Odds ratio 95% CI p value

Sex, male 1.010 0.499–2.044 0.978
BMI, <22 kg/m2 0.924 0.452–1.889 0.829
COPD 0.866 0.381–1.970 0.732
Preoperative pneumonia 2.418 1.099–5.320 0.028

CI: confidence interval; BMI: body mass index; COPD: chronic
obstructive pulmonary disease

et al. also revealed that late cardiac insufficiency related
to adverse physiological consequences of pneumonec-
tomy is uncommon.7� Therefore, respiratory complica-
tions were the most important prognostic factor of late
mortality and its risk factors have to be elucidated in
order to prevent late death after pneumonectomy. Those
factors which are significant risk factors of respiratory
complications after the early phase of pneumonectomy
may also function as risk factors of respiratory compli-
cations during the late phase. This study showed that
male sex, lower BMI (<22 kg/m2), presence of COPD,
and preoperative pneumonia were significant risk fac-
tors by univariate analysis for late respiratory compli-
cations. However, preoperative pneumonia was the only
independent risk factor of respiratory complications by
multivariate analysis.

COPD was shown to be a risk factor of postopera-
tive pneumonia in patients who underwent resection to
any extent. Shiono et al. reported that a preoperative
FEV1% of less than 70% was a significant risk factor
for postoperative pneumonia by multivariate analysis.8�

Therefore, our results suggest that COPD has a strong
impact on deterioration of pulmonary condition after
surgery and, in the long run, is associated with wors-
ening pulmonary function. Patients with COPD are
more prone to pneumothorax, pneumonia, and chronic
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hypoxemia because of impaired total distance of the
alveolar surface to the capillary endothelium, reduced
area of gas exchange, and reduction of surface capillary
area and hemoglobin concentration.9� Another reason is
that distal airways were frequently colonized in clini-
cally stable populations with lung cancer (42%), COPD
(83%), or bronchiectasis (88%).10� Therefore, COPD
patients who underwent pneumonectomy for lung can-
cer might have had bacterial colonization even though
clinical symptoms or infective signs were not present.
Because minimal respiratory infection or disturbance
of immunity could cause overwhelming respiratory
infection, respiratory failure occurred easily in pneu-
monectomized patients who had marginal pulmonary
function.

Poor pulmonary function is also known to be a major
risk factor of pulmonary complications immediately and
over the long-term especially in patients with pneu-
monectomy. Leo et al. showed that overall 5-year sur-
vival was 17.5% in elderly patients (>70 year) and
53.6% in younger patients, and 37.5% were unrelated
to cancer in elderly patients and 13.8% in younger
patients. They concluded that the only factor affect-
ing long-term survival in the elderly was preopera-
tive respiratory function.11� Deduced from the results
of Leo et al., among patients with older age and poor
lung function more deaths unrelated to cancer but rather
due to respiratory dysfunction after pneumonectomy
might occur. This may be because the postoperative pul-
monary condition had severely deteriorated and chronic
bronchitis and frequent pulmonary infection occurred.

Close attention should be paid to preoperative pneu-
monia as an independent risk factor of pulmonary
complications during the late phase. Although the
mechanisms were not clearly elucidated, bronchial bac-
terial colonization may be frequent in patients with
lung cancer as most of these patients have underly-
ing COPD and this might be a cause. Cabello et al.
reported that 42% of patients with pulmonary carci-
noma had bronchial colonization with commensal or
potential pathogenic micro-organisms.10� Frequency of
bacterial colonization is not known to differ between
lobectomy and pneumonectomy. However, preopera-
tive bacterial colonization might be higher in patients
with pneumonectomy than those with lobectomy due
to bronchial obstruction by a centrally located tumor.
Ioanas et al. reported that a central tumor was a statisti-
cally significant risk factor of bronchial colonization.12�

In this study, preoperative pneumonia was present in

19 patients (19.4%) and the risk factors were SCC,
heavy smoker (>40 PY), low FVC, and COPD. Of
those with postoperative respiratory infections, patients
with preoperative pneumonia were twice as common as
those without (68.4% vs. 32.9%). Although the pres-
ence of causative preoperative microorganisms was not
exactly consistent with that of postoperative microor-
ganisms in patients with respiratory infection, preop-
erative pneumonia was meaningful in predicting late
respiratory complications. The authors suggest that uni-
lateral obstruction by central lesion may be a predis-
posing factor for accumulation of secretions above the
obstructed airway and consequent aspiration of colo-
nized secretions to the contralateral lung. As a result, it
is possible that colonization with commensal or poten-
tial pathogenic organism survive in the remained lung
after the surgery. The bacterial colonization may have
an effect on late pulmonary complications.

In the present study, every patient with preopera-
tive pneumonia has received the operation after the
recovery of pneumonia, which was defined to be both
the symptomatic improvement of fever and chills, and
the normalization of white blood cell and C-reactive
protein levels. In this context, chest physiotherapy is
highly recommended to prevent pulmonary complica-
tions after lung resection by some investigators. Algar
et al. reported that chest physiotherapy is highly rec-
ommended to prevent pulmonary complications after
pneumonectomy.13�

Neoadjuvant chemotherapy is known to be a major
risk factor of perioperative complications after pneu-
monectomy as well as lobectomy. Busch et al. found a
significant increase in major pulmonary complications
in patients who had received induction chemotherapy.14�

As neoadjuvant therapy is being studied in earlier stage
lung cancer and may be applied more broadly in the
future, the exact mechanism of perioperative compli-
cations caused by induction chemotherapy has to be
elucidated. Roberts et al. concluded that the most com-
mon life-threatening complication in patients receiving
neoadjuvant chemotherapy was the failure to respond to
antibiotics given for pneumonia.15�

This study has several limitations. First, because
patients who underwent pneumonectomy had reached
a more advanced stage than those with lobectomy,
most patients received adjuvant therapy. Therefore,
many patients had experienced poor general condition,
which can make patients more susceptible to respiratory
infection.
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bronchitis and frequent pulmonary infection occurred.

Close attention should be paid to preoperative pneu-
monia as an independent risk factor of pulmonary
complications during the late phase. Although the
mechanisms were not clearly elucidated, bronchial bac-
terial colonization may be frequent in patients with
lung cancer as most of these patients have underly-
ing COPD and this might be a cause. Cabello et al.
reported that 42% of patients with pulmonary carci-
noma had bronchial colonization with commensal or
potential pathogenic micro-organisms.10� Frequency of
bacterial colonization is not known to differ between
lobectomy and pneumonectomy. However, preopera-
tive bacterial colonization might be higher in patients
with pneumonectomy than those with lobectomy due
to bronchial obstruction by a centrally located tumor.
Ioanas et al. reported that a central tumor was a statisti-
cally significant risk factor of bronchial colonization.12�

In this study, preoperative pneumonia was present in

19 patients (19.4%) and the risk factors were SCC,
heavy smoker (>40 PY), low FVC, and COPD. Of
those with postoperative respiratory infections, patients
with preoperative pneumonia were twice as common as
those without (68.4% vs. 32.9%). Although the pres-
ence of causative preoperative microorganisms was not
exactly consistent with that of postoperative microor-
ganisms in patients with respiratory infection, preop-
erative pneumonia was meaningful in predicting late
respiratory complications. The authors suggest that uni-
lateral obstruction by central lesion may be a predis-
posing factor for accumulation of secretions above the
obstructed airway and consequent aspiration of colo-
nized secretions to the contralateral lung. As a result, it
is possible that colonization with commensal or poten-
tial pathogenic organism survive in the remained lung
after the surgery. The bacterial colonization may have
an effect on late pulmonary complications.

In the present study, every patient with preopera-
tive pneumonia has received the operation after the
recovery of pneumonia, which was defined to be both
the symptomatic improvement of fever and chills, and
the normalization of white blood cell and C-reactive
protein levels. In this context, chest physiotherapy is
highly recommended to prevent pulmonary complica-
tions after lung resection by some investigators. Algar
et al. reported that chest physiotherapy is highly rec-
ommended to prevent pulmonary complications after
pneumonectomy.13�

Neoadjuvant chemotherapy is known to be a major
risk factor of perioperative complications after pneu-
monectomy as well as lobectomy. Busch et al. found a
significant increase in major pulmonary complications
in patients who had received induction chemotherapy.14�

As neoadjuvant therapy is being studied in earlier stage
lung cancer and may be applied more broadly in the
future, the exact mechanism of perioperative compli-
cations caused by induction chemotherapy has to be
elucidated. Roberts et al. concluded that the most com-
mon life-threatening complication in patients receiving
neoadjuvant chemotherapy was the failure to respond to
antibiotics given for pneumonia.15�

This study has several limitations. First, because
patients who underwent pneumonectomy had reached
a more advanced stage than those with lobectomy,
most patients received adjuvant therapy. Therefore,
many patients had experienced poor general condition,
which can make patients more susceptible to respiratory
infection.
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It is difficult to differentiate respiratory complica-
tions derived from risk factors inherent to patient health
and demographics from those by chemotherapy. Sec-
ond, a large portion, 10% of our patients were lost dur-
ing the follow-up period in our study. However, these
patients might have died more likely due to respiratory
complications than to recurrence. Third, this study has
failed to come up with a solution in patients who had
preoperative pneumonia in order to prevent respiratory
infections/failure over the long term. We plan to study
the effect of respiratory rehabilitation on early and late
respiratory complications after pneumonectomy.

Conclusion

From these results, careful prophylactic treatment of
COPD patients with preoperative pneumonia are critical
for prolonging survival after pneumonectomy for non-
small cell lung cancer.
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