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Risk factors for postoperative complications after lung resection
for non-small cell lung cancer in elderly patients at a single
institution in China

Guotian Pei*, Shijie Zhou*, Yi Han, Zhidong Liu, Shaofa Xu

Department of Thoracic Surgery, Beijing Chest Hospital, Capital Medical University, Beijing 101149, China

*These authors contributed equally to this article.

Correspondence to: Zhidong Liu, M.D., Ph.D. Department of Thoracic Surgery, Beijing Chest Hospital, Capital Medical University, Machang 97,
Tongzhou District, Beijing 101149, China. Email: 1zdzrd@sina.com; Shaofa Xu, M.D., Ph.D. Department of Thoracic Surgery, Beijing Chest
Hospital, Capital Medical University, Machang 97, Tongzhou District, Beijing 101149, China. Email: shaofaxu@gmail.com.

Objective: The purpose of this study was to assess the postoperative complications after lung resection for
non-small cell lung cancer (NSCLC) in elderly patients and to identify possible associated risk factors.
Methods: All patients aged 70 years or older who underwent pulmonary resection for NSCLC by either an
open approach or by a thoracoscopic approach between January 2003 and December 2013 at our institution
were reviewed. Postoperative events were divided into minor and major complications. Risk factors for
complications were assessed by univariate and multivariate logistic regression analysis. A matched case-
control study was performed to determine if the utilization of video-assisted thoracic surgery (VATYS) for lung
resection for NSCLC in elderly patients’ results in decreased complications compared with thoracotomy.
Results: During the study period, 476 consecutive patients (410 thoracotomy, 66 thoracoscopy) older than
70 years underwent resection for NSCLC. Postoperative complications occurred in 169 patients (35.5%)
and the overall operative mortality was 2.3% (11 patients). Univariate predictors of complications included
history of smoking (P=0.032), CCI scores >3 (P<0.001), pneumonectomy (P=0.016), as well as the duration
of surgery (P=0.003). After multiple logistic regression analysis, CCI scores >3 [odds ratio (OR) =29.95,
P<0.001], pneumonectomy (OR =2.26, P=0.029) and prolonged surgery (=180 min) (OR =1.93, P=0.003)
remained the only independent risk factors. After matching based on age, gender, the Charlson Comorbidity
Index (CCI), pathologic stage, and the type of resection, there were 60 patients in each group. Patients had
similar preoperative characteristics. A VATS approach resulted in a significantly lower rate of complications
(25.0% vs. 43.3%, P=0.034) and a shorter median length of stay (19 days, range, 12 to 35 vs. 21 days, range,
13 to 38, P=0.013) compared with thoracotomy.

Conclusions: Pulmonary resection for NSCLC in patients older than 70 years shows acceptable morbidity
and mortality. Postoperative complications are more likely to develop in patients with CCI scores >3, those
who undergo pneumonectomy, and those with a prolonged surgery. Thoracoscopic minimally invasive
surgery for NSCLC in elderly patients is associated with fewer complications as well as a shorter hospital

stay compared with thoracotomy.
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Introduction

Lung cancer remains the most frequent cancer worldwide
with an estimated 1.8 million new cases (13% of total
cancer incidence) and 1.6 million deaths (20% of total
cancer mortality) in 2012 (1). Non-small cell lung cancer
(NSCLC) constitutes roughly 80% of all lung cancer cases,
and more than 50% of NSCLC patients are older than 65
years while over 30% are at least 70 years old at diagnosis (2).
According to the statistics from the International Agency for
Research on Cancer (JARC), the morbidity and mortality
rates of lung cancer in China are highest in the world (1).
In addition, the World Health Organization estimates that
the annual lung cancer mortality rate in China may reach
1 million by 2025 (3).

Resection still represents the main curative treatment
modality for patients with NSCLC. Recent data suggest
that pulmonary resection for lung cancer is justified in
elderly patients and that age itself is not a contraindication
for surgical intervention (4,5), even in octogenarians (6).
However, morbidity and mortality rates after pulmonary
resections increase with increasing age, especially in elderly
patients with severe comorbidities (7,8). As a consequence
of growing and ageing populations in China, reducing
postoperative complications and mortality is a major issue
and still represents a clinical challenge frequently-faced by
the thoracic surgeon.

The aim of the present study is to perform a statistical
assessment of risk factors for postoperative complications
after pulmonary resection for NSCLC in elderly patients at
our institution by conducting a retrospective review.

Materials and methods

Approval for the study was obtained and the need for
individual patient consent was waived by the Institutional
Review Board. A prospectively maintained database of
all patients undergoing thoracic surgery for lung cancer,
approved by the Institutional Review Board, was used to
identify those patients greater than or equal to 70 years of
age who underwent pulmonary resection for NSCLC
by either an open approach or by a thoracoscopic
approach between January 2003 and December 2013 in
the Department of Thoracic Surgery at Beijing Chest
Hospital. Excluded patients included those who underwent
an exploratory thoracotomy or a wedge biopsy; those with
a history of preoperative chemotherapy or radiotherapy;
histologic diagnosis of small cell carcinoma; and those with
incomplete data.
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Demographic, clinical variables, preoperative functional
status, tumor characteristics, intraoperative details, and
postoperative course were obtained from the institutional
database that included all patients who had undergone
thoracic surgery. The following risk factors were evaluated:
gender, smoking history, a history of previous thoracic
surgery, previous diseases, pulmonary functions, patient
health status, pathologic stage, type of surgery, and duration
of surgery. The postsurgical (pathologic) stages of the
patients were based on the seventh TNM Classification of
Malignant Tumors. Those patients who were diagnosed and
treated before 2009 were re-staged according to the revised
TNM Staging System (9). Histologic typing occurred
according to The World Health Organization Histologic
Typing of Lung Tumors (10). In classifying the severity of
patient comorbidities, each patient was scaled objectively
on the Charlson Comorbidity Index (CCI) based on
information collected from the patient medical records (11).
Hypertension was not classified as co-morbidity. The five-
grade classification of the American Society Anesthesiology
(ASA) was used as a composite index of a patient’s overall
health status. Never-smokers were defined as patients who
had never smoked or had smoked fewer than 100 cigarettes
in their lifetime. Postoperative complications were classified
as minor (non-life-threatening) and major (potentially life-
threatening), occurring within 30 days of surgery. Hospital
mortality included all deaths during the first 30 days after
operation, or during the postoperative hospital stay (12).

All patients were performed either by VATS or standard
posterolateral thoracotomy under general anesthesia with
single lung ventilation. Thoracoscopic lobectomy was
performed without any rib spreading with the thoracoscope
placed in the eighth intercostal space in the midaxillary line
and a 3-4 cm anterior utility incision in the fifth intercostal
space. The detailed technique of VATS lobectomy
employed at our institution has been previously described
elsewhere (13). Posterolateral thoracotomy in most patients
was performed with division of the latissimus dorsi muscle
and sparing of the serratus anterior muscle. All operations
were performed by the same surgical team with extensive
experience in thoracoscopic and open procedures. The
decision to employ either a VATS or thoracotomy approach
was made by the surgeon. The extended operation was
defined as the resection of a pulmonary lobe associated
with chest wall resection, additional parenchyma from an
adjacent lobe, major vascular resection, or bronchoplastic
procedure. After pulmonary resection, a complete
systemic mediastinal lymph node dissection or sampling is
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performed. Patient controlled intravenous analgesia (PCIA)
for postoperative pain relief was offered to all patients
regardless of the planned operative approach.

To determine if the utilization of VATS for lung
resection for NSCLC in elderly patients’ results in
decreased complications compared with thoracotomy, we
then performed a matched case-control study to evaluate
the perioperative outcomes after pulmonary resection by
VATS versus thoracotomy. Cases were defined as patients
undergoing VATS pulmonary resection, while controls were
those patients having a traditional thoracotomy. Controls
were individually matched to cases according to five
baseline variables by ratio 1:1. (I) Age: up to 2 years older
or younger; (II) gender: male, female; (III) the CCI: 0, 1, 2,
3; (IV) pathologic stage: I, II, I1la; (V) pulmonary resection
types: wedge resection or segmentectomy, lobectomy,
bilobectomy, extended resection. The perioperative
outcomes of two groups were compared.

A logistic regression model was used in univariate
and multivariate analyses to identify risk factors for
postoperative complications. The data are presented as
frequency and percentage for categoric variables and as
median and range for continuous variables. The Wilcoxon
rank test were used to compare continuous variables and the
%’ or Fisher exact tests were used for categorical variables
and a P value less than 0.05 was considered to be significant.
Variables with a P value less than 0.2 in univariate analysis
were entered into a multivariate analysis. The statistical
software SPSS 13.0 (SPSS Inc, Chicago, IL, USA) was used
for all analyses.

Results

Review of the prospective database of thoracic surgical cases
performed from January 2003 to December 2013 identified
476 patients who were greater than or equal to 70 years
old at the time of surgery and underwent lung resection
for NSCLC. Of these 410 patients ultimately underwent
thoracotomy, and 66 patients had a successful VATS
approach. There were 376 males and 100 females, ranging
in age from 70 to 87 years (median age of 73). Nineteen
(4.0%) patients were octogenarians.

Demographic and preoperative clinical characteristics are
shown in Table 1. There were 299 (62.8%) smokers or ex-
smokers and 177 (37.2%) non-smokers. The comorbidity
rate was 53.4% (254 of 476 patients) and CCl scores of 1, 2, 3,
or 4 were assigned to 143, 82, 25 and 4 patients, respectively.
Operative characteristics are listed in Zable 2. Squamous cell
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Table 1 Preoperative clinical characteristics

Characteristic Number of Percentage
patients (n=476)

Gender

Male 376 79.0

Female 100 21.0
Smoking

Yes 299 62.8

Present 121 25.4

Past 178 37.4

No 177 37.2
Preoperative weight loss 40 8.4
Previous thoracic surgery 4 0.8
Hypertension 183 38.4
Coronary artery disease 95 20.0
Diabetes mellitus 69 14.5
History of CVA/TIA 3il 6.5
COPD 57 12.0
BMI

<30 450 94.5

>30 26 6.5
Pulmonary function (FEV1%)

<70 178 37.4

>70 298 62.6
ASA score

1-2 296 62.2

3-4 180 37.8
CCl

0 222 46.6

1 143 30.0

2 82 17.2

3 25 5.3

4 4 0.8

CVA, cerebrovascular disease; TIA, transient ischemic
attack; COPD, chronic obstructive pulmonary disease; BMI,
body mass index; FEV1%, forced expiratory volume as a
percentage of forced vital capacity; ASA, American Society
of Anesthesiology; VATS, video-assisted thoracic surgery;
CCl, Charlson comorbidity Index.

carcinoma was the most common histologic type of cancer
(48.3%), followed by adenocarcinoma (42.2%). Pulmonary
resection was performed mainly for early disease stages
(stage I, 44.1%; stage II, 26.7%; stage III, 26.3%; stage 1V,
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Table 3 Complication (deaths excluded) profile®

Characteristic Number of Percentage
patients (n=476)
Tumor histologic type
Squamous cell carcinoma 230 48.3
Adenocarcinoma 201 422
Adenosquamous carcinoma 16 3.4
Bronchoalveolar carcinoma 15 3.2
Large-cell carcinoma 3 0.6
Others® 11 2.3
Pathologic stage
| 210 441
Il 127 26.7
Il 125 26.3
vV 14 2.9
Type of resection
Wedge/segment 49 10.3
Lobectomy 300 63.0
Bilobectomy 39 8.2
Extended” 58 11.1
Pneumonectomy 85 7.4
Surgical side
Right 290 60.9
Left 186 39.1
Surgical approach
VATS 66 13.9
Thoracotomy 410 86.1
Duration of surgery, min
<180 349 73.3
>180 127 26.7

2 Carcinoid, carcinosarcoma, neuroendocrine carcinoma; °,
lobectomy plus wedge, chest wall, major vascular resection
or bronchoplastic; VATS, video-assisted thoracic surgery.

2.9%). The following types of pulmonary resections were
performed: wedge resections or segmentectomies (10.3%),
lobectomies (63.0%), bilobectomies (8.2%), extended
resections (11.1%), and pnumonectomies (7.4%).

Overall operative mortality was 2.3% (11 patients).
The causes of death were respiratory failure (4 patients),
circulatory failure (3 patients), pulmonary embolus (3
patients), and toxic shock (1 patient). The mortality rate
for lobectomy was 1.0% (3 of 300 patients), extended
7.5% (4 of 53 patients), and pneumonectomy 11.4%
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VATS Thoracotomy All patients

VRS (15/60) (26/60)  (169/476)

Minor 8 16 105
Supraventricular arrhythmia 4 9 71
Delirium® 6 5 24
Prolonged air leak (>7 days) 2 4 29
Atelectasis 4 6 31
Wound infection 0 1 4

Major 7 10 64
Pneumonia 6 7 51
ARDS 0 1 2
MODS 0 1 2
Stroke 0 1 1
Stress ulcer 0 1 3
Myocardial infarction 0 1 2
Circulatory failure 0 1 8
Respiratory failure 1 5) 26
Toxic shock 0 1 1
Pulmonary embolus 0 1 4
Reoperation for bleeding 0 1 2
Bronchopleural fistula 0 0 4
Chylothorax 0 0 1

¢, some patients had >1 complication; b all 24 patients in
our study were in a mild or moderate acute confusional state
based on the CAM-ICU, Confusion Assessment Method-
Intensive Care Unit; VATS, video-assisted thoracic surgery;
ARDS, adult respiratory distress syndrome; MODS, multiple
organ dysfunction syndrome.

(4 of 35 patients, two left sided and two right sided). The
number of deaths was too low to identify any significant
risk factors. Postoperative complications are demonstrated
in Table 3. The overall morbidity was 35.5% (169 patients).
Minor complications occurred in 105 patients (22.1%) and
major complications developed in 64 patients (13.4%).
Two complications were seen in 41 patients (8.6%), and
20 patients (4.2%) developed three or more complications.
The most common complications were supraventricular
arrhythmia (14.9%) and pneumonia (10.7%). Only two
patients underwent reoperation for postoperative bleeding.
On univariate analysis using the predictors listed in
Table 4, smokers (P=0.032), CCI scores of 3-4 (P=0.001),
pneumonectomy (P=0.016), and a prolonged surgery
(P=0.003) were significantly associated with the occurrence
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Variable Category

OR 95% ClI P value

Multivariate
Gender Male
Smoking Yes
Coronary artery disease Yes
CCl 3-4/0-2
Pneumonectomy Yes

Duration of surgery, min

of complications. Gender, previous thoracic surgery,
hypertension, diabetes, congestive heart failure, coronary
artery disease, history of cerebrovascular disease (CVA)/
transient ischemic attack (TTA), chronic obstructive
pulmonary disease (COPD), pulmonary functions, body
mass index (BMI), ASA, and pathologic stage were not
significant predictors of complications. After multiple
logistic regression, three independent risk factors for
postoperative complications were identified: CCI scores
>3 (OR =29.95, 95% CI, 6.91-129.88), pneumonectomy
(OR =2.26, 95% CI, 1.09-4.71), and prolonged surgical
time (OR =1.93, 95% CI, 1.24-3.00).

After matching for age, gender, the CCI, pathologic
stage, and the type of resection, there were 120 patients
eligible for analysis, 60 patients in each group. There were
no conversions to thoracotomy in the VATS group. The

© Pioneer Bioscience Publishing Company. All rights reserved.

>180/<180

0.80 0.45-1.43 0.45
1.38 0.89-2.21 0.19
iF25 0.74-2.11 0.41
29.95 6.91-129.88 <0.001
2.26 1.09-4.71 0.029
1.93 1.24-3.00 0.003

patients in each group were well-matched with respect to
preoperative characteristics (Zable 5). The median age of
patients was 75 years, and there were a higher proportion
of men (70%). With respect to smoking status, previous
diseases, pulmonary functions, ASA, histologies, and tumor
size, no significant difference was noted (Table 5).
Perioperative outcomes are listed in Table 5. Patients
in the VATS group had a shorter length of stay compared
with those in the thoracotomy group (median 19 days,
range 12 to 35 days versus median 21 days, range 13 to
38 days, P=0.013). In addition, the VATS group had a
significantly lower rate of complications compared with
the thoracotomy group (25.0% vs. 43.3%, P=0.034). When
separated into severity of complications, VATS patients
had a decreased incidence of major complications (13.3%)
compared with open thoracotomy patients (26.7%). There
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Characteristic VATS (n=60) Thoracotomy (n=60) P value

Gender, n (%) @
Female 18 (30.0) 18 (30.0)
Male 42 (70.0) 42 (70.0)

Pathologic stage, n (%)

| 49 (81.7) 49 (81.7)
Il 8 (13.3) 8 (13.3)
ne 3 (5.0) 3 (5.0)

Smoking, n (%) 33 (55.0) 37 (61.7) 0.459

Coronary artery disease, n (%) 15 (25.0) 10 (16.7) 0.265

History of CVA/TIA, n (%) 46.7) 8 (13.3) 0.227

FEV1% [range] 76 [51-95] 76 [52-95] 0.933

Histology, n (%) 0.824
Adenocarcinoma 31 (51.7) 34 (56.7)
Squamous 19 (31.7) 18 (30.0)
Others® 10 (16.7) 8 (13.9)

Perioperative outcome

Conversions, n (%) 0 - -

Length of stay [range], days 19 [12-35] 21 [13-38] 0.013
Complications, n (%) 15 (25.0) 26 (43.3) 0.034
Death, n (%) 0 2 (3.3) 0.159
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was no significant difference in the incidence of minor
complications. There were no perioperative deaths in the
VATS group, whereas there were two deaths (3.3%) in
the thoracotomy group although this difference was not
statistically significant (P=0.159). One patient died of toxic
shock and one died of respiratory failure.

Discussion

This study demonstrates that pulmonary resection can
be performed for NSCLC in patients older than 70 with
acceptable overall morbidity and mortality (2.3% and
35.5%, respectively). These results are in the range of those
published from other multiinstitution and single-institution
series (14-16).

Our findings support those of previously published
reports that have suggested that age should not be the
sole determinant when considering surgery as a treatment
option for lung cancer (4,5). In addition, chronologic age
is not an absolute risk factor for morbidity and mortality
after lung resection. In the present study age was also not a
significant risk factor for complications. A number of recent
studies have indicated that in carefully selected elderly
patients, pulmonary resection can be performed safely
with mortality rates similar to that seen in their younger
counterparts (14,16-18) The favorable data demonstrated
that elderly lung cancer patients should not be denied the
curative surgery based on their chronologic age.

The most common reported complications are
arrhythmia (range, 4% to 14%) and air leak (range, 7% to
11%) (4,14,17,19), while the most frequently complications
in our study were arrhythmia (14.9%) and pneumonia
(10.7%). The incidence of air leak lasting more than 7 days
was 6.1%. The different diagnostic criteria may partially
explain the difference. According to previous literature,
prolonged air leakage was defined as that persisting for
more than 5 days (17) or 14 days (20), whereas the criteria
for persistent air leak in our study was more than 7 days.
Extreme variability in terms of incidence of pneumonia
after lung resection was reported in both retrospective
and prospective studies, with values ranging from 2% to
40% (21). The incidence of postoperative pneumonia in
our series was in agreement with the previously published
studies. Such variability probably depends on the
characteristics of studied populations, antibioprophylaxis,
the type of resection, and postoperative management.

The operative mortality rate of 2.3% is well within the
range published by other investigators, who reported a
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hospital mortality ranging from 1.2% to 12.8% (14,17,19).
The number of deaths was too low to identify any
significant risk factors. We consider that selection bias may
have played a role in our favorable results. That is because
patients who had a history of neoadjuvant therapy were
excluded and these patients most probably represent a
group with advanced stage non-small lung cancer.

The CCI in general has been found to be an important
prognostic factor in patients operated for cancer (11). Several
studies have demonstrated that a Charlson comorbidity grade
of 3 to 4 was significantly associated with major complications
of surgery in NSCLC patients (7,17). In this study we also
found that the CCI is a strong predictor of complications of
surgery than individual risk factor in NSCLC elderly patients.

The present study demonstrated that the duration of
surgery was one independent significant risk factor for
complications. Licker et a/. showed that prolonged surgery
(2120 min) was independently associated with an increased
risk for postoperative complications (22). In our series,
the morbidity rate was higher in patients with surgery
time >180 min (46.5%) than in patients with surgery time
<180 min (31.5%). Surgery time can be influenced by the
patient’s status, the complexity of surgery, the surgical
approach, and the surgeon’s skill-level. In addition,
patients with severe adhesions or incomplete fissures
would require longer operating times. We therefore
suggest that operations for elderly patients should be
performed by a skillful and experienced surgical team and
the surgery duration should be limited to the shortest
possible time.

The incidence of postoperative complications and the
mortality rate in patients who underwent pneumonectomies
(morbidity rate, 54.3%; mortality rate, 11.4%) were clearly
more than patients who had undergone lesser lung resections
(wedge resections and segmentectomies), lobectomies,
bilobectomies, or extended resections. Several previous
studies have reported that pneumonectomy, especially right-
sided pneumonectomy, is associated with higher incidence
of postoperative complications when compared with limited
resections (12,23). However, Ginsberg et 4l. (24) showed a
lower mortality rate in pneumonectomies in elderly patients
(5.9%) compared with lobectomies (7.3%). Also in our series
no significant difference was observed between right-sided
pneumonectomy and left-sided pneumonectomy. Patient
selection bias and low statistical power may account for this
observation. Thus, it is still advisable that pneumonectomy
should be undertaken with caution, but not avoided if a
curative resection can be achieved.
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VATS has been proven to be associated with low morbidity
and mortality (25). In addition, some authors have reported
that postoperative pulmonary function after VATS is better
compared with the traditional thoracotomy (26). However,
relatively few studies have been done to evaluate the use
of VATS in elderly patients (27), or in octogenarians (28).
Few studies have showed that a minimally invasive surgery
to pulmonary resection results in fewer complications in
elderly patients (29), or in octogenarians (30). In the present
study we observed that the VATS group had a lower rate of
complications and a shorter median length of stay compared
with the thoracotomy group. Moreover, VATS patients had
a decreased incidence of major complications compared with
patients undergoing thoracotomy. However, Koizumi and
his colleagues failed to show any difference in morbidity
or mortality between VAT'S and standard thoracotomy in
elderly patients (28). This was partially due to a low statistical
power (17 thoracoscopy, 15 thoracotomy).

There are strengths and limitations to every study. The
main strength of this study is that, compared with other
studies, we performed a matched case-control study to
eliminate selection bias as rigorously as possible outside of
the setting of a randomized, prospective study. Although
it is impossible to completely control selection bias in
a retrospective study, we attempted to control for all
knows contributors. The main limitation of this study is
the retrospective nature. Although the data in this study
were collected prospectively, the analysis was performed
retrospectively. Therefore, unknown confounding variables
and inherent selection biases could exist.

Conclusions

In conclusion, pulmonary resection for non-small cell lung
carcinoma is justified in patients older than 70 years and its
morbidity and mortality are acceptable. On the basis of our
findings we concluded that those patients with CCI scores
>3, those who undergo pneumonectomy, and those with a
prolonged surgery are more likely to suffer postoperative
complications and therefore need to be closely monitored.
Compared with standard thoracotomy, a thoracoscopic
approach is associated with a lower incidence of
postoperative complications and may prove to be preferable
for the elderly patients.
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