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Background: The number of elderly patients undergoing lung resection for lung cancer is continuously
increasing. This study investigates the risk factors for postoperative complications in elderly lung cancer
patients and the role of surgical approach in early postoperative outcome.
Methods: We reviewed all consecutive patients who underwent anatomical resection for early stage T1/2
lung cancer in a curative intent between January 2016 and November 2018 at our institution. Clinical data,
postoperative complications, hospital stay and 30- and 90-day mortality were prospectively collected.
Results: A total of 505 (278 male) patients were included. One hundred ninety patients (38%) were
≥70 years of age. Forty-eight percent (n=241) had thoracotomy, 52% (n=264) were operated with videoassisted or robot-assisted thoracoscopy. Major cardiopulmonary complications were observed in 4.2%
(n=21) patients. There was no significant difference in major cardiopulmonary complication rate following
minimally invasive surgery between patients above or below 70 years of age (4.3% vs. 2.5%, P=0.47). In
contrast, major cardiopulmonary complication rate was significantly higher in elderly thoracotomy patients
than in patients below 70 years of age (9.9% vs. 2.6%, P=0.035). Elderly patients operated minimally invasive
had a significantly shorter hospital stay compared to open approach (8.1 vs. 11.9 days, P<0.0001). Thirtyand 90-day mortality was comparable with 1.4% and 1.5%, respectively.
Conclusions: Pulmonary resection for lung cancer in elderly patients is safe and can be performed with
a low morbidity and mortality. However, our results indicate that minimal invasive surgery leads to reduced
postoperative complications especially in elderly and should be the preferred approach.
Keywords: Early stage lung cancer; thoracotomy; minimally invasive surgery; elderly; cardiopulmonary
complication
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Introduction
Lung cancer is the leading cause of cancer deaths in Europe,
accounting for an estimated 388,000 deaths in 2018 (1).
Radical surgical resection still is the main curative treatment
modality for patients with early stage lung cancer, even for
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high-risk patients, including high age (2,3).
Due to ageing population a worldwide increase of surgery
for lung cancer in elderly patients is being observed (4). The
definition of elderly varies in different publications. While
the World Health Organization defines elderly as persons
over the age of 65 there is a clear trend to an upward shift
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over the last years, reaching up to octogenarians.
Surgery in elderly can be associated with a relatively high
perioperative morbidity of up to 55.8% (5-7). However,
chronological age alone is not anymore a contraindication
for lung cancer surgery (8-10). Recent publications have
shown an acceptable postoperative morbidity and mortality
in elderly patients (11,12). Even in octogenarians, the
morbidity and the mortality rates were 8.4–48.0% and 1.1–
8.8%, respectively; the 5-year overall survival rate was 27.0–
57.5% (12). A thorough preoperative functional evaluation
can guide the clinically challenging decision, taking the
variety of comorbidities as well as the functional, nutritional
and social status into consideration.
A number of papers tried to answer the question whether
lung cancer surgery is justified in elderly patients or not
(13-15). Risk factors included male gender and operation
time (12). However, there is only limited evidence regarding
the role of surgical approach in the early postoperative
outcome in these patients (11). Minimal-invasive techniques
including video-assisted thoracoscopic surgery (VATS)
represent a safe and efficient surgical approach for earlystage lung cancer in elderly patients (16). VATS is
recommended as an acceptable approach for early stage
lung cancer (17) (NCCN 2019).
The aim of the study is to investigate the risk factors of
postoperative complications in elderly (>70 years of age)
early-stage lung cancer patients at our institution and to
answer the question which surgical approach leads to a
better early postoperative outcome.
Methods
A retrospective analysis was performed in patients who
underwent curative intent anatomical resection for
histologically confirmed, clinical stage T1/2 lung cancer
(UICC 7th edition of TNM classification and staging
system) at our institution. Our prospectively maintained
ESTS database of all patients undergoing thoracic surgery
for lung cancer was used to identify those patients. Written
informed consent was given by all patients and the study
was conducted following the approval of the local Ethics
Committee (18-8030-BO). Patients with small cell lung
cancer, preoperative chemo- or radiotherapy were excluded.
Clinical characteristics included age, gender, BMI,
functional status, preoperative comorbidity, lung function,
tumor histology, clinical and pathological stage (C-stage and
P-stage), operative procedure and approach, postoperative
cardiopulmonary complications, 30- and 90-day mortality
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and length of hospital stay. All patients were staged
according to the UICC 7th edition of TNM classification
and staging system. The extent of lung resection was
determined based on the preoperative evaluation criteria
proposed by the ESTS-guidelines (8).
All procedures were performed under general
anesthesia with single lung ventilation. Postoperative
pain management was provided either by continuous
administration of epidural (usually fentanyl with bupivacaine
0.05%) until chest drain removal or a combination of an
opioid (oxycodone) with a nonsteroidal anti-inflammatory
medication (metamizole) at the maximum dose. In all
minimal-invasive procedures and in cases where an
epidural anesthesia was contraindicated an intercostal block
(20 mL Ropivacaine 1%) was utilized. After surgery, all the
patients participated in active physiotherapy provided by
the physiotherapy department of the certified lung cancer
center.
The minimal-invasive approach was the preferred
approach. It was the surgeon’s decision to do a uni-, bi- or
triportal VATS. Robotic-assisted thoracoscopic surgery
(RATS) was done using the Da Vinci robotic system with
the 3- or 4-arm robotic approach in selected patients.
Conversion from VATS or RATS to a thoracotomy
was performed in case of an uncontrollable bleeding or
extended adhesions. An open approach (anterolateral,
muscle-sparing thoracotomy) was chosen in case of central
tumors, bronchial or vascular sleeve resections or extended
adhesions. A complete systematic mediastinal and hilar
lymph node dissection was performed in all operations (18).
Major cardiopulmonary (MCP) complications were
defined according to general thoracic surgery database
definitions of the European Society of Thoracic
Surgery (ESTS) and Society of Thoracic Surgery (STS)
definition (19) as pneumonia, respiratory failure, acute
respiratory distress syndrome (ARDS), atelectasis requiring
bronchoscopy, initial ventilator support >48 h, reintubation,
atrial and ventricular arrhythmias, myocardial infarction,
arrhythmia, renal failure, cerebrovascular complications,
deep vein thrombosis (DVT) and pulmonary embolism.
Operative mortality was defined as all, in- or out-hospital
deaths occurring within 30 or 90 days of surgery. The
incidence of postoperative cardiopulmonary complications,
length of hospital stay and early postoperative outcome (30and 90-year mortality) were recorded.
The data are presented as frequency and percentage
for categorical variables and as median and range for
continuous variables. The Wilcoxon rank test were used to
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compare continuous variables and the chi-square or Fisher’s
exact tests were used for categorical variables. P value less
than 0.05 was considered significant. The statistical software
GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA,
USA) was used for all analyses.
Results
The review of the prospective thoracic surgical cases
performed from January 2016 to November 2018 identified
505 patients who fulfilled the inclusion criteria. There
were 278 males and 227 females, ranging in age from 39
to 88 years (median age of 66). Two groups were studied
according to age (<70 years old, 315, 62% and ≥70 years
old, 190, 38%) (Table 1). A significantly higher proportion of
the elderly patients were male (65%, P=0.009). There was
no difference in the preoperative lung function parameters
FEV1% and DLCO% (Table 1). Of note, we found a small
but significant increase in the proportion of patients with
higher BMI (>30) in the below 70 years old subcohort. The
main histology was adenocarcinoma (56%) followed by
squamous cell carcinoma (32%) and others (12%). Of note,
squamous cell carcinoma was significantly more frequent
in elderly patients when compared to younger ones (39%
vs. 29%). Pathological T2 tumors were significantly more
frequent in elderly individuals in comparison to younger
patients (49% vs. 40%, P=0.033). The predominant
resection type was lobectomy and bilobectomy, whereas
pneumonectomy was only performed in 4 patients of each
group. Sublobar resection was performed in 7% of all
cases. Regarding surgical approach there was no significant
difference between elderly or younger patients. In each
age group an analysis regarding the surgical approach
(minimal-invasive vs. open) was performed. There was
a balance between open and minimal-invasive approach
(52% vs. 48%). Of all patients, 241, 218 and 46 underwent
thoracotomy, VATS and RATS, respectively (Table 1).
With regards to the comparison of minimally invasive
and open groups, open approach was more often employed
in male patients while female patients were more frequently
operated by a minimally invasive technique (Table 2).
Furthermore, the lung function parameters were in part
different in the two operation technique groups (Table 2).
As expected, the hospital stay was significantly shorter for
patients with minimally invasive operations.
The overall complication rate was 26% in the whole
cohort. Table 3 lists all the postoperative complications in
detail. The only significant difference was found in atrial
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fibrillation (P=0.028). The overall complication rate was
significantly higher in the elderly group (33% vs. 22%,
P=0.0085) (Figure 1). Major cardiopulmonary complications
were observed in 4.2% (n=21) patients. One out of 8
pneumonectomy patients had MCP (12.5%), while MCP
rates in sublobar resection (2.9%) and (bi)lobectomy (4.1%,
P=1.0) were similar. There was no significant difference
in major cardiopulmonary complication rate following
minimally invasive surgery between patients above or
below 70 years of age (4.3% vs. 2.5%, P=0.47). In contrast,
major cardiopulmonary complication rate was significantly
higher in elderly thoracotomy patients than in patients
below 70 years of age (9.9% vs. 2.6%, P=0.035) (Table 4,
Figure 2). There was a significant difference in MCP when
comparing open and minimal-invasive technique taking age
into account (P=0.025). The hospital stay was significantly
shorter in elderly patients operated by minimal-invasive
compared to open approach (8.1 vs. 11.9 days, P<0.0001).
Thirty- and 90-day mortality was comparable with 1.4%
and 1.5%, respectively.
Finally, we further analysed the elderly patient cohort
in terms of gender, preoperative lung function and BMI
focusing on the open and minimally invasive techniques.
Table 5 shows that elderly thoracotomy patients had worse
lung function and were more frequently male or obese.
Important to note that despite these findings two thirds of
the patients with MCP had above 80 FEV1% and more
than half of them above 80 DLCO% which is a higher
proportion than in the overall patient cohort.
Discussion
Surgery for lung cancer in elderly patients is increasing
worldwide. In the past years, many centers investigated
the safety and outcome of lung cancer surgery in elderly
patients, mostly in Asian population.
In our study, we collected data of Caucasian patients with
clinical T1/2 lung cancer. In our cohort a low incidence
of major cardiopulmonary complications was observed. In
the minimally invasive cohort, we found no significantly
higher rate of major cardiopulmonary complications
in the elderly when compared to the younger patients.
The main finding was that elderly patients operated by
minimal-invasive approach had a significantly lower rate
of major cardiopulmonary complications than the elderly
thoracotomy group. This suggests that elderly patients
may profit more from a minimal-invasive approach. This
is consistent with the findings of other authors (14). Port
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Table 1 Preoperative comparison of demographics for elderly and younger patients
Variable
Age (mean ± SD)
Gender (male)

Total (n=505)

<70 years (n=315)

≥70 years (n=190)

P

65.9±9.1

60.4±6.4

75.2±3.9

NA

278

155 [49]

123 [65]

0.0009

FEV1%

0.853

≥80

272

161 [52]

95 [51]

<80

227

150 [48]

93 [49]

DLCO%

0.646

≥80

102

61 [20]

41 [22]

<80

383

240 [80]

143 [78]

BMI

0.04

<30

386

231 [73]

155 [82]

≥30

118

83 [27]

35 [18]

Histology

0.046

ADC

284

190 [60]

94 [50]

SCC

163

90 [29]

73 [38]

Other

58

35 [11]

23 [12]

T descriptor

0.15

pT1a

101

70 [22]

31 [16]

pT1b

185

120 [38]

65 [34]

pT2a

168

97 [31]

71 [38]

pT2b

51

28 [9]

23 [12]

Surgery

0.275

Thoracotomy

241

149 [47]

92 [49]

VATS

219

133 [42]

86 [45]

RATS

45

33 [11]

12 [6]

Resection

0.54

Sublobar

34

19 [6]

15 [8]

(bi)lobectomy

463

292 [93]

171 [90]

8

4 [1]

4 [2]

26% (n=130)

22% (n=68)

33% (n=62)

0.0085

1.4% (n=7)

0.6% (n=2)

2.6% (n=5)

0.1095

Pneumonectomy
Complication rate
In-hospital mortality

BMI, body mass index; ADC, adenocarcinoma; SCC, squamous cell carcinoma; VATS, video-assisted thoracoscopic surgery; RATS,
robotic-assisted thoracoscopic surgery.
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Table 2 Comparison of patients according to open and minimal
invasive (MI) approach
Variable

Total (n=505)

Open
(n=241)

MI
(n=264)

Gender

Table 3 Incidence of postoperative complications grouped by age
Complications

P

<70 years (n=315) ≥70 years (n=190)

Minor

<0.0001

Air leak >5 d

30 (9.5)

20 (10.5)

Male

278

155

123

Atelectasis

4 (1.3)

1 (0.5)

Female

227

86

141

Chylothorax

4 (1.3)

2 (1.0)

Recurrent nerve palsy

1 (0.3)

3 (1.6)

Subcutaneous
emphysema

1 (0.3)

0

Wound infection

1 (0.3)

0

Other

3 (0.9)

2 (1.0)

Atrial fibrillation

5 (1.6)

10 (5.3)

Bronchopleural fistula

1 (0.3)

1 (0.5)

Deep vein thrombosis

1 (0.3)

0

Empyema

1 (0.3)

2 (1.0)

Multiorgan failure

1 (0.3)

1 (0.5)

Pneumonia

2 (0.6)

3 (1.6)

Pulmonary embolism

1 (0.3)

0

Renal failure

1 (0.3)

1 (0.5)

Reoperation for bleeding

3 (0.9)

2 (1.0)

Age

0.854

<70

315

149

166

≥70

190

92

98

FEV1%

0.059

≥80

272

113

149

<80

227

123

114

DLCO%

Major cardiopulmonary
0.019

≥80

102

38

64

<80

383

193

190

BMI

0.004

<30

386

170

216

≥30

118

70

48

T

0.073
1

12

126

159

2

3

115

105

Resection

0.0011

Sublobar

34

22

12

(bi)lobectomy

463

211

252

8

8

0

Pneumonectomy
Complications

0.26

MCP

21

13

8

No MCP

484

228

256

9.1±6

10.6±7.1

7.7±4.3

Hospital stay, mean
± SD

<0.0001

BMI, body mass index; MCP, major cardiopulmonary
complications.

and colleagues reported that VATS independently predicted
less postoperative complications after lobectomy for
NSCLC in octogenarians (20). Cattaneo et al. found that
postoperative complications after pulmonary lobectomy in
an elderly patient population occurs with a lower frequency
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with a minimally invasive VATS approach compared with
a traditional, rib-spreading thoracotomy (21). Stamenovic
et al. stated a significantly lower rate of pulmonary
complications in VATS patients in patients older than
70 years (22). In the study by Cattaneo et al., the rate of
pulmonary complications in the thoracotomy group was
slightly higher than in the VATS group. This is similar to
our finding supporting that minimal-invasive approach
limits the chest wall trauma, which in turn lowers the
pulmonary morbidity (21).
In our series, the operative mortality was lower than that
in other series (23), probably because of the higher number
of octogenarians and the relatively large number of patients
with pneumonectomy in their cohorts.
Shorter length of hospital stay in elderly patients
operated by minimal-invasive approach compared to open
approach is consistent with many authors (23). In our study,
we observed that the minimal-invasive group had a shorter
median length of stay compared with the thoracotomy
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complications (%)

Major cardiopulmonary

Overall complications (%)

40

0
<70 years

8
6
4
2
0

≥70 years

Open

Figure 1 Overall complication rate in both age groups.

MI
Age ≥70 y

Open

MI

Age <70 y

Figure 2 Major cardiopulmonary complications in open and
minimal-invasive cohort. MI, minimal invasive.

Table 4 Comparison of the incidence of major cardiopulmonary
complications according to open and minimal invasive (MI)
approach
Variable

Open (n=241) (%)

Table 5 Preoperative comparison of the elderly patients by
operation technique

MI (n=264) (%)

Age

Variable

Open (n=92)

MI (n=98)

P

68

55

0.0148

≥80

38

54

0.056

<80

52

41

≥80

12

27

<80

79

64

<30

69

86

≥30

23

12

<70

2.6

2.5

Gender (male)

≥70

9.9

4.3

FEV1%

FEV1%
≥80

7.1

3.9

<80

4.1

1.8

DLCO%

DLCO
≥80

13.1

6.2

<80

4.1

1.6

BMI

BMI
<30

5.9

1.8

≥30

4.3

8.3

1

4

3.8

2

7

1.9

0.007

0.026

BMI, body mass index; MI, minimal invasive.

T

BMI, body mass index.

group by 3.8 days. The difference is even more obvious
than in the group Cattaneo investigated (21). In the era of
enhanced recovery after surgery (ERAS) (24) the utilization
of minimal-invasive techniques, especially in high-risk
patients will increasingly play a pivotal role.
Our study tried to answer a relevant and timely issue
in an era of increasingly ageing lung cancer patients
presented for surgery. The patient data collection including
the complications using the ESTS database guaranteed
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a uniform and consistent recording. However, this study
has some limitations. Due to its retrospective design there
is a selection bias. In our study elderly was defined as age
≥70 years, and this varies in literature. Furthermore, we
did not match patients in the groups. Nevertheless, both
age groups were balanced with no major differences in
the pattern of the different clinicopathological variables.
Moreover, it was the surgeon’s decision what kind of
minimal-invasive approach to be used. In our study, we
focused on clinical T1/2 lung cancer patients.
Our study emphasizes that pulmonary resection for lung
cancer in elderly patients is safe and can be performed with
a low morbidity and mortality. In this high-risk population,
the utilization of minimal-invasive surgery is associated with
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a reduced rate of major cardiopulmonary complications
and may therefore be the preferred approach. Additional
prospective studies are needed to confirm these findings.
4.
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