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Background: The aim of this study was to compare the perioperative outcome of patients receiving 
anatomic segmentectomy either by open surgery or video-assisted thoracoscopic surgery (VATS). To assess 
the short-term morbidity of the procedure itself, lung cancer patients in all stages as well as patients with 
pulmonary metastases and benign lesions scheduled for segmental resection were enrolled in this study.
Methods: A retrospective analysis of prospectively collected data on 445 consecutive patients that 
underwent segmentectomy either by VATS (n=233) or thoracotomy (n=212) was performed. A propensity-
matched analysis was conducted based on age, gender, smoking history, histology, tumor size, forced 
expiratory volume in 1 second (FEV1) and history of previous pulmonary resections. The matched sample 
included two groups of 140 patients each.
Results: Both study groups were comparable with respect to age, gender, smoking history, diagnosis, tumor 
size, pulmonary function and history of previous pulmonary resections. VATS segmentectomy was associated 
with decreased length of stay (7.4 vs. 9.5 days, P<0.001), drainage treatment time (4.7 vs. 5.9 days, P=0.012) 
and severe postoperative complications (1.4% vs. 7.1%, P=0.018).
Conclusions: VATS segmentectomy is safe and effective for the treatment of benign and malignant 
pulmonary lesions. Compared with open thoracotomy, it is associated with shorter hospitalization time 
and decreased number of severe complications. The preservation of functional lung tissue, combined 
with a minimally invasive approach, make VATS segmentectomy highly suitable for patients with reduced 
pulmonary function or severe comorbidities.

Keywords: Segmentectomy; video-assisted thoracic surgery (VATS); lung cancer; pulmonary metastases; benign 

pulmonary lesions

Submitted Jan 11, 2018. Accepted for publication Mar 22, 2018.

doi: 10.21037/jtd.2018.05.80

View this article at: http://dx.doi.org/10.21037/jtd.2018.05.80

3660



3652

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(6):3651-3660jtd.amegroups.com

Lopez-Pastorini et al. Open and VATS segmentectomy for the treatment of pulmonary lesions

Introduction

Anatomic lobectomy is considered the standard of care 
treatment for early stage lung cancer (1,2). Given similar 
rates of morbidity and survival, segmentectomy may 
be a less invasive alternative in tumors of less than two 
centimeters in size (3-6). Nonetheless, sublobar resection 
is considered inadequate in larger lesions (1,2,7). In 
compromised patients, not suitable for lobectomy, however, 
segmentectomy might offer the best chance of curative 
resection. Also, in the treatment of centrally located or 
multiple metastases, where wedge resection would not 
achieve a complete resection, segmentectomy can provide 
radicality and preserve functional lung tissue (8-10). 

Compared with open surgery, video-assisted thoracoscopic 
surgery (VATS) for the treatment of lung cancer is associated 
with less perioperative morbidity, less pain and shorter 
hospitalization without compromising oncological outcomes 
(11-13). Regarding the application of VATS techniques 
on anatomic segmentectomy, recent studies showed fewer 
pulmonary complications, decreased hospital length of 
stay and similar long-term survival compared with open 
segmentectomy (14-17). The validity of these results, 
however, is limited by small numbers of patients, lack of 
matching or use of registry data. Furthermore, most studies 
focused solely on lung cancer patients and early-stage tumors. 

The aim of this study was to compare the perioperative 
outcome of patients receiving anatomic segmentectomy 
either by open surgery or VATS. To assess the short-term 
morbidity of the procedure itself, lung cancer patients in 
all stages as well as patients with pulmonary metastases 
and benign lesions scheduled for segmental resection were 
enrolled in this study. 

Methods

Patients

Between January 2009 and December 2015, data were 
prospectively collected of 7,037 consecutive patients that 
underwent thoracic surgery at the Hospital of the City of 
Cologne. Patients’ characteristics, operative procedures and 
postoperative outcome were assessed with a standardized 
data entry form. The data of all patients treated with 
anatomic segmentectomy for lung cancer, pulmonary 
metastases or benign pulmonary lesions were identified and 
extracted from the hospital’s database. A total of 445 patients  
were included and retrospectively analyzed. The study 
protocol was approved by the Institutional Review Board 

of the Hospital of the City of Cologne, Germany (No. 
126/2016). Informed consent was obtained from all patients.

All patients underwent preoperative tumor staging using 
PET-CT and magnetic resonance imaging (MRI) of the 
brain. In case of suspected N2-N3 disease endobronchial 
ultrasound (EBUS) bronchoscopy or mediastinoscopy was 
performed. The collected variables were the following: 
host factors were age, gender, smoking history, forced 
expiratory volume in 1 second (FEV1) and the diffusing 
capacity of the lung for carbon monoxide (DLCO). 
Pathological parameters were histological subtype, tumor 
size, pathological stage (pTNM) and radicality of resection. 
Operative variables were surgical technique (open vs. VATS 
segmentectomy) location of segmentectomy and duration 
of the procedure. The indication for open versus VATS 
segmentectomy was discussed in the interdisciplinary 
conference of the thoracic surgeons in our institution. All 
operations were conducted from five consulting thoracic 
surgeons in our affiliation. Collected postoperative data 
were time of hospitalization, chest tube duration and 
postoperative morbidity and mortality. 

Operative techniques

All operations were performed under general anesthesia 
with one-lung ventilation. Open segmentectomy was 
performed by muscle-sparing anterolateral thoracotomy. 
VATS segmentectomy was performed either by single-, 
two- or three-port technique with a four-centimeters 
anterior access incision. In case of a multi-port access one 
or two additional one-centimeter incisions were performed. 
Anatomic segmentectomy was performed by dissection 
and division of the segmental vein, artery and bronchus. 
The parenchyma was divided after insufflation of the lung 
and macroscopic assessment of the intersegmental borders 
using stapling devices, bipolar scissors or high energy 
devices. In case of the use of bipolar scissors or high energy 
devices, parenchyma was dissected between the neighboring 
segmental veins and closure was achieved by running 
suture adapting the visceral pleura, taking caution of not 
entangling the neighboring vessels.

Follow-up

Postoperative complications were defined as deviation 
from the normal postoperative course within 30 days after 
surgery. Severe complications recorded were respiratory 
failure, pneumonia, myocardial infarction and postoperative 
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stroke. Further complications noted were atrial fibrillation, 
prolonged air leak (>7 days), pneumothorax, postoperative 
bleeding, wound infection, abdominal complications 
(postoperative ileus, gastrointestinal bleeding or acute 
mesenteric ischemia) and recurrent laryngeal nerve injury. 

Statistical analysis

Statistical evaluation was conducted with SPSS (IBM Corp., 
Released 2012, IBM SPSS Statistics for Windows, Version 
21.0. Armonk, USA). The χ²-test was used for comparison 
of categorical variables. Comparison of means was 
performed by the unpaired t-test or Mann-Whitney U test 
as appropriate. P values <0.05 were considered significant. 

To control for confounding influences a propensity score 
analysis using the SPSS custom dialog was conducted. In 
a first step the propensity score, i.e., the probability to be 
treated with VATS or open surgery, was estimated using 
logistic regression. The variables age, gender, smoking 
history, histology, tumour size, FEV1 and history of 
previous pulmonary resections were used as covariates. After 
estimation of the propensity score, patients were matched 
using a simple 1:1 nearest neighbour matching algorithm, 
imposing a caliper width of 0.1. No imbalances remained as 
assessed through univariate (χ2) and multivariate (L1) tests. 
All measures indicated that the propensity score matching 
improved the overall balance. The matched sample included 
a total of 280 patients, evenly distributed in the two groups 
(open segmentectomy versus VATS segmentectomy). There 
were no differences regarding any of the variables used as 
covariates in the matching process.

Results

Clinical characteristics and surgical procedures

From January 2006 to December 2015, 233 patients (52.4%) 
underwent segmentectomy by open thoracotomy and 212 
patients (47.6%) by VATS. The frequency distribution 
of both procedures performed per study year is depicted 
in Figure 1. Clinical characteristics and the pathological 
data of the lung cancer patients are shown in Tables 1,2, 
respectively. 

There were no differences in age, gender, smoking 
history, diagnosis, histology of lung cancer and history of 
previous pulmonary resections. However, patients in the 
open segmentectomy group had lower preoperative FEV1 
(P=0.009) and DLCO values (P=0.024) as well as a larger 
tumor size (P<0.001). 

In patients with primary lung cancer, the most frequent 
histologic subtypes were adenocarcinoma (207 cases; 
61.2%) and squamous cell carcinoma (71 cases; 21%). The 
most common primary tumors in patients with pulmonary 
metastases were colorectal carcinoma (28 cases; 38.4%), 
transitional cell carcinoma in (9 cases; 12.3%), breast cancer 
(8 cases; 11%) and lung cancer (7 cases; 9.6%). The most 
frequent benign lesions were pulmonary infiltrates (11 
cases; 20.4%), bronchiectasis (9 cases; 16.7%) and localized 
fibrosis (8 cases; 14.8%). 

A total of 69 (21.7%) patients treated for lung cancer 
and 15 patients (20.5%) treated for metastases had a 
surgical history of previous anatomic pulmonary resection 
(lobectomy or segmentectomy). This proportion was 
smaller in the group of patients with benign lesions where 
4 patients (7.4 %) underwent lung resection before. 
Prior thoracic operations were due to lung cancer (83%), 
metastases (13.6%) and benign lesions (3.4%). 

After propensity score matching, the two study groups 
were comparable with respect to age, gender, smoking 
history, diagnosis, tumour size, FEV1, DLCO and history 
of previous pulmonary resections (Table 1). There were no 
differences between the two groups regarding histology 
and pT stage in lung cancer, however, lymph nodes were 
more frequently affected in the open segmentectomy group 
(P=0.023) (Table 2). 

Segmentectomy locations and the number of resected 
segments are shown in Table 3. In 153 patients (54.6%) 
resection was limited to a single segment, whereas in 127 
patients (45.4%) multiple segments were resected. In 122 
of cases with multiple resections (96.1%) neighboring 
segments were resected, whereas five patients (3.9%) 
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Figure 1 Frequency distribution of open segmentectomy and 
VATS segmentectomy performed per study year (n=445). VATS, 
video-assisted thoracoscopic surgery.
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received a resection of two or more independent segments. 
A total of 92 patients (32.9%) underwent right-sided 
pulmonary resection, whereas 185 (66.1%) were resected 
on the left side. Three patients (1.1%) received bilateral 
resections, two of whom were due to lung cancer and one to 
metastatic disease. On the right side, the superior segment 
of the lower lobe was the most common segmental resection 
performed (n=37; 13.2%) followed by the apical segment of 
the upper lobe (n=15; 5.4%). The most frequent left-sided 
segmental resections were the upper lobe trisegmentectomy 
(n=73; 26.1%) and the apical posterior segmentectomy 
of the upper lobe (n=66; 23.6%). A lingulectomy was 
performed in 28 patients (8.6%).

Postoperative outcomes

Table 4 shows the postoperative outcomes. There were 
no significant differences in operative time, radicality of 
resection and frequency of lymphadenectomy. Patients in 
the open group spent more time in hospital (9.5 vs. 7.4 days, 

P<0.001) and had a longer duration of thoracic drainage 
treatment (5.9 vs. 4.7 days, P=0.012) compared to patients 
in the VATS group. In 56 patients (20.0%) postoperative 
complications were reported (Table 5). The most frequent 
complications were prolonged air leak (24 cases; 8.6%), 
pneumothorax (11 cases; 3.9%), pneumonia (10 cases; 
3.6%) and postoperative bleeding (6 cases; 2.1%). Patients 
suffering complications had a prolonged hospital length of 
stay (12.2 vs. 7.5 days, P<0.001) and drainage treatment time 
(9.0 vs. 4.4 days, P<0.001) compared to patients with an 
uncomplicated postoperative course. Overall complications 
rates were similar in both groups (open 23.6%, VATS 
16.4%, P=0.135). However, severe complications were more 
frequent in the open group (7.1%) than in the VATS group 
(1.4%, P=0.018).

There were no postoperative deaths.

Discussion 

In the current study, we compare the perioperative 

Table 1 Clinical characteristics. Data shown before and after propensity score matching

Variable

Before propensity score matching After propensity score matching

Open segmentectomy 
(n=233)

VATS segmentectomy 
(n=212)

P value
Open segmentectomy 

(n=140)
VATS segmentectomy 

(n=140)
P 

value

Age 66.7±9.1 65.0±10.3 0.063 66.9±8.1 65.3±10.2 0.163

Males 140 (66.7) 116 (54.7) 0.295 80 (57.1) 79 (56.4) 0.904

Smoking history 0.567 0.875

Never smoker 38 (17.3) 40 (19.4) 25 (17.9) 24 (17.1)

Current or former 
smoker

182 (82.7) 166 (80.6) 115 (82.1) 116 (82.9)

Pulmonary function

FEV1 (%) 69.9±23.7 76.1±24.4 0.009 71.7±24.4 73.0±24.1 0.654

DLCO (%) 67.6±31.2 74.1±25.1 0.024 68.6±31.6 72.4±27.4 0.280

Diagnosis 0.864 0.858

Lung cancer 164 (70.4) 154 (72.6) 105 (75.0) 101 (72.1)

Metastases 40 (17.2) 33 (15.6) 22 (15.7) 25 (17.9)

Benign lesions 29 (12.4) 25 (11.8) 13 (9.3) 14 (10.0)

Size of tumor or 
pulmonary lesion (cm)

2.7±1.6 2.0±1.1 <0.001 2.1±1.1 2.1±1.1 0.9

Previous anatomic 
pulmonary resection

51 (21.9) 37 (17.5) 0.241 21 (15.0) 23 (16.4) 0.403

Data presented as n (%) or mean ± SD. VATS, video-assisted thoracoscopic surgery; FEV1, forced expiratory volume in 1 second; DLCO, 
diffusing capacity of the lung for carbon monoxide.
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outcome of patients receiving anatomic segmentectomy, 
either by open or video-assisted thoracoscopic approach. 
Perioperatively there were no significant differences 
in operative time, frequency of lymphadenectomy or 
radicality. The main findings of the present study were 
that VATS segmentectomy was associated with a decreased 
hospital length of stay and decreased incidences of severe 
complications compared with open segmentectomy.

The technique of segmentectomy was first described 
by Churchill and Belsey in 1939 for the treatment of 
bronchiectasis (in this case a lingulectomy). As stated in 
the article, the substantial advantage of this procedure 
is the preservation of healthy lung tissue, which allows 
the resection of all diseased segments from several lobes. 
Until today, the conservation of functional lung tissue 
is the central argument for segmentectomy. Being the 
smallest possible anatomic resection, it allows lung cancer 
patients with poor pulmonary reserve to undergo a 
curative resection. Several studies could demonstrate that 
segmental resection offers a better functional preservation 
compared to lobectomy (18-20). However, the difference in 
preserved pulmonary function narrows with an increasing 
number of resected segments. In a comparative study of 
the postoperative pulmonary function after segmentectomy 

versus lobectomy in 140 patients, resection of the left 
upper division did not differ from left upper lobectomy in 
preserving pulmonary function (18). In our study, multiple 
segments were resected in 45.4% of the patients. In most 
of these cases (96.1%), neighboring segments were resected 
for the treatment of solitary pulmonary lesions, whereas a 
small proportion (3.9%) of patients received resection of 
independent segments. Factors influencing the extent of 
resection, especially in malignant lesions, are the tumor size 
including adequate resection margins as well as its location 
within the lung. In contrast to small peripheral tumors 
that can be clearly allocated to a certain segment, larger or 
centrally located tumors can cross the segmental boundaries 
and therefore require a more extensive resection. Another 
reason for the frequent resection of multiple segments 
might be deficits in preoperative planning by computed-
tomography (CT). Even in high resolution imaging a clear 
allocation of the pulmonary lesion to a certain segment 
remains difficult and decisions concerning the extent 
of resection are often made intraoperatively. Advanced 
3D-imaging techniques that allow the reconstruction of 
the corresponding segmental vessels and bronchus could 
facilitate preoperative planning and therefore reduce the 
extent of resection in the future.

Table 2 Pathological characteristics of lung cancer patients. Data shown before and after propensity score matching

Variable

Before propensity score matching After propensity score matching

Open segmentectomy 
(n=164)

VATS segmentectomy 
(n=154)

P 
value

Open segmentectomy 
(n=105)

VATS segmentectomy 
(n=101)

P 
value

Histology lung cancer 0.122 0.671

Adenocarcinoma 102 (62.2) 105 (68.2) 66 (62.9) 64 (63.4)

Squamous cell 
carcinoma

44 (26.8) 27 (17.5) 27 (25.7) 22 (21.8)

Other 18 (11.0) 22 (14.3) 12 (11.4) 15 (14.9)

pT stage lung cancer 0.002 0.294

T1a 61 (37.2) 86 (55.8) 48 (45.7) 53 (52.5)

T1b 25 (15.2) 26 (16.9) 14 (13.3) 19 (18.8)

T2a, T2b 62 (37.8) 34 (22.1) 33 (31.4) 23 (22.8)

T3, T4 16 (9.8) 8 (5.2) 10 (9.5) 6 (5.9)

pN stage lung cancer 0.05 0.023

N0 123 (80.4) 132 (90.4) 75 (77.3) 87 (91.6)

N1 10 (6.5) 5 (3.4) 10 (10.3) 3 (3.2)

N2, N3 20 (13.1) 9 (6.2) 12 (12.4) 5 (5.3)

Data presented as n (%). VATS, video-assisted thoracoscopic surgery.
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Table 3 Number and location of resected segments. Data shown after propensity score matching

Variable Open segmentectomy (n=140) VATS segmentectomy (n=140) P value

Number of resected segments 0.513

1 73 (52.1) 80 (57.1)

2 20 (14.3) 20 (14.3)

3 46 (32.9) 37 (26.4)

4 1 (0.7) 3 (2.1)

Right upper lobe

Apical 3 (2.1) 12 (8.6) 0.034

Posterior 5 (3.6) 3 (2.1) 0.720

Anterior 7 (5.0) 0 0.022

Apical bisegmentectomy 1 (0.7) 2 (1.4) 0.562

Right lower lobe

Superior 16 (11.4) 21 (15.0) 0.480

Anterior basal 5 (3.6) 0 0.071

Lateral basal 9 (6.4) 3 (2.1) 0.140

Posterior basal 2 (1.4) 2 (1.4) 1

Basalectomy 5 (3.6) 3 (2.1) 0.720

Left upper lobe

Apico-posterior 28 (20) 38 (27.1) 0.205

Anterior 12 (8.6) 9 (6.4) 0.650

Apical trisegmentectomy 51 (36.4) 40 (28.6) 0.202

Inferior lingular 1 (0.7) 1 (0.7) 1

Lingulectomy 10 (7.1) 14 (10.0) 0.522

Left lower lobe

Superior 14 (10.0) 14 (10.0) 1

Anterior medial basal 3 (2.1) 15 (10.7) 0.007

Lateral basal 4 (2.9) 2 (1.4) 0.680

Posterior basal 3 (2.1) 7(5.0) 0.334

Basalectomy 1 (0.7) 2 (1.4) 0.562

Data presented as n (%). VATS, video-assisted thoracoscopic surgery.

Regarding the influence of the operative technique 
(open versus thoracoscopic surgery) on the perioperative 
outcome, most studies focused on early stage lung 
cancer. Limited data are currently available assessing the 
potential advantages of thoracoscopic segmentectomy 
for more advanced disease as well as for the treatment 
of pulmonary metastases and benign lesions. In 2007 

Atkins and colleagues conducted a retrospective analysis 
on 77 consecutive segmentectomies for the treatment of 
malignant and benign pulmonary lesions (15). In their 
study, 48 patients underwent VATS and 29 open surgeries. 
Primary tumors were significantly smaller in the VATS 
group than in the thoracotomy group (2.1 vs. 3.1 cm). In 
addition, 95% of the patients in the VATS group treated 



3657Journal of Thoracic Disease, Vol 10, No 6 June 2018

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(6):3651-3660jtd.amegroups.com

Table 4 Perioperative outcomes. Data shown after propensity score matching

Variable Open segmentectomy (n=140) VATS segmentectomy (n=140) P value

Operative time (min) 121±36 129±37 0.064

Radicality 0.201

R0 119 (94.4) 122 (97.6)

R1, R2 7 (5.6) 3 (2.4)

Lymphadenectomy performed

Lung cancer 97 (92.4) 95 (94.1) 0.632

Metastases 11 (50.0) 14 (56.0) 0.681

Postoperative complications

Overall 33 (23.6) 23 (16.4) 0.135

Severe complications 10 (7.1) 2 (1.4) 0.018

Re-operation because of postoperative complications 4 (2.9) 3 (2.1) 0.702

Drainage treatment time 5.9±4.7 4.7±3.5 0.012

Hospital length of stay 9.5±4.9 7.4±3.9 <0.001

Data presented as n (%) or mean ± SD. VATS, video-assisted thoracoscopic surgery.

Table 5 Postoperative complications. Data shown after propensity score matching

Complication Open segmentectomy (n=140) VATS segmentectomy (n=140) P value

Atrial fibrillation 2 (1.4) 0 0.478

Prolonged air leak 13 (9.3) 11 (7.9) 0.831

Pneumothorax 8 (5.7) 3 (2.1) 0.219

Bleeding 3 (2.1) 3 (2.1) 1

Wound infection 2 (1.4) 0 0.478

Recurrent laryngeal nerve injury 2 (1.4) 1 (0.7) 0.562

Abdominal complications 1 (0.7) 0 0.316

Others 2 (1.4) 4 (2.9) 0.680

Severe complications

Respiratory insufficiency 2 (1.4) 0 0.478

Myocardial infarction 1 (0.7) 0 0.316

Pneumonia 8 (5.7) 2 (1.4) 0.107

Stroke 1 (0.7) 0 0.316

Data presented as n (%). VATS, video-assisted thoracoscopic surgery.

for lung cancer were stage I, whereas 25% of patients in the 
thoracotomy group had more advanced disease (stage IIB 
and higher). There were no differences in operative time, 
blood loss and chest tube duration. However, the hospital 

length of stay was significantly shorter in the VATS group 
(4.3 vs. 6.8 days). There were no significant differences 
regarding overall morbidity (34.5% vs. 31.3%) and thirty-
day mortality (0% vs. 6.9%) between the two groups (15). In 
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2009, Schuchert and colleagues performed a retrospective 
review of patients that underwent segmentectomy for stage 
I non-small cell lung cancer, either by VATS (n=104) or 
thoracotomy (n=121) (14). The tumor size was slightly 
higher in the open group compared with the VATS group 
(2.4 vs. 2.1 cm). Patients in the VATS group had a shorter 
length of stay (5 vs. 7 days) than patients in the open 
group. The overall postoperative morbidity was 30.2% 
with no differences between the two groups. There rate of 
pulmonary complications (25% vs. 40%) and postoperative 
infections (2.9% vs. 10.7%) were significantly lower in the 
VATS group (14). In 2014, Smith and colleagues compared 
the postoperative outcomes of elderly stage I lung cancer 
patients treated with segmentectomy via VATS versus 
an open approach. After adjusting for propensity scores 
baseline characteristics were not different between the 
groups. Postoperatively both groups showed similar rates 
of postoperative complications (39.2%), extended length of 
stay (15.9%) and postoperative mortality (3.1%) (17). In our 
study, which included cases with more advanced disease (T 
>2a, N+) as well as patients with lung metastases and benign 
pulmonary lesions, the overall morbidity observed was 
20.0%, with no postoperative deaths, which is comparable 
to data reported in the literature (14,16,21-23). 

Segmentectomy has been suggested as a reasonable 
compromise for patients that would not tolerate lobectomy 
because of limited cardiopulmonary reserves, for example 
in cases of previous pulmonary resections (14,24,25). In 
the present study, 19.8% of the patients had undergone 
a prior anatomic pulmonary resection. This was also the 
limiting factor in many of our cases with tumors exceeding 
two centimeters in diameter or in patients who had 
primarily a R1/R2 resection. Although accurate figures are 
not available concerning the rate of reoperations in lung 
surgery, nearly 20 percent appears to be a considerably high 
proportion. In 1996, Cerfolio and associates conducted 
a retrospective analysis of 83 patients with compromised 
pulmonary function (FEV <1.2 L) who underwent resection 
for lung cancer (26). In this study 11 patients (13%) have 
had a thoracotomy before, 9 for lung cancer and 2 for post-
traumatic bleeding. Yang and D’Amico showed that 11.5% 
of patients undergoing surgery for lung cancer develop 
additional primary lung cancer within their lifetimes and 
may require further lung tissue resection. They concluded 
that segmentectomy, which preserves more lung function 
than lobectomy, would offer higher tolerance for further 
resections (3). 

Although the data in our study were acquired prospectively,  

the patient collective was analyzed retrospectively, which 
must be regarded as a limitation. In the study period of 
seven years, operative techniques and indications concerning 
feasibility of VATS segmentectomy evolved all over the 
world, including our institution. Primary indication for open 
segmentectomy was re-do anatomical resection on the pre-
operated side. Severe hilar scare tissue was the major concern 
in this patients and therefore open technique was primarily 
indicated. Nevertheless, improving thoracoscopic techniques 
allow to resect prior operated patients minimally invasive 
without major intraoperative complications, making today 
open segmentectomy a rare operation in our institution 
(Figure 1). 

A second limitation is the relatively high proportion of 
patients with more advanced disease in our study. In total, 
35% of the patients in the matched sample had a T2a stage 
and above. According to the actual recommendations, this 
would have been patients normally scheduled for lobectomy. 
The individual reasons for choosing segmentectomy in 
these patients were not recorded in this study. Reasonable 
explanations for performing a sublobar resection could 
be the poor pulmonary function and the high proportion 
of previous pulmonary resections in our study. Although 
segmentectomy is not considered equivalent in local control 
compared to lobar resection, in patients not suitable for 
lobectomy, however, it might be the best chance of curative 
resection. 

In our study 9% of the patients exhibited a N2/3 
disease despite preoperative staging. Although N+ disease 
is an independent factor for perioperative morbidity and 
mortality, we did not exclude those patients from our 
statistical analysis. The aim of our study was to represent 
clinical reality and therefore assess the perioperative 
outcome of the procedure itself, regardless of histology, 
tumor entity and stage.

In conclusion, our data suggest that VATS segmentectomy 
is a safe and effective technique for the treatment of benign 
and malignant pulmonary lesions. We demonstrated 
significant advantages of the thoracoscopic approach, such 
as shorter hospitalization time and a decreased incidence of 
severe complications. Minimizing the amount of lung tissue 
resected, combined with the minimally invasive approach, 
make the VATS segmentectomy highly suitable for patients 
with reduced pulmonary function or severe comorbidities. 
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