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Background: Pulmonary anatomical segmentectomies are increasingly being done via video-assisted 
thoracoscopic surgery (VATS). We analyzed clinical outcomes and risk factors for post-operative 
complications after pulmonary segmentectomy by VATS was introduced in two institutions. 
Methods: We retrospectively reviewed records of all patients who underwent anatomical pulmonary 
segmentectomy by VATS from 2014 to 2016 at the university hospitals of Geneva and Lausanne in 
Switzerland. 
Results: One hundred twenty-nine patients (64 men; median age 68 years, range, 29–85 years) underwent 
anatomical VATS segmentectomy for primary lung tumors (n=100), metastases (n=16) and benign lesions 
(n=13). The overall 30-day mortality and morbidity rates were 0.8% and 31%, respectively. The reoperation 
rate was 4.7% [indications: hemothorax 2, prolonged air leak (PAL) 2, segmental torsion 1, empyema 1]. 
Chest drainage lasted for a median of 2 days (range, 1–33 days) and patients were discharged from the 
hospital after a median of 6 days (range, 2–37 days). Postoperative complications were mainly associated 
with chronic obstructive pulmonary disease (COPD) [odds ratio (OR) 2.54 and 95% confidence interval 
(95% CI), 1.18–5.47], and smoking pack-years >50 units (OR 5.27; 95% CI, 1.68–16.55). Nine patients (9%) 
presented with distant recurrences. Nodule size >2 cm was associated with decreased disease-free survival 
(DFS) (P=0.04). There was no association between surgical experience in VATS segmentectomy and DFS or 
postoperative complications. 
Conclusions: Segmentectomies can be safely performed by VATS in an initial experience and result 
in favorable clinical outcome. COPD and smoking pack-years are associated with an increased risk of 
complications. 
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Introduction 

Pulmonary anatomical segmentectomy is a parenchyma-
sparing technique that is increasingly proposed for benign 
lesions, metastases, or for patients with non-small cell 
lung cancer (NSCLC) who cannot tolerate lobectomy. 
Segmentectomies can be technically challenging, but 
are being proposed more frequently through the use of 
video-assisted thoracoscopic surgery (VATS). Moreover, 
for early stage NSCLC, pulmonary segmentectomy has 
shown promising results and is currently considered safe 
for early stage tumors <2 cm in an appropriate location and 
with sufficient resection margins (1-5). So far, despite its 
attractiveness, VATS segmentectomy remains technically 
arduous. Furthermore, although the impact of surgeon 
volume on outcomes for lung surgery by VATS is significant 
(6-7), the impact of surgeon volume on outcomes after 
pulmonary segmentectomy specifically is not known. 
Therefore, we undertook a cohort study to analyze the 
clinical outcomes and identify risk factors for post-operative 
complications after pulmonary segmentectomy by VATS 
was introduced in two university hospitals. 

Methods

Patients

We retrospectively reviewed the records of all patients 
who underwent anatomical pulmonary segmentectomies 
by VATS from January 2014 to December 2016 at the 
university hospitals of Geneva and Lausanne in Switzerland. 
The Local Ethics Committee approved the study and 
individual consent was waived (No. 2017-01767). We 
excluded patients whose procedure required conversion to a 
thoracotomy and patients who had a completion lobectomy 
in cases of incomplete resection or lymph node involvement 
on frozen section. Three surgeons who had done >100 
cases of VATS lobectomy performed all segmentectomies 
in the two centers. All patients with NSCLC had extensive 
positron emission tomography-computed tomography 
(PET-CT) imaging to exclude lymph node involvement. 
After presentation at an interdisciplinary tumor board, 
the indication to proceed to VATS segmentectomy was 
proposed in patients with solitary nodule of less than 2 cm 
peripherally located in a specific segment. In patients unfit 
to benefit a lobectomy, segmentectomy was proposed even 
for lesion of more than 2 cm. All patient had PET-CT 
excluding hilar or mediastinal lymph node extension.

Surgical technique

VATS segmentectomy was performed under general 
anesthesia with lung isolation by double lumen intubation. 
Surgical resection was undertaken using a standardized 
three-port approach (utility incision in the fourth 
intercostal space, one for 10–mm 30° thoracoscope 
in the seventh intercostal space anteriorly and one 
posteriorly). Segmentectomy was performed with individual 
dissection of the segmental bronchus, arteries and veins. 
All bronchovascular structures were transected using 
endoscopic staplers or energy device. In cases of NSCLC, 
dissection of hilar and mediastinal lymph nodes was 
complete. Frozen section was performed for suspected hilar 
lymph nodes and completion lobectomy undertaken in cases 
of lymph node involvement. All surgical specimens were 
extracted in a protective bag to prevent chest wall seeding 
of malignant disease. The intersegmental plane was divided 
using staplers. If available, indocyanine green fluorescence 
was used to identify the intersegmental plane as previously 
described by Guigard et al. (8). 

Measurements and outcomes

Individual medical records were extracted from the 
hospital data management system. All records were 
analyzed with respect to patient demographics, histologic 
findings of the lesion, size and localization of the lesion, 
type of segmentectomy, disease-free interval, localization 
of recurrence, surgical outcome, and post-operative 
morbidity and mortality. The experience of surgeons in 
VATS segmentectomy is a continuous variable and defined 
as the number of interventions done over the course of the 
study. 

T h e  p r i m a r y  e n d p o i n t  w a s  d e f i n e d  a s  a n y 
cardiopulmonary complications with TMM grades 
≥2 as reported previously, and included the following: 
atrial fibrillation, myocardial infraction, pneumonia, 
pneumothorax, hemothorax, prolonged air leak (PAL) and 
acute respiratory distress syndrome (ARDS) (9). Pneumonia 
was defined by the need for antibiotics for a suspected 
respiratory infection according to changed lung opacities, 
fever, or an elevated white blood cell count >12,000 
per mcL. PAL was defined as an air leak lasting beyond 
postoperative day 7. ARDS was diagnosed according to the 
Berlin definition based on Ferguson et al. (10). For lung 
cancer, the 7th edition of TNM classification was used.
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Statistical analysis

Continuous variables are presented as mean or median 
as appropriate and categorical variables are expressed as 
percentages. Univariate logistic regression analyses were 
performed to determine the association between patient 
characteristics and the presence of complications. For 
continuous variables, the assumption of linearity has been 
met. Operation time and experience of surgeons in VATS 

segmentectomy were evaluated using symmetric regression 
procedures. Patients with metastasis or benign tumors were 
excluded from the time-to-event analysis. The event was 
considered to be any recurrence in order to obtain disease-
free survival (DFS) at 3 years. Patients were censored at the 
time of their last follow-up. Kaplan-Meier estimates were 
assessed for the nodule size, the type of histology and the 
surgical experience. For this analysis, the surgical experience 
was categorized in three groups because the linearity has not 
been met. Log-rank tests were used to compare differences 
in Kaplan-Meier estimates. All analyses were performed 
using STATA software, version 14 (StataCorp LLC, Texas, 
USA).

Results

Patient characteristics

Between January 2014 and December 2016, 129 patients  
(64 men, 65 females) with a median age of 68 years 
(range, 29–85 years) underwent anatomical pulmonary 
segmentectomy by VATS (Table 1). Forty-eight (37%) 
patients had chronic obstructive pulmonary disease (COPD), 
defined by a post-bronchodilator forced expiratory volume 
in one second (FEV1)/forced vital capacity <0.7. Fifty percent 
were current smokers; median smoking pack-years was 30 
(IQR, 0–50). The FEV1 and the diffusing lung capacity for 
carbon monoxide (DLCO) were, respectively, 87%±21% 
and 77%±19% of the predicted value. The presence of a 
suspect solitary pulmonary nodule was the major indication 
for segmentectomy (74%), followed by proven primary lung 
tumors (16%), metastases (6%) and benign lung tumors (4%). 
The segmentectomies were predominantly performed for 
upper lobe diseases (79 segmentectomies), followed by lower 
lobe processes (60 segmentectomies) (Table 2). In 5 patients, 
two segmentectomies were performed in two different lobes. 
The intersegmental plane was identified with indocyanine 
green fluorescence imaging 33% of the patients. 

 

Postoperative morbidity and mortality

During the study period, 3 patients had thoracotomy 
conversion for calcified hilar lymph node (n=2) and bleeding 
of the pulmonary vein (n=1). Three additional patients had 
completion lobectomy for metastatic hilar lymph node (n=2) 
or incomplete margin resection of the intersegmental plane 
(n=1). The mean operation time was 151±121 minutes and 
was not correlated with surgeon experience (r=0.11, P=0.2). 

Table 1 Preoperative characteristics of patients undergoing  
segmentectomy by video-assisted thoracoscopic surgery

Characteristics Number

Patients 129

Gender, n [%]

Female 65 [50]

Male 64 [50]

Median age (years) 68 (range, 29–85)

Comorbidities, n [%]

COPD 48 [37]

History of cancer 49 [38]

Current smoker 65 [50]

SPY >50 33 [26]

ASA, n [%]

I 1 [1]

II 81 [63]

III 43 [33]

IV 4 [3]

Predicted FEV1, % (SD) 87 [21]

Predicted DLCO, % (SD) 77 [19]

Indications, n [%]

Suspect SPN 95 [74]

NSCLC <2 cm 21 [16]

Metastasis 8 [6]

Benign tumor 5 [4]

ASA, American Society of Anesthesiology Physical status;  
COPD, chronic obstructive pulmonary disease; DLCO,  
diffusing lung capacity for carbon monoxide; FEV1, forced  
expiratory volume in one second; NSLC, non-small cell lung 
cancer; SPN, solitary pulmonary nodule; SPY, smoking pack 

years.
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The overall 30-day mortality and morbidity were 0.8% 
and 31%, respectively. The patient who died did so on 
post-operative day 15 from sepsis and ARDS. In terms 
of morbidity (Table 3), bronchopneumonia was the most 
frequent complication (17%), followed by PAL (10%). Six 
(4.7%) patients required reoperation: for thoracic bleeding 
in two patients, PALs in two, and segmental torsion and 
empyema in one patient, respectively. The median duration 
of thoracic drainage was 2 days (IQR, 1–4 days) and the 
median length of hospitalization was 6 days (IQR, 4–8 days) 
(Table 3). 

On univariate analysis, COPD (OR 2.54, 95% CI, 
1.18–5.47) and smoking pack-years >50 units (OR 5.27, 
95% CI, 1.68–16.55) were significantly associated with 
postoperative complications (Table 4). There was a strong 
correlation between the presence of COPD, active smoking 
and smoking pack-years >50 (P<0.001). Conversely, 
age, gender, FEV1, DLCO, ASA score and type of 
segmentectomy were not associated with a higher risk of 

major complications. Furthermore, there was no association 
between complication rate and surgical experience in VATS 
segmentectomy (P=0.4).

Oncological outcome

Histological analysis revealed a primary lung tumor in 100 
patients (78%), metastases in 16 patients (12%), and benign 
lesions in 13 (10%). Of the primary lung tumors, 78% were 

Table 2 Localization and types of segmentectomies performed in 
129 patients

Segmentectomy Right/left side (N)

Number of patients 49/80

Number of segmentectomies 56/83

Upper lobe segmentectomies 25/54

Segment 1 8/2

Segment 2 5/4

Segment 3 3/5

Segment 1-2 6/13

Segment 1-3 2/2

Segment 1-2-3 0/20

Segment 4-5 0/8

Segment 5 1/0

Lower lobe segmentectomies 31/29

Segment 6 15/20

Segment 8 2/2

Segment 9 4/1

Segment 10 4/2

Basilar segments 6/4

Multiple lobes 2/3

Table 3 Clinical outcome in 129 patients who underwent  
segmentectomy by video-assisted thoracoscopic surgery

Variables Number

Drain removal (day), median [IQR] 2 [1–4]

LOS (day), median [IQR] 6 [4–8]

Morbidity, n [%] 40 [31]

Bronchopneumonia 22 [17]

Pulmonary air leak 13 [10]

Atrial fibrillation 7 [5]

ARDS 4 [3]

Hemothorax 2 [1]

Primary lung cancer, n [%] 100 [78]

Adenocarcinoma 78/100 [78]

Squamous cell carcinoma 15/100 [15]

NET 7/100 [7]

Tumor size, mean [range] 17 [6–48]

TNM classification, n [%] 

pT1 80/100 [80]

pT2 17/100 [17]

pT3 1/100 [1]

pT4 2/100 [2]

pN0 92/100 [92]

pN1 1/100 [1]

pN2 7/100 [7]

Stage (7th edition), n [%]

I 90/100 [90]

II 3/100 [3]

III 7/100 [7]

LOS, length of hospital stay; ARDS, acute respiratory distress 
syndrome; NET, neuroendocrine tumor. 
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adenocarcinoma, 15% were squamous cell carcinoma, and 
7% were neuro-endocrine tumors. The mean tumor size 
was 17 mm (range, 6–48 mm). Eighty patients had pT1 
tumors, 17 had pT2, 1 had pT3 and 2 had pT4 tumors. 
A tumor <2 cm was found in 79% of patients. In patients 
undergoing mediastinal lymph node dissection, the mean 
number of extracted lymph nodes was 11.8±7.9. Nodal 
upstaging was found in eight patients (8%) including one 
pN1 and seven pN2 (Table 3). 

The median follow-up time was 19 months (IQR, 
13–22 months), and no patient was found to have a local 
recurrence in the operated lobe. However, nine (9%) 
patients did have recurrences, including four tumors in 
another lobe, one regional lymph node recurrence and 
four distant recurrences. Kaplan-Meier DFS curves at 
three years are shown in Figure 1. A nodule size >2 cm was 
associated with decreased DFS (P=0.04). Log rank analyses 
showed no association between the DFS and surgical 
experience with VATS segmentectomy, type of histology, or 
nodule staging.

Conclusions

Pulmonary anatomical segmentectomy is increasingly 
being proposed for benign and malignant lesions. However, 
this surgical technique is demanding and few studies have 
reported outcomes when VATS is used. Our results show 
that segmentectomy by VATS can be realized safely with 
acceptable morbidity and low mortality even during an 
initial experience. 

VATS segmentectomy has  been proposed as  a 
parenchyma-sparing procedure and should result in better 
postoperative pulmonary function and a faster postoperative 
recovery than VATS lobectomy. However, these benefits are 
not clearly demonstrated in the literature. The main reasons 
for this are that pulmonary function test results are difficult 
to interpret and VATS and thoracotomy procedures are 
lumped together (11-14). 

Because VATS segmentectomy is technically difficult 
and its beneficial effect on the postoperative course has 
not yet been demonstrated, it is important to analyze 
complications, especially early in the use of this procedure. 
Unfortunately, VATS and thoracotomy procedures are 
also lumped together in many studies (15,16). However, 
one study reported a greater incidence of air leak and 
pulmonary complications after VATS segmentectomy than 
VATS lobectomy, although the sample size was only 35 
patients (17). The authors concluded that this difference 
was due to the surgeon learning curve. In our study, 31% 
of patients had cardiopulmonary complications with 
TMM ≥2 after VATS segmentectomy. This finding is a bit 

Table 4 Risk factors for complication after VATS segmentectomy

Variable

Complications

Odds ratio  
(95% CI)

P value

Age, each 1-year increase 1.02 (0.98–1.07) 0.24

Female vs. male 1.13 (0.54–2.38) 0.75

COPD (yes vs. no) 2.54 (1.18–5.47) 0.02

FEV1 (≥80% vs. <80%) 1.91 (0.88–4.16) 0.1

DLCO (≥80% vs. <80%) 1.59 (0.73–3.44) 0.24

Current smoking (yes vs. no) 2.38 (0.1–5.16) 0.03

SPY

1–10 1.55 (0.14–16.85) 0.72

11–49 2.86 (0.89–9.18) 0.08

50–120 5.27 (1.68–16.55) <0.01

ASA score (3 vs. 1) 2.37 (0.23–24.7) 0.47

Segment (inferior vs. superior lobe) 0.61 (0.76–3.43) 0.22

Experience, each 1 patient more 1.00 0.4

ASA, American Society of Anesthesiology Physical status; 
COPD, chronic obstructive pulmonary disease; DLCO, diffusing 
lung capacity for carbon monoxide; FEV1, forced expiratory  
volume in one second; SPY, smocking pack years.

Figure 1 Kaplan-Meier curves of disease-free survival for nodule 
≤2 cm (blue) versus nodule >2 cm (red) (P=0.04).
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higher than in other studies (17–35%) and is mainly due 
to the higher incidence of pneumonia (16-20). The higher 
incidence of pneumonia (17%) in our study as compared to 
other studies (1.8–8.6%) (16-19) could be explained by the 
broad pneumonia diagnostic criteria we used. In our initial 
experience, the operating time and the complication rate did 
not decrease over the 3-year study period. This is probably 
due to the great initial experience of surgeons in VATS 
procedure. Significant risk factors for complications after 
segmentectomy include male gender or FEV1 ≤60% (17).  
However, we found that COPD, active smoking and the 
number of smoking pack years were also significant risk 
factors for complications after segmentectomy. These 
risk factors were already reported in others series after 
pulmonary resection (20,21). 

Pulmonary segmentectomy in NSCLC patients remains 
controversial. It is currently considered appropriate for 
tumors ≤2 cm with no nodal involvement (1,22-24). Despite 
the limited experience with VATS segmentectomy at our 
two institutions and the relatively short follow-up period, 
the oncological outcome at 3 years (91% of DFS) is very 
similar to what other studies have found and appears to be 
acceptable. In our study, we also showed that a nodule size 
>2 centimeters is associated with a higher risk of recurrence. 
However, the oncological safety of segmentectomy 
for early stage cancer will remain controversial until 
the definitive results of the two ongoing randomized 
trials (NCT00499330) and (JCOG0802/WJOG4607L) 
comparing VATS segmentectomy and lobectomy. In 
addition, other factors, such as the consolidation of 
the tumor seems to be important to assess whether 
segmentectomy is indicated and can explain the difference 
in survival between lobectomy and segmentectomy (25). 

This study has some limitations. It is a retrospective 
study from two institutions, includes a small number of 
patients, and there is no control group. Because there were 
few of each type of complication, stratification to analyze 
risk factors for each one was not possible. In addition, we 
lacked data about complications during the operations. 
The number of events during the follow-up period is 
low and the follow-up period of 3 years was too short 
to reach conclusions about the oncological safety of the 
segmentectomies performed in our hospitals. 

In conclusion, our retrospective study of two institutions’ 
experience suggests that the clinical outcome after 
segmentectomy by VATS seems to be acceptable. Particular 
attention must be paid to the postoperative period in 
current smokers and those with high pack-years because 

they are at greater risk for complications. The benefit of 
VATS segmentectomy versus VATS lobectomy during the 
postoperative course remain unknown. Furthermore, VATS 
segmentectomy remains technically difficult and previous 
experience with VATS lobectomy is mandatory to minimize 
complications. 
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