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Background: Pulmonary segmentectomies are generally classified into simple (tri-segmentectomy or 
lingulectomy as well as apical or basilar segmentectomy) and complex (individual or bi-segmentectomy of 
the upper, middle and lower lobes). Complex segmentectomies are technically feasible by video-assisted 
thoracic surgery (VATS) but remain challenging, and reports on post-operative outcomes are scarce. This 
study analyzes the differences between simple and complex VATS segmentectomy in terms of peri- and post-
operative outcomes.
Methods: We retrospectively reviewed records of all patients who underwent anatomical pulmonary 
segmentectomy by VATS from 2014 to 2018 in two university hospitals. 
Results: A total of 232 patients (114 men; median age 67 years; range, 29–87 years) underwent VATS 
segmentectomy for primary lung cancer (n=177), metastases (n=26) and benign lesions (n=29). The overall 
30-day mortality and morbidity rates were 0.8% and 29.7%, respectively. The re-operation rate was 4.7%. 
Complex segmentectomy was realized in 111 patients including 86 (77.5%) upper lobe segmentectomies 
and 44 (39.6%) bi-segmentectomies. There was no statistical difference between complex and simple 
segmentectomy in terms of operative time (145 vs. 143 min, respectively; P=0.79) and chest tube duration 
[median: 1 (range, 0–33) vs. 2 (range, 1–19) days, respectively; P=0.95]. Post-operative overall complication 
rates were similar for both groups (30% vs. 30%, respectively; P=0.99) and were not correlated with the 
type of segmentectomy. However, complex segmentectomy patients had a shorter length of hospitalization 
compared to simple segmentectomy patients [median: 5 (range, 1–36) vs. 7 (range, 2–31) days; P=0.026]. 
Interestingly, complex segmentectomies were realized most frequently 2 years after implementation of VATS 
segmentectomy (23% vs. 77%; P=0.01).
Conclusions: In comparison with simple segmentectomy, complex segmentectomy by VATS seems to 
present similar post-operative complication rates. Learning curve and progressive increase in acceptance 
by surgeons seem to be key elements for successful implementation of complex segmentectomies and could 
explain the shorter length of stay we observed.
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Introduction

Pulmonary segmentectomy is a parenchyma-sparing 
technique that is now currently proposed for diagnosis 
of centrally located nodules or for definitive treatment 
of metastases or early stage non-small cell lung cancer 
(NSCLC) in selected patients. Many retrospective studies 
have suggested that pulmonary segmentectomy can achieve 
recurrence rates and survival rates comparable to those 
of lobectomy in patients with small (diameter <2 cm), 
peripheral tumors when adequate surgical margins are 
achieved and lymph node are dissected and free of tumor  
(1-6). Nevertheless, pulmonary segmentectomy is a 
technically challenging procedure that is now performed 
by video-assisted thoracic surgery (VATS) (7). The 
large anatomical variations of each segment make this 
operation arduous since individual dissection of segmental 
bronchovascular structures and identification of the 
intersegmental planes are necessary to avoid incomplete 
resections and post-operative complications. Recently, we 
have reported on our initial experience and demonstrated 
that VATS segmentectomies result in favorable clinical 
outcomes with acceptable morbidity (8).

F r o m  a  t e c h n i c a l  p o i n t  o f  v i e w,  p u l m o n a r y 
segmentectomies can be classified into simple and 
complex procedures, based on the necessity to separate 
one or multiple intersegmental planes (9,10). Simple 
segmentectomies (SS) involve one linear intersegmental 
plane and include segmentectomies of the left upper 
lobe (tri-segmentectomy or l ingulectomy),  apical 
segmentectomies (S6), and basal segmentectomies (S7–10). 
These are generally well standardized procedures, regularly 
performed by VATS and not prone to particular difficulties 
pertaining to anatomical variations or identification 
of intersegmental planes. On the other hand, complex 
segmentectomies (CS) involve several, or intricate 
intersegmental planes to separate segments and include 
individual or bi-segmentectomies of the upper lobe, middle 
lobe, or of the basal segments. In CS, bronchovascular 
structures are located more deeply in the lung parenchyma 
and are subject to wide individual anatomical variations (7). 
In addition, the VATS approach makes the procedure more 
challenging, possibly leading to potentially catastrophic 
complications or insufficient surgical margins. Few 
studies have reported the peri- and post-operative clinical 
outcomes of CS, and very few of them specially describe 
this procedure performed by VATS (10).

The aim of the study was to analyze the differences 

between simple and complex VATS segmentectomies 
in terms of peri- and post-operative outcomes 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 May 2018 at the University 
Hospitals of Geneva and Lausanne in Switzerland. The 
Local Ethics Committee approved the study and individual 
consent was waived (Referral number: 2018-00179). This 
study was reported according to the STROBE criteria 
for observational studies (Table S1). We excluded patients 
whose procedure required conversion to open thoracotomy 
and patients who had a completion lobectomy in case of 
incomplete resection or lymph node involvement on frozen 
section for the post-operative outcome analysis.

Simple segmentectomies were performed by surgeons 
with an experience of more than 100 VATS lobectomies. 
CS were performed or supervised by one surgeon in each 
hospital (M Gonzalez and W Karenovics). In NSCLC 
patients, positron emission tomography-computed 
tomography (PET-CT) imaging was performed to 
exclude lymph node involvement, as well as routine brain 
magnetic resonance imaging and pulmonary function 
testing. Endobronchial ultrasound (EBUS) was performed 
prior surgery in case of suspicion of mediastinal lymph 
node involvement. All patients were presented to a 
multidisciplinary board. In patients fit enough to tolerate a 
lobectomy, intentional VATS segmentectomy was proposed 
for tumors with a diameter of <2 cm and a peripheral 
location well in a specific segment. In patients unfit for 
lobectomy, segmentectomy was proposed even for lesions of 
greater diameter. Staging was determined according to the 
8th TNM Classification of lung cancer.

Surgery

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 of 3 to 4 cm in the 
fourth intercostal space, one camera port in the seventh 
intercostal space anteriorly and a third posterior port for 
instrumentation). Segmentectomy was performed with 
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individual dissection of the segmental bronchus, arteries 
and veins. All bronchovascular structures were transected 
using endoscopic staplers or energy device. In cases of 
NSCLC, systematic dissection of hilar and mediastinal 
lymph nodes was carried out. Frozen section was performed 
for suspicious hilar lymph nodes and completion lobectomy 
was undertaken if positive. Once the intersegmental plane 
was identified by inflation/deflation technique or using 
indocyanine green (ICG) fluorescence, staplers were used to 
separate the intersegmental planes. All surgical specimens 
were extracted in a protective bag to prevent chest wall 
seeding of malignant disease.

Measurements and outcomes 

All data was prospectively collected from our shared 
database .  Ind iv idua l  medica l  records  were  then 
retrospectively reviewed and analyzed with respect to: 
patient demographics; pulmonary function; type of 
segmentectomy; histologic findings; size and localization of 
the lesion; operative time; surgical outcome; post-operative 
morbidity and mortality.

CS group included individual segmentectomies of the 
upper or lower lobes or combined bi-segmentectomies 
of the same lobe (S1+2, S1+3, S9+10, S8+9). SS group 
included upper lobe trisegmentectomies (S1+2+3), 
lingulectomies, S6 segmentectomy of the lower lobe and 
basal segmentectomies [S(7)+8+9+10].

The primary endpoint was 30-day cardio-pulmonary 
complication rate and included: atrial fibrillation; 
myocardial infraction; pneumonia; pneumothorax; 
hemothorax; prolonged air leak (PAL); and acute respiratory 
distress syndrome (ARDS). Pneumonia was defined by the 
need for antibiotics for a suspected chest infection based on 
lung opacities, fever, or an elevated white blood cell count 
>12,000 per μL. PAL was defined as an air leak lasting 
beyond postoperative day 7. 

Statistical analysis

The baseline characteristics and clinical outcomes 
were described using numbers and percentages for 
categorical variables and median and range for continuous 
measurements. Comparison of peri- and post-operative 
variables between complex and simple segmentectomy 
were analyzed with Fisher’s exact test for categorical 
variables, and the Mann-Whitney U test for continuous 
variables. Univariate logistic regression was used to 

explore the association between patient characteristics and 
complications or delayed discharge [>5 days of length of 
stay (LOS)]. Odds ratio (OR) with 95% confidence intervals 
(CI) were reported. A P value less than 0.05 was considered 
statistically significant. All analyses were performed using 
STATA software, version 14 (StataCorp LLC, Texas, USA).

Results

A total of 232 patients (114 men; median age 67 years; 
range, 29–87 years) underwent VATS anatomical pulmonary 
segmentectomy. CS were realized in 111 patients and SS in 
121 patients. Table 1 summarizes the patient characteristics 
for both groups. The groups were not perfectly matched 
with slightly younger patients in the CS group and fewer 
comorbidities. In addition, the CS group patients presented 
statistically better pulmonary function with higher pre-
operative forced expiratory volume in 1 second (FEV1) and 
diffusing capacity of lung for carbon monoxide (DLCO). 

Perioperat ive  and postoperat ive  outcomes are 
summarized in Table 2. Primary lung cancer was the main 
indication for surgery in both groups with 71% in CS and 
81% in SS groups. Adenocarcinoma was the most frequent 
type of pulmonary cancer in both groups. Definitive 
histological diagnosis demonstrated early stage cancer in 
most patients in (pT1 in 82% vs. 78%) both groups and 
an overall nodal upstaging of 8.5%. Final pathological 
diagnosis showed tumor >2 cm in 23 patients in the SS 
group and 18 patients in the CS group. In the CS groups, 
the segmentectomy was performed more frequently on 
the right side and on the upper lobe compared with the SS 
group. Multiple segments were more frequently removed 
in the SS group. The operative time were equivalent 
between both groups. Conversion to open thoracotomy 
was necessary in 9 patients (3.9%): CS group (n=4) for 
hemorrhage (n=2), calcified lymph node (n=1) and dense 
pleural adhesions (n=1); SS group (n=5) for hemorrhage 
(n=1), calcified lymph node (n=3) and dense pleural adhesion 
(n=1). Interestingly, CS were more frequently realized  
2 years after implementation of the VATS segmentectomy 
program with only 23% of cases performed during the first 
2 years. The overall 30-day mortality and morbidity rates 
was 0.8% and 29.7%, respectively (Table 3). Two patients 
died in the CS group from severe ARDS on post-operative 
day 3 and 6 respectively, not related to the surgical status. 
The post-operative complication rates were similar in both 
groups (30% vs. 30% respectively, P=0.99). The overall re-
operation rate was 4.7%. In the CS group, re-operation 
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Table 1 Patients characteristics

Characteristics Complex segmentectomy, n [%] Simple segmentectomy, n [%] P value

Total cases 111 121 –

Gender 0.89

Male 54 [49] 60 [50]

Female 57 [51] 61 [50]

Age (years), median [range] 66 [32–84] 68 [29–87] 0.08

Comorbidities

Cardiopathy 16 [14] 10 [8] 0.13

Diabetes 10 [9] 19 [16] 0.12

Tobacco use 86 [77] 91 [75] 0.69

Previous cancer 39 [35] 53 [44] 0.18

COPD 20 [18] 33 [27] 0.09

FEV1 (%) 91 84 0.0075

DLCO (%) 79 73 0.02

ASA score 0.15

I–II 69 [62] 62 [51]

III–IV 42 [38] 59 [49]

COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; DLCO, diffusing capacity of the lung for  
carbon monoxide; ASA, American Society of Anesthesiologists. 

Table 2 Surgical characteristics for complex and simple VATS segmentectomies

Characteristics Complex segmentectomy, n [%] Simple segmentectomy, n [%] P value

Total cases 111 121 –

Indications 0.08

Lung cancer 79 [71] 98 [81]

Metastasis 12 [11] 14 [12]

Benign lesion 20 [18] 9 [7]

Pathology 0.79

Adenocarcinoma 60/79 [76] 72/98 [73]

Squamous cells carcinoma 14/79 [18] 15/98 [15]

Others 5/79 [6] 11/98 [11]

Size of the tumor (millimeters), mean [range] 16.9 (6.0–40.0) 17.9 (6.0–49.0] 0.42

Tumor >2 cm 18 [16] 23 [23] 0.89

Table 2 (continued)
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Table 2 (continued)

Characteristics Complex segmentectomy, n [%] Simple segmentectomy, n [%] P value

pT stage 0.33

pT1 65 [82] 76 [78]

pT2 11 [14] 18 [18]

pT3 2 [3] 4 [4]

pT4 1 [1] 0

pN stage

pN0 72 [91] 90 [92] 0.88

pN1 2 [3] 5 [5]

pN2 5 [6] 3 [3]

Lobe <0.0001

Upper lobe 84 [76] 49 [40]

Lower lobe 27 [24] 72 [60]

Multiple segment 44 [40] 65 [54] 0.03

Side 0.0004

Right 53 [48] 31 [26]

Left 58 [52] 90 [74]

Segment –

S1 19 [17] –

S2 13 [12] –

S3 15 [14] –

S1+2 31 [28] –

S1+3 6 [5] –

S1–3 – 31 [26]

S4+5 – 18 [15]

S6 – 56 [46]

Basilar (S7-8-9-10) – 16 [13]

S8 12 [11] –

S9 5 [5] –

S10 6 [5] –

S8–9 1 [1] –

S9–10 3 [3] –

Operative time (mean) (minutes) 145 143 0.79

Operation performed within the first 2 years 25 [23] 46 [38] 0.01

VATS, video-assisted thoracic surgery; S, segment.
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was necessary for empyema (n=2), PAL (n=1), hemothorax 
(n=1) and completion lobectomy for nodal infiltration (n=1). 
In the SS group, re-operation was realized for PAL (n=2), 
hemothorax (n=1), massive subcutaneous emphysema (n=1), 
lingular torsion (n=1) and completion lobectomy for R1 
resection on the stapler line. Median length of drainage was 
not statistically different among both groups. However, CS 
group presented a shorter LOS in comparison to simple 
segmentectomy. During the first 2 years post-operatively, 
the CS group did not show a statistical difference in terms 
of total complications (OR 0.69; 95% CI: 0.24–1.92; 
P=0.47) or delayed discharge >5 days (OR 0.99; 95% CI: 
0.40–2.40; P=0.98).

On univariate analysis (Table 4), the American Society 
of Anesthesiologists (ASA) score >2 and tobacco use were 
significantly associated with postoperative complications. 
Right-sided segmentectomies presented significantly 
fewer post-operative complications. As shown in Table 5, 

significant risk factors for delayed discharge (>5 days of 
LOS) were identified as chronic obstructive pulmonary 
disease (COPD), tobacco use, FEV1 <60, DLCO <60, and 
removal of multiple segments. On the other hand, right-
sided procedures and CS were associated with a decreased 
rate of delayed discharge.

Discussion

Our study focused on patients undergoing segmentectomies 
by VATS. We have recently published our preliminary 
experience after implementation of a segmentectomy 
program showing that segmentectomies by VATS can be 
realized safely with acceptable morbidity and low mortality 
even during an initial experience (8). In this multicenter 
study, which compared surgical outcomes between SS 
and CS by VATS, we have shown that complications were 
comparable between the two groups, and that CS were 

Table 3 Post-operative outcomes

Outcomes Complex segmentectomy, n [%] Simple segmentectomy, n [%] P value

Total cases 111 121 –

Mortality 2 [2] 0 0.14

Complications

Overall 33 [30] 36 [30] 0.99

Pulmonary 27 [24] 33 [27] 0.65

Pneumonia 8 [7] 18 [15] 0.064

Pulmonary embolism 0 1 [1] 1

Air leak 12 [11] 9 [7] 0.37

Empyema 2 [2] 1 [1] 0.51

Hemothorax 2 [2] 1 [1] 0.51

Pneumothorax 8 [7] 7 [6] 0.66

Atrial fibrillation 5 [5] 7 [6] 0.66

Renal failure 2 [2] 2 [2] 0.93

Urinary retention 2 [2] 1 [1] 0.51

Digestive hemorrhage 0 1 [1] 1

Re-operation 5 [4.5] 6 [5] 0.76

Re-admission 1 [1] 2 [2] 0.61

Length of drainage (days), median [range] 1 [0–33] 2 [1–19] 0.95

Length of stay (days), median [range] 5 [1–36] 7 [2–31] 0.026

Delayed discharge (>5 days) 49 [44] 78 [64] 0.0018
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Table 4 Univariate analysis for risk factors of post-operative complication after VATS segmentectomies

Risk factors OR 95% CI P value

Complex 0.99 0.56–1.75 0.99

Gender 1.01 0.57–1.76 0.98

Age >70 years 0.98 0.55–1.76 0.95

ASA >2 1.77 1.05–2.97 0.03

COPD 1.59 0.86–2.91 0.14

Tobacco use 3.08 1.37–6.95 0.003

FEV1 <60 1.20 0.46–3.12 0.71

DLCO <60 1.61 0.84–3.06 0.15

Right side 0.51 0.27–0.96 0.034

Multiple segments 1.23 0.70–2.17 0.45

Upper segments 1.17 0.66–2.07 0.59

Operation time >2 h 1.54 0.84–2.83 0.16

Coronaropathy 1.87 0.81–4.31 0.15

VATS, video-assisted thoracic surgery; OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologists; COPD, chronic  
obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; DLCO, diffusing capacity of the lung for carbon monoxide.

Table 5 Univariate analysis for risk factors of delayed discharge (>5 days) after VATS segmentectomies

Risk factors OR 95% CI P value

Complex 0.43 0.25–0.73 0.0018

Gender (male) 0.63 0.37–1.07 0.09

Age >70 years 1.66 0.97–2.86 0.0625

ASA >2 1.88 1.15–3.08 0.098

COPD 2.57 1.39–4.75 0.0019

Tobacco use 1.98 1.07–3.66 0.03

FEV1 <60 3.90 1.27–11.99 0.0084

DLCO <60 2.04 1.07–3.91 0.0265

Right side 0.51 0.29–0.87 0.0137

Multiple segments 2.08 1.22–3.52 0.0061

Upper segments 1.08 0.64–1.82 0.77

Operation time >2 h 1.51 0.87–2.58 0.135

Coronaropathy 1.14 0.50–2.61 0.74

VATS, video-assisted thoracic surgery; OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologists; COPD, 
chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; DLCO, diffusing capacity of the lung for carbon 
monoxide.
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performed more frequently after an initial experience of  
2 years in anatomical resection by VATS. 

Complex VATS segmentectomy remains less frequently 
performed due to the complexity of the procedure. We 
therefore thought it was important to analyze the rate of 
post-operative complications, especially during the learning 
curve of this procedure. We decided to analyze peri- and 
post-operative end-points for patients undergoing VATS 
segmentectomy, and stratify them by procedure (simple 
vs. complex). Whilst there could have been other possible 
approaches, this one had the advantage of analyzing end-
points of direct interest to the surgeon and the patient, and 
to focus on clinically relevant questions. Our study involved 
a large enough group of patients, separated in sub-groups 
of approximately the same size, to draw initial conclusions 
with some degree of statistical soundness, despite the slight 
imperfections in the matching of patients between the two 
groups in terms of age, comorbidities and pre-operative 
pulmonary function.

We could make several observations. First, laterality of 
the surgical intervention was different in the two groups: 
patients undergoing CS were more frequently operated 
on the right lung and in the upper lobe than the patients 
undergoing a SS. These results could be explained by the 
fact that on the left side, trisegmentectomy (upper division 
segmentectomy, lingular sparing lobectomy) of the upper 
lobe is currently proposed as alternative to upper lobectomy 
and is an equivalent on the left side to the right upper 
lobe. As expected, the patients undergoing a SS were more 
frequently operated on multiple distant segments than those 
undergoing a CS. This follows directly from definitions of 
SS and CS established in our study. Surprisingly, however, 
we found that despite the increased technical difficulties, 
CS did not end up being longer operations. This might 
be explained by the observation that the majority of CS 
were carried out after the team had gathered more than 
2 years of experience with the VATS procedures, thus 
benefitting from the overall VATS learning curve. Recently, 
Handa et al. analyzed the surgical results of complex VATS 
segmentectomies (n=117) compared to simple VATS 
segmentectomies (n=92) for NSCLC (10). Interestingly, 
they reported an increased operating time for CS (180 vs. 
143.5 minutes, P<0.0001), without an elaborate explanation 
on this observation. In our group of patients, operative time 
was similar for both types of segmentectomy even though 
CS requires deeper dissection of the segmental bronchus, 
artery, and vein and division of several intersegmental 
planes. Based on our experience, we find it fair to state that 

the additional technical difficulties are not reflected by a 
concomitant longer operative time if the learning curve 
is already reached for VATS lobectomy and surgeons are 
experienced with more than 100 VATS lobectomies. 

In terms of post-operative results, we found that 
compared to SS, CS by VATS presented similar overall 
and pulmonary post-operative complication rates. This is 
extremely encouraging because this is likely to increase the 
acceptance of VATS for CS both for surgeons and patients. 
In addition, we did not observe differences in terms of re-
operation rates or re-admission rates, figures that are also 
likely to bring solace to prospective patients and surgeons 
who might initially be deterred by the technical difficulties 
associated with the procedure. In general, these post-
operative complication rates are better than previously 
reported rates, published in reports that found average 
overall complication rates up to 35% after segmentectomy 
(8,11-13). Our univariate analysis of risk factors relevant for 
post-operative complications included left-sided operation, 
tobacco use and ASA score >2. Some of these risk factors 
were already identified in other series (8,13,14). In general, 
tobacco use and ASA score >2 seem to be expected risk 
factors for increased post-operative complications. On 
the other hand, the fact that right-sided operations are 
associated with fewer post-operative complications is not 
fully explained and might be due to some bias. One might 
hypothesize that segmentectomy of the right lung may be 
better tolerated due to the size of the lung.

We were surprised to observe a statistical difference 
for the LOS with a shorter LOS in favor of CS, whereas 
median length of drainage was not statistically different. We 
also observed that some risk factors were correlated with a 
longer LOS (COPD; tobacco use; FEV1 <60; DLCO <60; 
operation on multiple segments), none of which seems to 
be particularly surprising. On the other hand, the fact that 
CS were associated with decreased rate of delayed discharge 
might come as a surprise. We think that these results could 
be explained by two aspects: first, most CS were realized 
after 2 years of experience in VATS segmentectomy and 
thus the learning curve was progressively reached allowing 
comparable length of operative time and post-operative 
outcomes. On the other hand, an enhanced recovery after 
surgery (ERAS) program has been introduced in one of 
the Hospitals which allowed to reduce the LOS from 7 to 
4 days in the last 2 years for anatomical lung resections by 
VATS (15). In their study, Handa et al. reported overall 
complications (24.8% vs. 22.8%), and PAL (11.9% vs. 
10.9%) nearly equivalent for both groups and in the 
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same range as the rates we report (10). They also found 
a decreased LOS (7 vs. 6 days) and decreased length of 
drainage (3 vs. 2 days) in favor of the SS without statistical 
significance. This might be seen as an opposite trend to the 
results that we report, although their results (as ours) point 
to differences of small magnitude, which might well explain 
the discordant directions.

In case of NSCLC, the location of the tumor and the 
localization of the appropriate intersegmental plane is 
determinant to achieve an oncological safety margin. In 
almost one third of cases, we used ICG as described in 
previous work, mainly during the initial phase (16,17). We 
consider that the use of intravenous ICG allows precise 
anatomical resection and facilitates the surgical approach 
during VATS to improve the success and quality of the 
segmentectomy at least during the learning curve. The 
success rate of ICG identification of the intersegmental 
plane has been reported to range from 88% to 100%. 
In addition, it has been shown that 10% of patients 
had modified intersegmental plane resection avoiding 
potential post-operative complication such as infarction 
or infection (17). These observations are generally 
positive but should not obliterate the fact that pulmonary 
segmentectomy in NSCLC patients remains controversial 
until the definitive results of the two ongoing randomized 
trials (NCT00499330) and (JCOG0802/WJOG4607L) 
comparing VATS segmentectomy and lobectomy. 
Pulmonary segmentectomy is currently considered 
appropriate for tumors with a diameter ≤2 cm with no 
nodal involvement but segmentectomy may offer better 
oncological outcomes than wedge resection in cases of 
early stage NSCLC by providing wider and deeper surgical 
margins and better nodal evaluation. Nodal upstaging was 
8.5% which is well comparable with other surgical series 
with small tumors (18). Only one patient presented an 
R1 resection not seen on frozen section but on definitive 
pathology thus required secondary lobectomy. We are 
currently evaluating the long-term survival and local 
recurrence rates, but due to the short follow-up, this point 
was not analyzed in the present study.

Our retrospective study presents several limitations. 
First, it includes a small number of patients, treated in two 
different institutions. This was a retrospective study, and 
we cannot exclude the possibility of a selection bias. Due to 
the retrospective nature of the study, we were not able to 
determine if there have been patients who were scheduled 
for an intentional segmentectomy but finally underwent 
lobectomy as a result of an intra-operative decision and 

thus fell out of the current analysis. In addition, one 
institution had an ERAS program in place and the other 
one did not. This means that the group of patients studied 
was inhomogeneous in several respects and that further 
stratification came at the expense of statistical power. 
Second, because of its retrospective nature, our study 
could not include data about complications during the 
operation, thus possibly missing some relevant information. 
We believe that complex VATS segmentectomy will only 
gain full acceptance when the above points have been 
successfully addressed and long enough follow-up has 
yielded convincing oncological results. In this respect, our 
study should be seen as an initial step to expand the reach of 
VATS for increasingly complex surgical interventions. 

In conclusion, our retrospective study of experience 
in two institutions suggests that despite theoretical major 
difficulties of CS, post-operative outcomes are similar 
to those of simple segmentectomy. Gradual experience 
and progressive acceptance seem to be key elements for 
successful implementation and could explain shorter LOS.
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