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Abstract

OBJECTIVES: The full thoracoscopic approach to major pulmonary resections is considered challenging and controversial as it might
compromise oncological outcomes. The aim of this work was to analyse the results of a full thoracoscopic technique in terms of nodal
upstaging and survival in patients with non-small-cell lung carcinoma (NSCLC).

METHODS: All patients who underwent a full thoracoscopic major pulmonary resection for NSCLC between 2007 and August 2016 were
analysed from an ‘intent-to-treat’ prospective database. Overall survival and disease-free survival were estimated using the Kaplan–Meier
curves and comparisons in survival using the log-rank test.

RESULTS: A total of 648 patients met the inclusion criteria, of whom 621 patients had clinical Stage I and 27 had higher stages (16 oligo-
metastatic patients were excluded from the analysis, 11 cT3 or cT4). The mean follow-up was 34.5 months. There were 40 conversions to
thoracotomy (6.3%). Thirty-day or in-hospital mortality was 0.95%. Complications occurred in 29.3% of patients. On pathological
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examination, 22.5% of clinical Stage I patients were upstaged. Nodal upstaging to N1 or N2 was observed in 15.8% of clinical Stage I
patients. Five-year overall survival of the whole cohort was 75% and was significantly different between clinical Stages IA (76%) and IB
(70.9%). For tumours <2 cm, no significant difference in overall survival was found for the segmentectomy group compared to the lobec-
tomy group: 74% versus 78.9% (P = 0.634).

CONCLUSIONS: Long-term survival is not compromised by a full thoracoscopic approach. Our results compared favourably with those of
video-assisted techniques.

Keywords: Lobectomy • Segmentectomy • Lung cancer • Survival

INTRODUCTION

Over the past 10 years, the rise in video-assisted thoracic surgery
(VATS) for treating early-stage non-small-cell lung carcinoma
(NSCLC) has been tremendous. After more than a decade of
skepticism, VATS anatomical resections have been mentioned in
2009 as an acceptable alternative to thoracotomy [1, 2] and
eventually recommended as the preferable approach for early-
stage NSCLC by the American College of Chest Physicians
(ACCP) guidelines in 2013 [3]. It is now known that VATS result
in decreased postoperative pain, improved immune tolerance
measured by cytokine release, reduced pulmonary complica-
tions, shorter hospital stay and better compliance to adjuvant
chemotherapy [4]. However, many points still require investiga-
tion. It is not clear whether the better results of VATS lobecto-
mies are related to the approach itself or to the concomitant
changes in patient profiles at high-volume VATS centres [5].
Indeed, biases in the selection of patients do most likely exist, as
VATS lobectomies are performed in patients with lower stage
tumours and, generally, when a non-complex resection is fore-
seen [6]. In addition, even though most publications based on
clinical or administrative databases suggest a lower postopera-
tive morbidity rate, the question of intraoperative complications
remains open, with some studies reporting a significant and wor-
rying rate of major intraoperative complications that do not
seem related to the surgical experience but might be inherent to
the thoracoscopic approach itself [7, 8]. Finally, the most import-
ant question is the effectiveness of this technique in treating lung
cancer, which is best evaluated by an analysis of long-term
survival.

A meta-analysis of 20 observational studies comparing thora-
coscopy to thoracotomy reported the advantage of long-term
survival in patients who underwent thoracoscopy [9]. In addition
to the selection bias due to their retrospective nature, these stud-
ies have 2 weaknesses: the heterogeneity of patients and the lack
of details on the technique used (pure thoracoscopic, video
assisted or hybrid) and on the type of lymph node (LN) dissec-
tion. The results are difficult to analyse as there are different
surgical techniques, with some comprising a minithoracotomy—
so-called hybrid—or an access incision, or no access incision with
a full endoscopic approach. The latter has been considered a
challenging or even unreasonable access because, as written sev-
eral years ago by some authors, it might compromise the onco-
logical results [10].

Since 2007, we have been using a standardized full thoraco-
scopic approach lobectomy or segmentectomy for clinical Stage
I NSCLC [11]. We have reported our results in terms of periopera-
tive outcome, morbidity [8] and quality of LN dissection [12], but
long-term survival data were missing. The aim of this work was
to analyse the results of the fully-closed chest technique in terms
of nodal upstaging and long-term survival.

MATERIALS AND METHODS

Patients

All patients who were operated on in our institution for NSCLC
between January 2007 and August 2016 by a full thoracoscopic
technique (FT) were included. Patients operated on after this date
were excluded to allow for a minimum follow-up time of 1 year.
The analysis was done retrospectively from our database. This
database (declared on CNIL1682873v0) is an ‘intent to treat’ pro-
spective database of all thoracoscopic procedures for major pul-
monary resections, including all converted patients. The study
was approved by the ethics committee for clinical research of the
French Society for Thoracic and Cardiovascular Surgery (CERC-
SFCTCV-2015-12-7-51-14-Lujo).

The database included clinical and pathological variables, type
of resection, intraoperative and postoperative data, complica-
tions, recurrence and survival. The preoperative staging was
based on a routine computed tomography (CT) scan, brain mag-
netic resonance imaging or a cerebral CT scan and a fluo-
rodeoxyglucose positron emission tomography scan (PET scan).
For patients with abnormal mediastinal and/or hilar LNs at CT
and/or PET, endobronchial ultrasound (EBUS) was performed for
mediastinal and hilar staging. In case of negative EBUS and a
highly suspicious malignant LN, mediastinoscopy was performed.
Postoperative staging was done using the 7th edition of the
tumour, nodes and metastasis (TNM) classification. Overall sur-
vival (OS) was defined as the time between surgery and death—
whatever the cause—or date of the last follow-up. Disease-free
survival (DFS) corresponded to the time from surgery to tumour
recurrence (local, metastatic or metachronous NSCLC) or death.
Tumour-specific survival (TSS) corresponded to the time from
surgery to lung-cancer-related death. In-hospital mortality was
defined as death within 30 days after the operation or in-hospital
death without discharge.

Operative technique

Lobectomies and segmentectomies were performed by all 4 sur-
geons of our department using the same standardized technique
with pure monitor display, high-definition imaging system and a
10-mm deflectable endoscope hold on a scope positioner, 3–4
ports without utility incision (an incision was made at the com-
pletion of the resection, its length being suited to the size of the
specimen) and specifically designed small-diameter instruments.
Compared to the so-called ‘anterior’ approach that comprises a
dissection of the hilum with a fissure last division, our technique
can be compared to the ‘posterior’ approach described by
Walker et al. [13], which should rather be named ‘fissure-based’
or ‘fissure-first’ with dissection of the pulmonary artery branches
in the fissure. The lobectomy or segmentectomy was completed
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with a radical hilar and mediastinal LN dissection, according to a
previously reported technique [12]. In summary, Stations 2, 4 and
7–10 on the right side and Stations 5–10 on the left side were to-
tally removed. All peribronchial (Station 11) and interlobar and
intersegmental (Stations 12 and 13) were cleared. During seg-
mentectomies, intersegmental LNs and safety margins were
examined by a frozen section. The procedure was converted to
lobectomy in case of invaded LN or insufficient safety margin.
Although LN dissection was radical in most patients, it was only
partial or even not performed in patients older than 80 years
when adjuvant chemotherapy would have been unfeasible, re-
gardless of the postoperative stage.

Anatomical sublobar resections (SLRs), i.e. segmentectomies,
were performed in cT1a and in some cT1b tumours for patients
who had undergone a previous major pulmonary resection and/or
whose pulmonary function was poor and/or who presented with 2
synchronous or metachronous tumours. The chest tube was
removed if daily output was inferior to 400 ml with no air leakage.

Statistical analysis

Statistical analysis was performed using the IBM SPSS software ver-
sion 25 for windows. Variables are expressed as median with lower
and upper quartiles and categorical variables as absolute and relative
frequencies. Analysis of follow-up data was done using the Kaplan–
Meier method, and groups were compared with the log-rank test.
Primary outcome was survival expressed as mean and 95% confi-
dence interval. We also performed univariable and multivariable
Cox regression analyses on OS and TSS. Univariable models were fit-
ted to all potential predictors, and those with a P-value <0.2 were
included in a multivariable model. The proportional hazard assump-
tion was checked with log–log plots.

RESULTS

Demographics

At the time of writing this article, 1217 FT major pulmonary
resections—regardless of the indication—were performed in our
department (Table 1). The present study is based on a total of
648 patients presenting with proven or suspected NSCLC who
were operated on by an FT between January 2007 and August

2016. Sixteen oligometastatic Stage IV patients (13 brains, 2 adre-
nals and 1 pleural metastasis) were excluded. Among the remain-
ing 632 patients, 465 had clinical Stage IA and 156 clinical Stage
IB tumours. Eleven patients had a higher staging because of sep-
arate nodule in the same lobe (n = 6), separate nodule in an ipsi-
lateral lobe (n = 1) or tumour size >5 cm (n = 4). FT was, however,
decided in these patients because there was no nodal involve-
ment on a PET scan.

Perioperative results

The median operating time was 160 min (125–200 min), and the
median estimated blood loss was 100 ml (50–150 ml) (Table 2).
There were 40 conversions to thoracotomy (6.33%) for vascular
tears (n = 15), oncological (n = 2) or technical issues such as dense
adherences, or a totally fused fissure (n = 23). Thirty-day or
in-hospital mortality was 0.95%: 1 intraoperative death due to
cardiac injury already reported [8], 3 acute respiratory distress
syndromes, 1 secondary rupture of the spleen and 1 massive pul-
monary embolism. Complications occurred in 185 patients
(29.3%). Most frequent complications were prolonged air leak
(n = 59), atrial fibrillation (n = 23) and pneumonia (n = 22). Chest

Table 1: Demographics

Characteristics N = 632

Age (years), median (25th and 75th percentiles) 65 (59–71)
Gender, female/male (%) 321 (50.8)/311 (49.2)
Body mass index (kg/m2), median

(25th and 75th percentiles)
24 (21–28)

FEV1 (% of predicted), mean ± SD 89 ± 9.8
Clinical stage, n (%)

IA 465 (73.6)
IB 156 (24.7)
IIA–B 10 (1.6)
IIIA 1 (0.2)

Data are presented as absolute numbers or in median (lower and upper
quartiles).
FEV1: forced expiratory volume in 1 s; SD: standard deviation.

Table 2: Surgical and postoperative data

Resection type n Percentage

Left upper lobe 98 15.5
Left lower lobe 68 10.8
Right upper lobe 184 29.1
Middle lobe 40 6.3
Right lower lobe 79 12.5
Bilobectomy 3 0.5
Segmentectomy 160 25.3

Operating time (min) 160 (125–200)
Estimated blood loss (ml) 100 (50–150)
Conversions 40 6.3
30 Days or in-hospital mortality 6 0.95
Chest tube duration (days) 3 (2–5)
Length of hospital stay (days) 6 (5–8)

Data are presented as absolute numbers or in median (lower and upper
quartiles).

Table 3: Pathological data

Pathological stage n Percentage

IA 281 44.5
IB 201 31.8
IIA 54 8.5
IIB 39 6.2
IIIA 57 9

Tumour size (cm)
Median 2.2 (1.6–3)

<_2 cm 285 46.5
>2 cm <_ 5 cm 307 50.1
>5 cm 21 3.4

Histology
Adenocarcinoma 498 78.8
Squamous-cell carcinoma 102 16.1
Large-cell carcinoma 32 5.1

Data are presented as absolute numbers or in median (lower and upper
quartiles).
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tube duration was 3 days (2–5 days), and length of stay was 6 days
(5–8 days).

Pathological analysis

Adenocarcinoma was the most frequent histological type (n = 498,
78.8%) (Table 3). Four hundred and eighty-one patients (77.8%)
were in Stage I on pathological examination, whereas 140 patients
(22.5%) were upstaged (Table 4). The reasons for T-upstaging
(n = 51) were the discovery of a second tumour in the same lobe
or in an ipsilateral lobe, invasion of the parietal pleura and under-
estimation of tumour size on a preoperative CT scan. The rate of

pT3 upstaging is likely to be overestimated as some of the patients
had a doubtful additional small nodule in the same lobe on a pre-
operative CT scan. Nodal upstaging to N1 (n = 49) or N2 (n = 49)
was observed in 98 (15.8%) of clinical Stage I patients. Sixty-two
(63.3%) of these patients received adjuvant chemotherapy. The
main reason for not administrating adjuvant treatment was age >
80 years. Nine patients had combined T and N upstaging.

Survival

The mean follow-up was 34.5 months. Five-year OS of the whole
cohort was 75% (95% confidence interval 69.9–80.1%) and TSS

Figure 1: (A–D) OS, TSS and disease-free survival. (A) OS and TSS of all patients (n = 632). (B) OS by clinical Stages IA and IB (n = 621) and pathological Stages IA and IB
(n = 482). (C) OS stratified by pathological stage (n = 569). (D) Disease-free survival stratified by pathological stage (n = 632). OS: overall survival; TSS: tumour-specific survival.

Table 4: Reasons for tumour upstaging of clinical Stage I patients

Pathological stage Reasons of upstaging

IA/IB IIA IIB IIIA Total of patients with
higher
stages than IA/IB

>_T3 N1 N2

Clinical IA (n = 465) 383 25 18 39 82 23 28 34
Clinical IB (n = 156) 98 28 14 16 58 11 21 15
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86.4% (95% confidence interval 82.3–90.5, Fig. 1A). There was a
significant difference (P = 0.05) in 5-year OS between clinical
Stage IA (76.4%, 70.3–82.5%) and IB patients (70.9%, 61.1–80.7%,
Fig. 1B). Five-year OS of the whole cohort was 79.5%, 76.9%,

63.9%, 75% and 62% for Stage IA, IB, IIA, IIB and IIIA, and DFS
was 71.1%, 63.6%, 38.7%, 45.7% and 36.7%, respectively. Details
are shown in Fig. 1C and D. Based on the univariable Cox regres-
sion analysis for OS, we selected age <75 years, female gender,

Figure 2: (A and B) Comparison of OS and TSS after lobectomy and segmentectomy. (A) OS and TSS lobectomy versus segmentectomy for tumour size <_2 cm (n = 285). (B)
OS lobectomy versus segmentectomy for tumour size <_2 cm, stratified by pathological nodal status (n = 285). OS: overall survival; TSS: tumour-specific survival.

Table 5: Cox regression analysis for OS and TSS

Univariable Multivariable

HR (95% CI) P-value HR (95% CI) P-value

OS
Age <75 years 0.577 (0.363–0.915) 0.020* 0.612 (0.383–0.979) 0.041*
Female gender 0.564 (0.377–0.846) 0.006* 0.621 (0.409–0.944) 0.026*
Lobar resection 0.897 (0.510–1.269) 0.348
Blood loss per decilitre 1.061 (1.006–1.118) 0.030* 1.050 (0.991–1.113) 0.101
Pathological stage 0.016* 0.035*

IA 0.423 (0.226–0.789) 0.420 (0.223–0.792)
IB 0.515 (0.272–0.975) 0.489 (0.256–0.932)
IIA 0.999 (0.476–2.096) 0.858 (0.403–1.823)
IIB 0.694 (0.267–1.808) 0.668 (0.254–1.758)
IIIA Ref. Ref.

Tumour size <_2 cm 0.770 (0.512–1.157) 0.209
Histological type 0.040* 0.168

Adenocarcinoma 0.722 (0.430–1.215) 0.804 (0.467–1.383)
Squamous-cell carcinoma Ref. Ref.
Large-cell carcinoma 1.583 (0.745–3.361) 1.473 (0.678–3.198)

TSS
Age <75 years 0.783 (0.392–1.564) 0.488
Female gender 0.516 (0.294–0.905) 0.021* 0.582 (0.326–1.039) 0.067
Lobar resection 0.668 (0.366–1.221) 0.190 0.462 (0.240–0.888) 0.020*
Blood loss per decilitre 0.990 (0.865–1.134) 0.888
Pathological stage 0.002* 0.002*

IA 0.210 (0.090–0.487) 0.195 (0.083–0.462)
IB 0.447 (0.206–0.969) 0.394 (0.180–0.865)
IIA 0.905 (0.367–2.230) 0.827 (0.330–2.071)
IIB 0.334 (0.073–1.524) 0.332 (0.073–1.519)
IIIA Ref. Ref.

Tumour size <_2 cm 0.593 (0.331–1.062) 0.079 0.711 (0.369–1.372) 0.310
Histological type 0.322

Adenocarcinoma 1.551 (0.613–3.926)
Squamous-cell carcinoma Ref.
Large-cell carcinoma 2.592 (0.748–8.980)

*Statistically significant (P < 0.05).
CI: confidence interval; HR: hazard ratio; Ref.: reference category.
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low blood loss and pathological stage for a multivariable analysis.
Age <75 years, female gender and pathological stage showed sig-
nificant effects in the multivariable analysis (Table 5). In the Cox
analysis for TSS, the pathological stage and the type of resection
were significant.

With progressive change in our patients’ profile, the propor-
tion of SLRs rose from 8% in 2007–2008 to 37.6% in 2016. Fig. 2A
shows the survival curve (OS and TSS) for lobectomy versus seg-
mentectomy in patients with tumours <_ 2 cm, for which segmen-
tectomy was intended. The difference in OS was not statistically
different (P = 0.634, 78.9%, 70.5–87.3% vs 74.2%, 58.3–90.1%).
However, the groups are not matched, and there is a tumour size
difference between the groups: 1.7 cm (1.5–2 cm) in the lobec-
tomy group and 1.5 cm (1.2–1.8 cm, P < 0.001) in the segmentec-
tomy group. Nodal upstaging (N1: 17 vs 1, N2: 12 vs 6, P = 0.024)
and number of LNs resected (19 vs 14, P < 0.001) were signifi-
cantly higher in lobectomy than in segmentectomy. This had no
impact on OS as seen in Fig. 2B. On the other hand, a subgroup
of patients (n = 33) had no systematic radical lymphadenectomy.
This group was significantly older [77 years (62–83 years) vs
65 years (59–71 years), P < 0.001] and had a higher percentage of
SLR (n = 15, 45.5% vs n = 145, 24.2%, P = 0.006). Excluding this
subgroup from the analysis had no significant impact on 5-year
OS (75.3% vs 75.%), and we decided to keep them included to re-
flect the results of our clinical practice.

DISCUSSION

Acceptance of a thoracoscopic approach for major pulmonary
resections took time, mainly because of doubts about its onco-
logical validity. However, over the recent years, a rise in the use
of VATS has been observed, and the ACCP guidelines now
recommend the VATS approach for Stage I NSCLC [3]. As recently
stressed by Treasure [14], surgeons performing VATS lobectomy
want to reach multiples goals: safety, efficacy and oncological ef-
fectiveness measured by OS and DFS. We will use this framework
to comment our results.

Safety

Establishing a VATS lobectomy programme means a steep
learning curve, and even specialized centres cannot avoid major
intraoperative and postoperative complications, as reported by
the survey of the European Society of Thoracic Surgeons [7].

Nevertheless, most studies report comparable or better peri-
operative morbidity and mortality with VATS lobectomy com-
pared to the open approach, which was even more
pronounced in high-volume centres [5]. Similar conclusions are
reached when focusing on VATS resections for lung cancer,
with a significant reduction in the length of stay in high-volume
centres [5].

Efficacy

Efficacy is defined as ‘whether the technique achieves the initial
intention of the treatment which is to remove the lobe or the
segment successfully’ [14]. The full thoracoscopic approach did
not seem to result in an oncological compromise. Planned seg-
mentectomy were extended to lobectomy if intersegmental LNs
were positive at ‘frozen section examination’ and/or if the safety
margin was not sufficient [15]. If the principles of an oncological
resection could not be matched [16], thoracoscopy was con-
verted to thoracotomy. Finally, all patients had the initially
planned surgery (lobectomy/segmentectomy) or—in the segmen-
tectomy group—a more extensive resection (adjacent segmentec-
tomy of lobectomy) if needed [15]. In the group of patients who
underwent a more extensive resection than initially planned,
there was no conversion.

Oncological effectiveness

Oncological effectiveness refers to whether VATS major pulmon-
ary resection achieves similar oncological results as conventional
thoracotomy. In lung cancer surgery, resections must be per-
formed according to the oncological principles defined by the
International Association for the Study of Lung Cancer (IASLC):
free resection margins proved microscopically, systematic nodal
dissection or lobe-specific systematic nodal dissection, no extrac-
apsular nodal extension of the tumour and the highest medias-
tinal node removed must be negative [16]. Effectiveness can only
be definitively evaluated by the study of DFS and long-term sur-
vival. As setting randomized trials comparing different approach-
es and using such criteria appear unrealistic, evaluating the
fulfilment of the aforementioned resection criteria can be
achieved by studying and comparing OS and DFS of a large ser-
ies. Analysing these parameters in our intention-to-treat VATS
series was the main reason of this study. In a published series,
long-term survival after VATS lobectomy for NSCLC ranges from

Table 6: Survival after VATS major pulmonary resections in published studies

Author Year of publication Number of patients 5-Year OS (%) Conversion (%) Mortality (%) Morbidity (%)

This series 2018 632 75.0 6.3 0.95 29.3
Yang et al. [31] 2016 141 73.5 (I) 6 1 NR
Liu et al. [32] 2014 123 71.6 NR 0 25.2
Lee et al. [33] 2013 188 76.5 (I) 2 0 13.9
Kuritzky et al. [34] 2013 40 97 (IA) 10 2.5 27.5
Port et al. [35] 2011 40 76 15 0 35
Yamamoto et al. [36] 2010 325 85 (IA) 6.4 0.3 28
Flores et al. [37] 2009 398 79 17 0.3 24
McKenna et al. [38] 2006 1015 72 2.5 0.8 15.3

NR: not reported; OS: overall survival; VATS: video-assisted thoracic surgery.

6 J.A. Lutz et al. / European Journal of Cardio-Thoracic Surgery

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/advance-article-abstract/doi/10.1093/ejcts/ezy245/5058116 by E-Library Insel user on 08 January 2019

Deleted Text: less than 
Deleted Text: sublobar resection
Deleted Text: &thinsp;
Deleted Text: <italic>p</italic>&thinsp;
Deleted Text: <italic>p</italic>&thinsp;
Deleted Text: <italic>p</italic>&thinsp;
Deleted Text: lymph node
Deleted Text: <italic>p</italic>&thinsp;
Deleted Text: (
Deleted Text: <italic>p</italic>&thinsp;
Deleted Text: )
Deleted Text: sublobar resection
Deleted Text: <italic>p</italic>&thinsp;
Deleted Text: &thinsp;
Deleted Text: Discussion
Deleted Text: But
Deleted Text: -
Deleted Text:  <italic>et<?A3B2 show $146#?>al.</italic>
Deleted Text: s
Deleted Text: overall survival
Deleted Text: disease-free survival
Deleted Text: : 
Deleted Text: centers 
Deleted Text: -
Deleted Text: centers 
Deleted Text: of
Deleted Text: centers 
Deleted Text: ``
Deleted Text: '' 
Deleted Text: lymph node
Deleted Text: IASLC (
Deleted Text: disease-free 
Deleted Text: d
Deleted Text: s
Deleted Text: l
Deleted Text: bove-
Deleted Text: overall 
Deleted Text: disease-free survival
Deleted Text: Analyzing 
Deleted Text:  
Deleted Text:  
Deleted Text: -


63.6% to 97% (Table 6). In a large meta-analysis published
in 2009, Yan et al. [2] demonstrated that VATS lobectomy for
early-stage NSCLC could become a valid alternative to open sur-
gery. In a matching study by Paul et al. [17], OS, cancer-specific
survival and DFS in 2 groups of 1195 patients were similar, and
there was no indication that VATS was inferior to thoracotomy.
Several authors have reported better or at least equivalent long-
term survival rates for VATS lobectomy [17–20]. Our long-term
outcome measured by OS and DFS rates was comparable with
that of other studies analysing VATS lobectomies performed by
any other VATS technique or by open surgery.

Does the technique influence long-term outcome?

There is no precise standard technique for VATS lobectomy, and
the favoured surgical approach varies dramatically among sur-
geons. Dissections can begin in the fissure or in the hilum (anter-
ior to posterior). In our department, all operations were
performed according to a previously reported technique based
on a full thoracoscopic and fissure-first approach [12]. The reason
for favouring this approach was to allow an extensive dissection
of LNs in the fissure with a frozen section if needed, to detect
variations of vascular anatomy and to dissect and clear the origin
of the lobar or segmental bronchus. Recently, Samejima et al.
[21] have demonstrated that a fissure-first approach does not in-
crease the prevalence of air leaks, operating time and duration of
chest drainage, while enabling a better LN dissection. This ap-
proach has been criticized for being challenging and more stress-
ful in case of vascular injury and conversion because of the lack
of utility incision. However, these criticisms do not seem to be
supported by the operative time, intraoperative blood loss, con-
versions and complications rates and eventually by the long-term
survival [9].

Our upstaging rate of 22.5% could be split into T-upstaging
(8.2%), which was mainly explained by the discovery of a second
tumour in the same lobe and an N-upstaging of 15.8%. An FT
enables LN dissection as complete as through a thoracotomy,
as demonstrated by our team [12]. This is made possible, thanks
to the use of a deflectable endoscope that provides a bird’s eye
view on all LN stations and several instruments that facilitate ex-
posure and LN grasping. In our series, the final rate of nodal
upstaging in clinical Stage I patients was 7.9% for N1 and 7.9%
for N2. This is comparable to the rates obtained by thoracot-
omy in our department [12] and higher than the 3.6% reported
by Khullar et al. [22] for the VATS approach or the 11.9%
reported by Medbery et al. [23] for open approach. However,
there is still an ongoing debate on the efficacy of VATS lympha-
denectomy. Results of the American College of Surgery
Oncology Group Z0030 Trial showed no difference in the num-
ber of LNs removed by VATS compared with open thoracot-
omy, but conclusions of other studies vary. Boffa et al. [24]
reported that N1 upstaging was significantly lower in the VATS
group than in the thoracotomy group. This difference disap-
peared as experience increased.

Segmentectomies

A substantial proportion of the patients had an anatomical SLR.
The main indications were metachronous or synchronous NSCLC
in patients with poor lung function and/or major comorbidities.
However, oncological results of SLR are still a matter of debate.

Whitson et al. [25] analysed the survival of 14 473 patients who
underwent either lobectomy or SLR for Stage I NSCLCs from the
Surveillance Epidemiology and End Results (SEER ) database.
They demonstrated that lobectomy had a significantly better sur-
vival, even for tumours less than 2.1 cm in diameter. However, in
such a multicentric analysis, information on technical details and
on intraoperative study of resection margins and intersegmental
LNs is unavailable. Most likely, some SLR patients were under-
staged, which might explain a pejoration of survival. If all patients
had an intraoperative examination of an LN and of the resection
margins, some would be converted into lobectomy, and the
results could be more adequately compared [16].

Compared to lobectomies, SLRs comprise an increased risk
of local recurrence as resection margins tend to be closer to
the tumour. Schuchert et al. [26] demonstrated that outcomes
of segmentectomies compare favourably with lobectomy for
Stage I NSCLC but that margin/tumour ratios of less than 1 are
associated with a higher rate of recurrence. As suggested by
other authors [27], we routinely use a modelling software be-
fore SLR, which comprises a virtual safety margin that helps
the decision-making and the planning of an adequate
resection.

Finally, intersegmental LN clearance appears to be of major im-
portance during thoracoscopic segmentectomies [25, 28]. Wolf et al.
[28] have demonstrated in patients with small-sized NSCLCs that
local recurrence rate and OS and recurrence-free survival distribu-
tions were similar between segmentectomy and lobectomy when
LNs were sampled during segmentectomy. Although an intraopera-
tive frozen section is time-consuming, systematic examination of
Stations 10–12 LNs and resection margin measurement were per-
formed in the present study, which may explain the similar 5-year
OS and DFS between the segmentectomy and lobectomy groups in
our series. Okada et al. [29] also reported that long-term survival
was equivalent for segmentectomy and lobectomy in patients with
Stage IA adenocarcinomas. Similarly, Cao et al. [30] demonstrated in
a large meta-analysis that patients intentionally treated by an SLR
for an early-stage peripheral NSCLC had OS and DFS that were not
significantly different from those treated by lobectomy. They also
showed that the lower OS in the ‘compromised group’ of patients
who underwent segmentectomies due to medical comorbidities or
cardiopulmonary limitations were probably explained by non-
cancer-related deaths in these fragile patients rather than the onco-
logical inferiority of SLR (30).

CONCLUSION

Despite the lack of randomized studies comparing thoraco-
scopy and thoracotomy, it is now known, based on large cohort
studies, that the early outcome of major pulmonary resection is
more favourable when performed by thoracoscopy. There is
also a growing body of evidence that long-term survival is not
compromised by a video-assisted or thoracoscopic approach.
This study adds the results of a full-closed-chest technique and
shows that a utility incision is not a condition for achieving sat-
isfactory oncological results in terms of nodal upstaging and
survival.
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