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Background: Nowadays, video-assisted thoracic surgery (VATS) has become a valid alternative to open 
thoracotomy for pulmonary metastasectomy (PM) in selected patients. The aim of this study was to analyze 
our personalized approach for VATS PM in term of postoperative outcomes and prognostic factors of 
recurrence and survival.
Methods: Retrospective analysis of all consecutive patients who underwent VATS PM between 2003 and 
2018 in our institution. All patients were individually discussed during a multidisciplinary meeting.
Results: In total, 189 patients (female/male: 84/105) with a median age of 64 years underwent VATS 
PM for solitary (77.2%) or multiple (22.8%) metastases in the context of colorectal carcinoma (30.2%), 
melanoma (20.1%), sarcoma (14.3%) or other primary tumors (35.4%). Surgical resection was performed by 
wedge resection in 156 (82.5%), segmentectomy in 15 (7.9%) and lobectomy in 18 cases (9.5%). The overall 
30-day post-operative mortality and morbidity rates were 0% and 7.9% respectively. During a median 
follow-up of 33 months (IQR 17–56 months) after PM, recurrence was identified in 120 patients (63.5%). 
Colorectal cancer (HR 0.56) was identified as a protective factor against recurrence, whereas age <70 years 
(HR 1.73) and previous extra-thoracic metastases (HR 1.53) were identified as risk factors of recurrence. 
Repeated PM (RPM) was performed in 43 patients (22.8%), of which 16 (8.5%) underwent ipsilateral lung 
surgery. VATS approach was preferred in 76.7% of RPMs and wedge resections in 62.8%. Post-operative 
30-day cardiopulmonary complication rate was 18.6% after RPM. The 5-year OS rate after first PM was 
63%. Colorectal cancer (HR 0.41) and RPM (HR 0.34) were identified as individual prognostic factors for 
better survival.
Conclusions: Individualized approach for VATS PM yields low post-operative morbidity and favorable 
oncological outcomes. 
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Introduction

Pulmonary metastases are diagnosed in 30% of patients 
with solid malignant tumors and are known to worsen their 
prognosis (1,2). Surgery has been demonstrated to allow 
improvement of survival prognosis, if several selection 
criteria are met (1,3). As a result, surgical pulmonary 
metastasectomy (PM) has become an accepted option 
for the multimodal management of these patients and an 
important part of thoracic surgeons’ daily activities (4-7). 

Since the introduction of the video-assisted thoracic 
surgery (VATS) technique in the early 1990s, several series 
demonstrated its advantages over open thoracotomy for 
PM (8-11). In brief, VATS allows a better visualization 
of the pleural cavity, generates less post-operative pain 
and morbidity, thus shorter hospital stays as compared to 
thoracotomy (12). Moreover, fewer adhesions are created 
thanks to smaller incisions and less traumatic tissue 
dissection. This facilitates repeated surgeries in case of 
the frequently observed recurrences (12). The importance 
of the VATS approach is even higher with the recent 
development of thin-slice (1-mm) CT-scans, which allow a 
better detection of pulmonary metastases before surgery (8).  
Thus, complete resection of pulmonary metastases can 
be achieved by VATS in most cases, since the majority of 
pulmonary metastases are peripherally located and easily 
accessible. 

However, various criteria for choosing a VATS approach 
over open thoracotomy for PM are described in the 
literature. In addition, authors tend to emphasize different 
elements, which creates an unclear situation when it comes 
to decision-making criteria for the more suitable approach. 
Ideally, these would be streamlined and generally accepted. 
Since 2003, we have adopted a VATS approach for solitary 
pulmonary metastasis when technically feasible. However, 
with growing experience, we have extended our criteria 
for multiple peripheral lesions or centrally located lesions 
requiring an anatomical pulmonary resection. Our decision-
making process also includes a multidisciplinary discussion 
of each case in regular tumor board meetings and the 
surgical approach as well as parenchymal resection type 
and extent are individually decided based on several criteria 
(Table 1) (13,14). 

We analyzed our decision criteria to ensure that we did 
not only offer VATS approach to the most eligible patients, 
but that we achieved the highest possible benefits for a given 
patient by choosing the absolutely best surgical approach 
for each individual case. Our study objective was to analyze 

the postoperative outcomes of patients undergoing VATS 
PM and to determine prognostic factors of survival and 
recurrence in order to propose a personalized approach for 
VATS PM. We present the following article in accordance 
with the STROBE Reporting Checklist (available at http://
dx.doi.org/10.21037/vats-2020-lm-04).

Methods

Study design

This study includes a review of the data of all consecutive 
adult patients who underwent PM by VATS in our 
institution between July 2003 and November 2018. We 
excluded patients who underwent a diagnostic procedure, an 
open thoracotomy or whose operation had to be converted 
from VATS to open thoracotomy during surgery. 

Patient selection 

Each individual case was discussed in an interdisciplinary 
tumor board involving oncologists, thoracic surgeons, 
pulmonologists and radiologists. Our personalized 
treatment strategy was defined to spare pulmonary 
parenchyma to the maximal possible extent whilst offering 
the least invasive procedure.  

First, within one month prior to surgery, all patients 
underwent a complete radiological and physiological 
assessment, including a thin-slice (1 mm) helical chest 
CT-scan to precisely determine the number, size and 
localization of pulmonary metastases and a positron 
emission tomography (PET) scan to evaluate lymph node 
(LN) involvement and exclude extra-thoracic metastases if 
primary tumor was avid on fluorodeoxyglucose (FDG). In 
case of unclear diagnosis, the results of a trans-bronchial 
or percutaneous biopsy were added. Each patient’s 
tolerance to surgical resection was tested by spirometry and 
transthoracic echocardiography (15). 

A surgical PM indication was agreed upon for carefully 
selected patients who fulfilled the following criteria (3): 
(I) the pulmonary metastases can be completely resected; 
(II) the primary tumor is controlled; (III) there is no 
other extra-pulmonary metastases or if there are, they can 
be resected completely before PM; (IV) the pulmonary 
metastases can be completely resected without impacting 
the patient’s respiratory functions; (V) there is no better 
alternative systemic treatment. 

The extent and type of pulmonary resection was 
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individually discussed based on the localization, size and 
number of metastases. We defined an indication for VATS 
when there were three lesions or fewer, all lesions were 
peripherally located and amenable to wedge-resection or, in 
cases of central lesions, segmentectomy or lobectomy were 
possible. In selected cases, more than three lesions could be 
potentially resected by VATS when peripherally located or 
if all lesions were present in the lobe or segment requiring 
an anatomical resection. Additionally, the size of the lesion 
was determinant if it could be removed through the utility 
incision without rib retractor (normally less than 5 cm). 
When anatomical resection was required by VATS but 
lesser resection was possible by thoracotomy, thoracotomy 
was chosen based on our policy to spare pulmonary 
parenchyma to the maximal possible extent. 

Data collection

We extracted data from our electronic database and 
medical records on a retrospective basis. Data included: 

patients demographics and comorbidities; primary 
tumour and pulmonary metastasis characteristics; surgical 
characteristics; post-operative outcomes up to 30 days after 
surgery; recurrences and repeated PM (RPM), if any, and 
their characteristics. In addition, disease-free interval (DFI) 
and overall survival (OS) were assessed. The time interval 
between the resection of the primary tumour and the first 
PM was defined as DFI1 and the time interval between first 
PM and cancer recurrence was defined as DFI2. Pulmonary 
metastases were defined as “synchronous” when diagnosed 
at the same time as the primary tumour diagnosis and 
“metachronous” otherwise. 

Operation and follow-up

Surgery was performed under general anaesthesia with 
protective single-lung ventilation. If necessary, for small 
and deep-located metastases, a percutaneous hook wire 
device was placed pre-operatively under CT-scan guidance 
to facilitate the intra-operative detection of the lesion. 
The VATS approach consisted in a classical three-port 
anterior approach, with an anterior 3-cm mini-thoracotomy 
in the fifth intercostal space, an anterior 10-mm trocar 
for the camera and a posterior 5-mm working incision. 
Mediastinal LN dissection was realized for lesions requiring 
an anatomical resection or when LN involvement was 
suspected on pre-operative radiological exams. Pulmonary 
specimens were extracted in a protective bag through the 
mini-thoracotomy. If the surgeon had doubts about the 
completeness of resection, a histological frozen section 
was performed. After surgery, all patients were transferred 
to the ward, except in case of severe cardiopulmonary 
comorbidities requiring active monitoring. The need for 
adjuvant therapy was discussed in the interdisciplinary 
tumour board for each patient. The follow-up consisted in 
a thoraco-abdominal CT-scan at 3, 6, 12, 18 and 24 months 
and then on a yearly basis. 

Statistical analysis

The results are presented as numbers with percentages 
for binary variables and medians with interquartile 
range (IQR) or means with standard deviation (SD) for 
continuous variables. OS was calculated using the Kaplan-
Meier and log-rank analyses. Cox regression univariate 
analysis was performed to identify prognostic factors of 
recurrence and survival. A two-tailed hypothesis was used 
and significance accepted if P<0.05. The Stata version 14 

Table 1 Selection criteria for VATS PM

Preoperative evaluation 

Thin-slice (1 mm) chest CT-scan

PET-scan

Pulmonary functions

Transthoracic echocardiography

Number of pulmonary metastases

Single vs. multiple

<3 or >3 lesions

Multiple lesions in the same segment/lobe

Localization

Peripheral

Central

Intra-operative localization necessary

Less parenchyma resected by thoracotomy than by VATS 
(precision surgery)

Mediastinal lymph nodes dissection 

Lymph node invasion on PET-scan 

In case of anatomical resection 

VATS, video-assisted thoracic surgery; PM, pulmonary 
metastasectomy; PET, positron emission tomography. 
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software (StataCorp, Texas USA) was used for statistical 
analyses. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by local ethics committee (No. 2019-02474) and 
individual consent for this retrospective analysis was waived. 

Results

A total of 189 patients (female/male: 84/105) with a median 
age of 64 years (IQR 52–71 years) underwent PM by VATS 
in the context of colorectal cancer (30.2%), melanoma 
(20.1%), sarcoma (14.3%) and other primary tumours 
(35.4%). Patient characteristics are shown in Table 2. The 
median DFI1 was 31 months (IQR 15–58 months) and 
23 (12.2%) patients presented synchronous metastases. 
Pulmonary metastases were solitary in 77.2% and multiple 
(range, 2–8) in 22.8% of cases. They were unilateral in 
84.1% of cases. Wedge resection was performed in 156 
(82.5%), segmentectomy in 15 (7.9%) and lobectomy in 

Table 2 Patient characteristics

Characteristics Number (N=189)

Sex, n (%)

Female 84 (44.4)

Male 105 (55.6)

Age, years, median [IQR] 64 [52–71]

Comorbidities, n (%)

Cardiopathy 14 (7.4)

High blood pressure 64 (33.9)

Pulmonary disease 14 (7.4)

Tobacco exposure 52 (27.5)

Diabetes 28 (14.8)

Renal failure 13 (6.9)

Immunosuppression 7 (3.7)

Primary tumor, n (%) 

Colorectal 57 (30.2)

Melanoma 38 (20.1)

Sarcoma 27 (14.3)

Other 67 (35.4)

Pulmonary metastases 

Solitary, n (%) 146 (77.2)

Multiple (range, 2–8), n (%) 43 (22.8)

2–3 pulmonary metastases 35 (18.5)

>4 pulmonary metastases 8 (4.2)

Unilateral, n (%) 159 (84.1)

Bilateral, n (%) 30 (15.9)

Synchronous, n (%) 23 (12.2)

Size, mm, mean ± SD 12.8±9.7

Margins, mm, mean ± SD 7.9±8

R0, n (%) 185 (97.9)

R1, n (%) 4 (2.1)

Lymph node involvement, n (%) 5 (2.6)

First PM, n (%)

Wedge resection 156 (82.5)

Segmentectomy 15 (7.9)

Lobectomy 18 (9.5)

Pneumonectomy 0

Table 2 (continued)

Table 2 (continued)

Characteristics Number (N=189)

Mediastinal lymph nodes dissection 29 (15.3)

Postoperative outcomes

Overall 30-d mortality 0

Overall 30-d morbidity, n (%) 15 (7.9)

Pulmonary complications 11 (5.8)

Cardiac complications 2 (1.1)

Duration of drainage, days, median [IQR] 1 [1–2]

Length of hospital stay, days, median 
[IQR]

3 [3–5]

Readmission (30-d), n (%) 3 (1.6)

Re-operation (30-d), n (%) 1 (0.5)

Cardiopathy (defined as the presence of ischemic events 
in the past, cardiac insufficiency, arrhythmia or aortic 
aneurysm); high blood pressure (defined as systolic arterial 
pressure >140 mmHg); pulmonary disease (defined as the 
presence of chronic obstructive pulmonary disease, fibrosis, 
pulmonary hypertension or sleep apnoea syndrome); diabetes 
(defined as fasting plasma glucose >7 mmol/L); renal failure 
(defined as glomerular filtration rate <30 mL/min/1.73 m2); R0 
(defined as the absence of cancer cells seen microscopically 
at the tumor site); R1 (defined as the presence of cancer cells 
microscopically at the tumor site). IQR, interquartile range; SD, 
standard deviation; PM, pulmonary metastasectomy. 
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18 (9.5%) patients. Complete resection was achieved in 
97.9% of cases and only four patients (2.1%) presented 
an R1 status, with tumoral invasion of the section slice. 
Mediastinal LNs dissection was realized in 29 (15.3%) and 
LN involvement was diagnosed in 5 (2.6%) patients.

There was no 30-day mortality and the overall 30-day 
morbidity rate was 7.9%, with 5.8% of pulmonary and 
1.1% of cardiac complications. The median durations of 
drainage and hospital stay were 1 day (IQR 1–2 day) and 
3 days (IQR 3–5 day), respectively. Three patients (1.6%) 
were readmitted during 30-day post-operative course. 
The first two required pleural drainage because of an 
inflammatory pleural effusion and a pneumothorax, without 
further complication. The third patient underwent a 
complementary resection by VATS because of an R1 status. 

During the follow-up (median 33 months; IQR 17– 
56 months), 120 patients (63.5%) presented a recurrence, 
with 28 (23.3%) patients with a recurrence in the lung 

only, 30 (25%) with a distant recurrence and 62 (51.7%) 
with both lung and distant recurrences (Table 3). The 
median DFI2 was 8 months (IQR 4–16.8 months). Of 
those 120 patients, only 43 (35.8%) underwent an RPM 
which involved the ipsilateral lung in 16 cases (37.2%). The 
RPMs were performed by VATS in 33 cases (76.7%) or by 
thoracotomy in 10 cases (23.3%). The extent of resection 
for the RPM procedures consisted in: wedge in 27 (62.8%), 
segmentectomy in 8 (18.6%) and lobectomy in 8 patients 
(18.6%). The 30-day post-operative cardiopulmonary 
complication rate was 18.6%. Two patients (4.7%) were 
readmitted for inflammatory pleural effusion requiring 
drainage without further complication. There was no re-
operation after RPM. 

Multivariate analyses identified two risk factors of 
recurrence: age <70 years (HR 1.73, 95% CI, 1.10–2.72, 
P=0.017), previous extra-thoracic metastases (HR 1.53, 95% 
CI, 1.06–2.22, P=0.022); and one protective factor against 
recurrence: colorectal cancer (HR 0.56, 95% CI, 0.37–0.86, 
P=0.007) (Table 4). The 5-year OS rate after first PM was 
63% (Figure 1). Two prognostic factors of better survival 
were identified in the multivariate analyses: colorectal 
cancer (HR 0.41, 95% CI, 0.20–0.85, P=0.016) and RPM 
(HR 0.34, 95% CI, 0.15–0.77, P=0.009) (Table 5).

Discussion

Over time, the predominant surgical approach for PM 
shifted from traditional open thoracotomy to VATS. This 
shift occurred in parallel to technological developments. 
Yet, a consensus over which approach is preferable is 
lacking, as are randomized trials analysing outcomes. 
Published retrospective studies and meta-analyses showed 
that VATS approach is comparable to open surgery in terms 
of survival and local recurrence (12,16-18). Then, either 
approach has been used based on surgeons’ preference and 
on the localization and size of the metastases. A number of 
surgeons embrace the advantages of VATS such as reducing 
surgical trauma, enhancing post-operative recovery, and 
minimizing pleural adhesions. This last advantage is 
particularly relevant considering the elevated probability 
of recurrence and future repeated resections (10,12,19). 
However, other surgeons favour an open approach to 
facilitate identification of all targeted lesions via bimanual 
palpation, thus minimizing the risk to overlook deep 
and centrally located metastases (20). In this context, 
and based on an agreed consensus that the treatment of 
metastases must be discussed on a case-by-case basis within 

Table 3 Recurrence and repeated pulmonary metastasectomy 
(RPM) characteristics

Characteristics Number

Recurrence, n (%) 120 (63.5)

Lung only 28 (23.3)

Distant 30 (25.0)

Both lung and distant 62 (51.7)

RPM, n (%) 43 (22.8)

VATS 33 (76.7)

Thoracotomy 10 (23.3)

Wedge 27 (62.8)

Segmentectomy 8 (18.6)

Lobectomy 8 (18.6)

Pneumonectomy 0

Mediastinal lymph nodes dissection 7 (16.3)

Postoperative outcomes 

Cardiopulmonary complications (30-d), n (%) 8 (18.6)

Duration of drainage, days, median [IQR] 1 [1–2]

Length of hospital stay, days, median [IQR] 3 [3–7]

Readmission (30-d), n (%) 2 (4.7)

Re-operation (30-d) 0

RPM, repeated pulmonary metastasectomy; VATS, video-
assisted thoracic surgery. 
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a multidisciplinary team, the aim of the present study was 
to analyse the post-operative outcomes and prognostic 
factor of recurrence and survival of patients after individual 
discussion for VATS PM. Whereas we understand that 
in some situations, more lung parenchyma can be spared 
during open surgery (i.e., precision surgery or laser 
resections), some authors advocate an open thoracotomy 
for optimal identification of occult metastases that may 

have been missed by pre-operative CT scan. In cases 
where parenchyma can be saved with precision surgery by 
thoracotomy but not feasible by VATS without anatomical 
resection, we prefer to propose an open approach. With 
that exception in mind, in our opinion, the necessity 
to carry out bimanual palpation, thus to advocate open 
surgery, dwindled over the past few years as a result of 
two developments: the advances in radiological imaging 
with the routine use of 1-mm thin-slice CT-scan, and the 
improvement of dedicated VATS instrumentation and 
perioperative localization (hook wire, coils, etc.). As a result, 
we found that bimanual palpation lost some significance 
in the current context of very careful selection of patients. 
Nowadays, it is possible to offer an optimal treatment and 
to avoid thoracotomy and bimanual palpation in those 
patients for whom these procedures might be unnecessarily 
invasive and offer little added value. This seems supported 
by the Spanish prospective registry from 2016 that analysed 
the agreement between radiological imaging and the 
pathological findings of PM in the setting of colorectal 
cancer patients. Solitary pulmonary nodules were found 
in 73% of the cases who underwent thoracotomy with 
bimanual palpation. The radiological and pathological 
agreement was found to be 95% (21), suggesting that VATS 

Table 4 Univariate analysis of recurrence risk factors after first VATS PM

Variables
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Female sex 0.98 0.68–1.40 0.894

Age <70 years 1.82 1.16–2.85 0.009 1.73 1.10–2.72 0.017

Colorectal tumor 0.58 0.38–0.88 0.011 0.56 0.37–0.86 0.007

Previous extra-thoracic metastases 1.54 1.07–2.22 0.019 1.53 1.06–2.22 0.022

Chemotherapy before first PM 0.85 0.59–1.22 0.384

DFI <12 months 1.11 0.74–1.67 0.618

Synchronous metastases 1.17 0.66–2.09 0.586

Solitary pulmonary metastasis 0.78 0.52–1.17 0.225

Unilateral pulmonary metastases 0.92 0.58–1.48 0.743

Wedge resection 1.31 0.77–2.22 0.317

Lymph node dissection 1.12 0.68–1.86 0.651

Margins of the pulmonary metastasis <5 mm 1.31 0.91–1.88 0.142

Size of the largest pulmonary metastasis <20 mm 0.85 0.48–1.48 0.558

VATS, video-assisted thoracic surgery; PM, pulmonary metastasectomy; HR, hazard ratio; CI, confidence interval; DFI, disease-free 
interval between primary tumor resection and first pulmonary metastasectomy. 

Figure 1 Kaplan-Meier curve of overall survival after first VATS 
pulmonary metastasectomy (PM). VATS, video-assisted thoracic 
surgery.
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should be offered for patients with solitary lesion with low 
risk of missing additional nodules.

The number of metastases is often chosen as a decisive 
factor to determine the surgical approach (VATS or 
thoracotomy). Our series of 189 patients reveals that 
72.5% of patients undergoing VATS PM presented a 
solitary metastasis. Actually, pulmonary metastases are 
often peripheral and small-sized, hence easy to remove by 
VATS wedge resection. This practice is currently largely 
performed in daily practice according to a survey conducted 
in Great Britain and Ireland where VATS approach was 
preferred for 85% of cardio-thoracic surgeon for solitary 
PM (4). In this sense, the current Society of Thoracic 
Surgery (STS) expert consensus (22) advocates that 
minimally invasive surgery can be considered the preferred 
option for PM because of shortened post-operative recovery 
and lower effect on quality of life for solitary lesions. 
However, VATS remains controversial for multiple lesions. 
We could propose multiple metastasectomies in 22.8%, 
with 35 patients (18.5%) presenting two or three metastases 
and eight patients (4.2%) presenting four or more 
metastases. Hence, the number of metastases per se cannot 
be considered a formal contraindication as long as complete 

resection can be achieved without compromising pulmonary 
functions. Multiple metastasectomy was generally offered 
for peripheral lesions easily visualised during VATS. In 
some cases, we experienced situations where multiple 
lesions were located in one lobe and the only option was the 
removal of the entire lobe. 

Lo Faso et al. (23) reported 212 VATS PM in 164 patients 
where multiple metastases were present in 41% of patients. 
Likewise, the series by Nakajima et al. (16) that compared 
VATS versus open surgery showed that 52% of patients 
presented multiple metastases. Among those patients, 
VATS was performed in 21% of the cases. Those results 
are aligned with our series and demonstrate that multiple 
metastases are very often managed by open approach 
although, as mentioned above, this decision should not 
be solely based on the number of metastases. In addition, 
the recent series of 211 patients by Prenafeta et al. (18)  
that compared the ipsilateral recurrence after VATS or 
open surgery of colorectal lung metastases, showed that the 
number of metastasis was 1.16 for VATS group and 2.54 for 
open group. Interestingly, after propensity score matching, 
no significant difference was observed in ipsilateral 
recurrence rates between VATS and open surgery. In this 

Table 5 Uni- and multivariate analyses of prognostic factors of survival after first VATS PM

Variables
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Female sex 1.14 0.65–1.99 0.645

Age <70 years 1.31 0.65–2.64 0.448

Colorectal tumor 0.41 0.20–0.85 0.017 0.41 0.20–0.85 0.016

Previous extra-thoracic metastases 1.20 0.68–2.11 0.534

Chemotherapy before first PM 1.19 0.68–2.07 0.542

DFI <12 months 1.01 0.51–2.03 0.969

Synchronous metastases 1.50 0.59–3.79 0.392

Solitary pulmonary metastasis 0.90 0.49–1.64 0.725

Unilateral pulmonary metastases 1.19 0.56–2.54 0.648

Wedge resection 1.09 0.49–2.42 0.833

Lymph node dissection 0.81 0.34–1.91 0.63

Margins of the pulmonary metastasis <5 mm 1.05 0.60–1.83 0.862

Size of the largest pulmonary metastasis <20 mm 1.63 0.50–5.23 0.416

RPM 0.35 0.16–0.77 0.010 0.34 0.15–0.77 0.009

VATS, video-assisted thoracic surgery; PM, pulmonary metastasectomy; HR, hazard ratio; CI, confidence interval; DFI, disease-free 
interval between primary tumor resection and first pulmonary metastasectomy; RPM, repeated pulmonary metastasectomy. 
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sense, we promote the open approach for parenchyma 
sparing strategies (i.e., precision surgery) in cases of deep 
located multiple metastases (24).

The intra-operative localisation of the lesion is an 
additional problem to face during VATS. The difficulty to 
locate a pulmonary nodule may counterbalance the real 
benefit of VATS in terms of post-operative outcome. We 
previously reported our experience with pre-operative 
computed tomography-guided hook wire localization 
of solitary nodules with a success rate of 98.3% (25). 
The diagnostic yield we achieved is comparable to that 
found in the recent literature (26-28). In this context, the 
convenience of pre-operative localization by means of a 
hook-wire is individually decided based on the size and the 
depth of the nodule. As a rule, we routinely recommend 
pre-operative localization for small lesions of less than 
10 mm in diameter, located at a distance of more than 
5mm from the pleural surface due to associated high rate 
conversion thoracotomy (29).

In our series, 82.5% of patients were treated by means 
of a wedge resection. This preference for non-anatomical 
resection might explain the relatively low morbidity rate, 
with only 7.9% of patients suffering complications during 
the 30-day post-operative course and no overall 30-day 
mortality rate (0%). These results are consistent with 
other surgical series about pulmonary metastases (30,31). 
In addition, anatomical resections were only performed 
for centrally located or larger (>5 cm) lesions in order 
to achieve complete resection. In our series, the type of 
surgical resection was neither a survival nor a recurrence 
prognostic factor. For this reason, we believe that major 
lung resections may be justified in some specific patients. 
In any case, we followed our guideline of sparing as 
much healthy parenchyma as possible, provided that free 
margins could be obtained. Interestingly, a prospective 
multicentre study that analysed the role of major resection 
in PM for colorectal cancer showed that major resection 
was a protective factor that increased the survival rate in 
comparison with wedge resection (55 vs. 28 months) (32). 

Lo Faso et  al .  (23) reported on a single-centre 
series  of  164 pat ients  who underwent 212 VATS 
PM from 2000 to 2011. They performed 133 wedge 
resections, 22 segmentectomies, 54 lobectomies and 
1 pneumonectomy. It is noteworthy that although 
t h e r e  w a s  n o  d i f f e r e n c e  i n  l o n g - t e r m  s u r v i v a l 
among patients who underwent wedge resections or 
anatomical lung resections, the rate of lobectomies 
in this series was high compared to other recent (18)  

or classic open surgery series (33). This is probably 
explained by the fact that some deep-located nodules could 
be more easily resected by a VATS lobectomy than by a 
wedge resection or a complex segmentectomy, which could 
only be performed by open thoracotomy. However, in our 
opinion sparing lung parenchyma should prevail over the 
operative approach. Following this principle, we achieved 
a rate of major pulmonary resections of 17%. Therefore, 
we consider that a conversion to thoracotomy should be 
viewed as an option, based on the informed decision of an 
experienced surgeon, in order to avoid a more extensive 
lung resection (12). 

Of all analysed risk factors for recurrence after first 
VATS PM, age <70 years and previous extra-thoracic 
metastases turned out to be significant, while primary 
colorectal cancer proved to be a protective factor. In this 
sense, the younger age was already identified as a risk factor 
in the classic series by Onaitis et al. (34). It seems reasonable 
to think that young patients, who in principle have a 
longer life expectancy, are treated more extensively in the 
setting of an aggressive primary tumor, and thus have more 
time to develop recurrences. This may explain why the 
presence of prior extra-thoracic metastases is also reported 
to be a risk factor for recurrence. Accordingly, it is a fair 
assumption that the biology of the tumor plays a role on the 
progression of the disease, so that colorectal tumors behave 
less adversely than non-colorectal ones such as sarcomas or 
melanomas (1,35). Besides, it is noteworthy that during the 
median follow-up of 33 months after first PM, 63.5% of the 
patients presented a recurrence as follows: pulmonary only 
(23.3%), distant (25%) and both pulmonary and distant 
(51.7%). Some authors advocate an open approach for PM 
on the assumption that VATS PM would leave some non-
palpable nodules unnoticed, so the rate of lung recurrence 
would be higher. However, published case-matched studies 
comparing VATS approach versus thoracotomy showed 
similar ipsilateral pulmonary recurrence rates between 
procedures as follows: 14.3–28.7% by open approach and 
20–25.3% by VATS (9,18).

Among patients who developed recurrences, RPM was 
performed in 35.8% of the cases. Our data with regards 
to recurrence rate and RPM is aligned with several 
published studies (1,9,36-38). The 30-day postoperative 
cardiopulmonary complication rate was statistically higher 
after RPM than after first PM (18.6% vs. 7.9%, respectively; 
P=0.03). Menna et al. reported a post-operative morbidity 
rate of 11.3% after RPM and 18.3% after first PM, with no 
statistically significant difference (31). Additionally, Kondo 
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et al. showed that VATS had advantages over thoracotomy 
as it reduced pulmonary adhesion to parietal pleura at the 
time of reoperation, shortened the operating time and 
reduced intraoperative bleeding and duration of thoracic 
drainage (11). Finally, we performed VATS PM over the 
past 20 years and we observed that RPM procedures are 
better accepted by both patients and referent physicians 
when the first PM had been performed by VATS, probably 
because of its low morbidity rate. 

Our results showed a 5-year OS rate of 63%, consistent 
with data from literature (16-18). Multivariate analysis 
showed that primary colorectal tumour (HR 0.41, 95% CI, 
0.20–0.85, P=0.02) and RPM (HR 0.35, 95% CI, 0.16–0.77, 
P=0.01) were prognostic factors for prolonged survival, a fact 
consistent with values reported by other groups (37-39). It 
should be noted that the primary tumour histology has been 
identified as a prognostic factor in many studies (1,2,40,41). 
In particular, the International Registry of Lung Metastases 
reported a better 5-year survival rate for patients with germ 
cell tumours (68%), followed by epithelial tumours (37%), 
sarcomas (31%) and melanoma (21%). 

We generally reserved radical LN dissection for patients 
with large or central lesions requiring anatomic pulmonary 
resection (16.3%) or in cases of pre-operative suspicions. 
Again, as patients with more than three metastases 
were mainly operated by an open approach, almost all 
lymphadenectomies were performed on patients who 
underwent an anatomical resection. However, according to 
the recent STS expert consensus, LN sampling/dissection 
concomitant with PM should be considered, because 
pulmonary metastases accompanied by mediastinal LN 
metastases predict poor survival (22). In our series, we did 
not observe advantages in term of survival or recurrence 
when LN dissection was carried out.

We recognize that there are potential limitations to our 
study, the first being a retrospective single-centre design. In 
addition, patients were included over a 15-year period, thus 
flattening the prognostic impact of the evolving systemic 
therapies and imaging systems. 

In conclusion, authors support the idea that the best 
approach for PM is the personalized approach to achieve 
surgical and oncological success (24). Patients’ respiratory 
and oncological characteristics, the surgical technique, the 
extent of the resection, the type of primary tumour, the 
size, localization and number of pulmonary metastases, the 
resection margins and the LNs management are crucial 
elements that determine the possibility of a VATS approach. 
In our opinion, OS, together with recurrence rate, were key 

points in assessing the effectiveness of a surgical approach. 
Thus, we demonstrated that performing VATS PM with 
a personalized approach is safe and favourable in many 
respects. 
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