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Abstract: Patients who have undergone previous pneumonectomy may develop new or second primary
cancers, secondary cancers (metastases) or even recurrent malignant disease in the remaining single
lung. It is a common misbelief that additional pulmonary resection in a single lung is not feasible. These
cases should not be deemed unresectable solely due to the fact of new lesions in the remaining lung after
contralateral pneumonectomy. Individual treatment approaches should be based on a multidisciplinary case
discussion in specialized centers with high patient volume following meticulous preoperative evaluation and
cardiopulmonary assessment. In patients with sufficient cardiopulmonary reserves, an aggressive approach
with limited sublobar resection (segmentectomy or wedge resection) can be beneficial and provide good
functional and oncological outcome as well as maintenance of quality of life. In this narrative review the
evaluation, the management as well as the outcome of additional pulmonary resection after contralateral
pneumonectomy with benefits of using extracorporeal membrane oxygenation (ECMO) during these surgical
procedures is discussed. In addition, a patient that we encountered in our clinical work is dissected in further
detail. This case elucidates numerous critical considerations that the interdisciplinary team must make and
the challenging decision-making process in balancing feasibility, individual risks and expected benefits. The

surgical methodology employed and the outcomes are also highlighted.
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Introduction

Extracorporeal membrane oxygenation (ECMO) in
thoracic surgery

For pulmonary resections selective mechanical ventilation
utilizing a left or right double lumen endotracheal tube
(DLT) is regularly used, offering a safe approach and access
to hilar structures for precise dissection. In challenging cases
including severe pulmonary hemorrhage (e.g., ruptured
pulmonary arteriovenous malformation), blunt chest
trauma, in patients with marginal or insufficient pulmonary
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reserve (e.g., respiratory failure, acute respiratory distress
syndrome) or in complex tracheo-bronchial reconstructions
as well as in single-lung surgery, one-lung ventilation
with intermittent apnea phases might not be sufficient
and therefore might not be the optimal anesthesiologic
approach in selected cases.

In 1996 Horita et al. reported the first pulmonary
resection using ECMO during two carinal resections as
well as reconstructions (1). Yet, extracorporeal life support
(ECLS) such as elective use of ECMO in general thoracic

surgery is rarely used outside of lung transplantation, but
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can allow good surgical exposure and visibility, improved
oxygenation as well as removal of carbon dioxide under the
specific circumstances mentioned above. In some situations,
a jet, in field or cross ventilation (e.g., in complex tracheo-
bronchial surgery) or even cardiopulmonary bypass can be
alternative approaches (2,3).

For complex tracheo-bronchial reconstructions or in
single-lung surgery, selective intermittent mechanical
ventilation of one or two lobes with apnea phases using
a bronchial blocker or jet-ventilation may not offer the
same amount of surgical exposure compared to ECMO
or cardiopulmonary bypass (2-15). Additionally, ECMO
can ensure gas exchange, hemodynamic stability and
good hemostasis with a clean and calm operative field.
Furthermore, it might even reduce the risk of potential
tumor cell spread (compared to jet-ventilation) (5,12).

Single lung surgery

Performing an additional resection after pneumonectomy
is not solely related to lung cancer surgery. In literature,
there are reported cases of bronchiectasis (16,17),
pulmonary metastasis in colorectal adenocarcinoma (6)
and fibrosarcoma (18) requiring additional resection after
contralateral pneumonectomy.

In single-lung surgery, mechanical ventilation can
be extremely difficult. Mercier er /. recommends
performing resection after contralateral pneumonectomy
using mechanical ventilation with high-flow oxygen and
intermittent apnea phases. This technique is considered
reliable and effective and allows for precise hilar dissection
as well as mediastinal lymphadenectomy (19). It is
important to emphasize that Mercier et al. preferred either
open thoracotomy or even median sternotomy as a surgical
approach in patients with resection in a single-lung, while
stating that the limited ability to sustain apnea phases for
longer than a few minutes makes video-assisted thoracic
surgery (VATS) impossible (19). Other authors also reported
the use of high-flow oxygen or selective ventilation of one
or two lobes as a possible approach in single-lung surgery,
but in case of respiratory failure and the consequent need of
lung ventilation the surgical procedure might become very
challenging (2-15).

In literature, less than 200 cases of pulmonary resections
(lobectomies, segmentectomies, single and multiple
wedge resections) after contralateral pneumonectomy
were published (4,6,7,12,13,16-34). Most frequently, these
were sublobar resections (especially wedge resections) and
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were performed by thoracotomy without the use of ECLS
(16-29,32-34). Only a few case reports of ECMO-assisted
pulmonary resection after contralateral pneumonectomy
exist (4,6,12,13). Spaggiari et 4l. reported the use of femoro-
femoral cardiopulmonary bypass in a single-lung surgery
performed through posterolateral thoracotomy (30). Gu
et al. reported the use of an adapted DLT for an anatomical
segmentectomy (right segment 3) using the uniportal
VATS technique (31). The use of an ECLS provides a
clean and calm operation field and offers the possibility
to perform major anatomical resections using minimal
invasive approaches such as VATS. In 2017 Kocher ez al.
reported the first minimally invasive major anatomical
resection performed in 2016 under ECMO with the use of
a single dual lumen cannula (uniportal VAT, right segment
1 resection) (7).

Our experience of the use of ECMO in thoracic surgery
is derived from emergency trauma surgery, trachea-
bronchial surgery and single lung surgery. In the last
few years we utilized ECMO in patients with severe blunt
chest trauma (for instance, due to a demolition accident),
in severe pulmonary bleeding (for instance, in the case
of ruptured pulmonary arteriovenous malformations in
a young pregnant women with hereditary hemorrhagic
telangiectasia also known as Osler-Weber Rendu syndrome),
in tracheo-bronchial surgery with bronchoplasty in children
as published by Scholl ez 4/. in 2019 (8) and also in single
lung surgery, where conventional mechanical ventilation
techniques were limited as mentioned before (7). We
present this article in accordance with the Narrative Review
reporting checklist (available at https://ccts.amegroups.
com/article/view/10.21037/ccts-20-169/rc).

Methods

To determine the current clinical evidence of perioperative
evaluation and management of additional pulmonary
resection under ECMO support we searched two electronic
databases (PubMed and the Cochrane Library) for articles
from 1973 to September 2020 as well as the most recent
guidelines in English and German language. The date of
the last search was September 6, 2020.

Randomized controlled trials comparing therapeutic
approaches and evaluation of long-term outcome might be
nearly impossible considering the rarity and the individual
differences of these cases. Therefore, from the limited data
published, we included all published and reported cases,

series and reviews, found in the above-mentioned databases,
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to identify optimal preoperative assessment, survival rates
and therapeutic approaches of the specific scenarios in
single lung surgery.

We checked cross-references and searched references
from all the mentioned guidelines, review articles and
published series. The articles included were assessed for
eligibility by all the authors.

Case presentation
Medical history

In this case, in part already published by Kocher ez 4/.,
we report the course of a 47-year-old male patient, who
was diagnosed with an intimal sarcoma of the left central
pulmonary artery in 2003 (7). After multidisciplinary
case discussion an extended left-sided pneumonectomy
was performed (pT1b ¢cNO cMO G2 RO) including partial
pericardiectomy and reconstruction with a prolene
polypropylene mesh as well as a radical resection of the
pulmonary trunk and pulmonary semilunar valve followed
by a bioprosthetic reconstruction of the resected areas as
well as the pulmonary valve. The resection was performed
under the use of ECMO. Complete mediastinal and hilar
lymphadenectomy was not performed. Six years later the
patient developed a retrosternal relapse in the manubrium.
After four cycles of neoadjuvant chemotherapy (epirubicin
and ifosfamide) resection was performed, followed by
percutaneous radiotherapy (60 Gray).

Preoperative assessment

A computed tomography (CT) scan in 2016 revealed a
single pulmonary nodule (31x18x20 mm) in the right upper
lobe (apical segment) with contact to the mediastinum.
The tumor showed intensive FDG-avidity in the positron
emission tomography (PET) scan without any evidence
of lymph node metastases or distant metastatic disease
(Figure 1). The multidisciplinary tumor board recommended
histopathologic assessment to establish the diagnosis of
recurrence or a secondary tumor or even second primary
cancer. Endobronchial ultrasound with transbronchial
needle aspiration (EBUS-TBNA) confirmed a second
relapse of the intimal sarcoma. To assess the operability as
well as the likely postoperative morbidity and mortality in
this patient, who has undergone previous pneumonectomy,
a preoperative evaluation of lung function, cardiopulmonary
exercise testing (CPET) and echocardiography was
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performed. The 60-year-old male was in excellent
condition with an Eastern Cooperative Oncology Group
(ECOQG) performance status grade 0 and normal blood
gas analysis while breathing room air. CPET showed a
forced expiratory volume exhaled during in the first second
(FEV)) of 1.84 liters, which is 54.9% of predicted normal
and a diffusing capacity of the lungs for carbon monoxide
(DLCO) of 132%. The preoperative value of VO, ., was
23.9 mL/kg/min, qualifying for additional pulmonary
resection with a predicted postoperative FEV, (ppoFEV))
of 1.66 liters (49.4% predicted) a predicted postoperative
DLCO (ppoDLCO) of 118% and a postoperative VO, ...
of 21.5 mL/kg/min. Echocardiography including right heart
catheterization showed a left ventricular ejection fraction
of 60%, bi-atrial dilatation and no increase in pulmonary
artery pressure. After further multidisciplinary case
discussion, the tumor board favored surgery with limited
pulmonary resection (segmentectomy) over lobectomy
to preserve as much lung parenchyma after the previous
pneumonectomy as possible.

Procedure

After placement of a thoracic epidural catheter, general
anesthesia was induced and standard monitoring installed.
Veno-venous ECMO (vw-ECMO) was established using
a percutaneous approach with a single cannula (Figure 2).
Therefore, the 31 F and 31 cm bi-directional single
cannula was inserted into the right internal jugular vein
under transesophageal echocardiography guidance to
ensure correct positioning. Prior to the installation of the
ECMO circuit a bolus of 5,000 IU heparin was given.
With the commencement of the ECMO circuit, the
core body temperature of the patient was decreased to
34 degrees Celsius. Mechanical ventilation was stopped to
achieve a collapse of the right lung allowing good surgical
exposure and visibility during the surgery. Subsequently,
the patient was placed in a left lateral decubitus position
with his arms flexed and positioned towards the head on
separate arm boards. The pleural cavity was accessed by a
single 4 cm incision in the inframammary fold in the fifth
intercostal space in a muscle-sparing technique without
using a rib spreader. To maximize wound exposure and to
keep the thoracoscopic lens clean as well as to protect the
wound from contamination when removing the specimen
(sarcoma), a wound protector was used as shown in
Figure 3. To explore the thoracic cavity a 10 mm 30° angled
endoscope was employed. Lysis of pleural adhesions of

Curr Chall Thorac Surg 2023;5:29 | http://dx.doi.org/10.21037/ccts-20-169



Page 4 of 12 Current Challenges in Thoracic Surgery, 2023

|

Figure 1 Tumor in the apical segment of the right upper lobe, CT and PET scan. Images (A) (CT scan) and (B) (PET scan): axial view;

images (C) (CT scan) and (D) (PET scan): sagittal view; images (E) (CT scan) and (F) (PET scan): coronal view. CT, computed tomography;

PET, positron emission tomography.

the right upper lobe, chest wall and the mediastinum was
performed to ensure complete mobility of the right lung.
The targeted venous and arterial branches of the upper
lobe were dissected, identifying V1 and Al. Mechanical
vascular closure and division were performed for V1 and
afterwards for Al using an articulated vascular endostapler.
Three mediastinal lymph nodes of station 4R were resected

and after further hilar dissection, B1 was divided using the
Figure 2 Veno-venous extracorporeal membrane oxygenation same vascular endostapling device. For identification of
established with a single cannula. the segmental planes, the right lung was slightly reinflated
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Figure 3 Uniportal VATS approach with a 4 cm incision and a

wound protector. VATS, video-assisted thoracic surgery.

to show a demarcation of the targeted apical segment.
Division of the pulmonary parenchyma was performed with
another automatic endostapler. After the specimen was
removed, a 24 F chest tube was placed through the same
incision and mechanical ventilation was re-established.
As the residual lung showed good expansion, a layered
closure was performed, and the core body temperature was
slowly re-increased to 36 degrees Celsius. The patient was
successfully weaned from vww-ECMO after re-establishment
of ventilation. Thus, the single cannula was removed, and
the patient was immediately extubated in the operating
theatre. The chest tube was connected to a -5 ¢cmH,0O
suction device.

Time from induction until emergence from general
anesthesia was 420 minutes in total including placement
of the thoracic epidural catheter. Knife to skin time was
217 minutes including cannula removal, with a total vv-
ECMO duration of 202 minutes. A single erythrocyte
concentrate (275 mL) was transfused due to preoperative
anemia (preoperatively 106 g/L, intraoperatively 92 g/L).

The patient was breathing spontaneously, and blood
gas analysis was normal after extubation. The patient was
transferred to our intermediate care unit.

On the second postoperative day (POD), the chest tube
was removed with transfer of the patient to the thoracic
ward on POD 3. The overall postoperative course was
uneventful with discharge of the patient on POD 5 with a
blood oxygen saturation of 98% while inhaling room air.

Follow up

The final histopathological analysis revealed a single
micrometastasis (I mm) in one of three lymph nodes in
station 4R and a relapse of the intimal sarcoma (2.5 cm)
in the apical lung segment with intravascular spread and
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invasion of the visceral pleura. A complete resection status
(RO) was achieved and the tumor board recommended the
first CT scan for follow-up to be performed 3 months after
surgery. The first 4 weeks of follow-up were uneventful with
later development of dyspnea on exertion and peripheral
edema (primarily affecting the lids and the lower legs). The
consequently performed CT scan and cardiac MRI showed
a new mass (15x25 mm) in the pulmonary trunk with high-
grade stenosis and obstruction of the right ventricular
outflow tract (RVOT). After multidisciplinary discussion,
resection of the mass was favored, as it was highly suspicious
for recurrence. Further cardiopulmonary assessments
showed a mean pressure difference in the right ventricle
of 67 millimeter of mercury (mmHg) with a central
venous pressure of 20 mmHg. These were considered
contraindications for cardiothoracic surgery. The patient
was treated with a combination of medications for heart
failure and therapeutic anticoagulation was established.
With limited options given to control the malignant disease
and the progressive right heart failure, the patient deceased
2 months postoperatively.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Ethical approval was not
required because of the descriptive manner of this review
and case report with limited participants (not more than 5).
Written informed consent was obtained from the patient
for publication of this manuscript and any accompanying
images.

Discussion
Additional pulmonary resection after pneumonectomy

For patients with non-small cell lung cancer (NSCLC),
radical anatomical surgical resection provides the best long-
term survival, especially in patients with early-stage disease
(stage I and II) (35-41). In patients with poor pulmonary
reserve or major comorbidities with contraindications for
lobectomy, sublobar resection with either segmentectomy
(Tla and T1b, tumor <2 cm) or wedge resection is
appropriate (35,36,42-47).

The recommended extent of anatomical resection in
NSCLC depends on tumor size. In T1c—T4 tumors (>2 cm)
lobectomy or pneumonectomy should be aimed for. The
indication for pneumonectomy should only be considered
when lung-sparing anatomical resection such as sleeve
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lobectomy are unlikely to achieve complete tumor resection
(35,36,39,42).

Patients who have undergone previous pneumonectomy
are at risk of developing cancer (metastasis, second or
multiple primary lung cancers) in the remaining single
lung. After prior complete resection of a non-small lung
cancer, the average risk per year of developing a new or a
second primary lung cancer ranges between 1% and 6%
(4,19,48). These numbers slowly increased in recent years
due to improvements in diagnostic possibilities including
earlier detection during the postoperative follow-up by CT
and PET scan. In addition, advancing treatment approaches
such as the development of thoracoscopic pulmonary
surgery in the last decades improved outcomes compared
to open thoracotomy (19,35,36,49-66). It is especially
important but simultaneously challenging to differentiate
multiple lung cancers. The clinical, radiological and
histopathological or cytological findings should be taken
into account when assessing patient cases and determine the
individual treatment plan. Therefore, these patients should
be discussed after completed staging in multidisciplinary
boards in specialized centers with high patient volume.
The multidisciplinary panels should include medical
and radiation oncologists, pneumologists, experienced
thoracic surgeons specialized in thoracic cancer surgery and
thoracic pathologists. The findings of the histopathology or
cytopathology are essential in identifying whether the novel
tumor(s) are synchronous or metachronous primary lung
cancers, multifocal lung cancers or metastases. However,
certain challenges including an insufficiently small biopsy,
the presence of only cytological specimens or the difficulty
to approach depending on location of lesions may limit
the quality of results and may imply unclear findings are
reported (19,20,36,37). In 1975 Martini er al. described
empirical criteria for diagnosis to classify synchronous and
metachronous secondary lung cancers (67). In the following
decades, these criteria for diagnosis and differentiation of
secondary primary lung cancers and metastases were slightly
modified by Detterbeck ez a/. in 2003 (37,68). However, it
remains necessary and crucial to consider all the clinical,
radiological as well as the pathological features when
forming an individual treatment plan for a patient with
multiple pulmonary lesions.

Independent of age and medical fitness, an aggressive
approach in a curative setting is key to obtain good overall
survival rates and maintaining quality of life. Depending
on localization, distribution and number of the multiple
pulmonary lesions, a definitive local therapy by lung-
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sparing resection or as an alternative local stereotactic
ablative radiotherapy (SABR) are therapeutic options
(19,20,35-37,39,42,48,69-72). However, in patients with
only one lung, outcome, survival and even approaches may
be different.

Compared to lung-sparing resections, the extent of
a pneumonectomy is associated with higher morbidity
and mortality and indications should be carefully made
based on multidisciplinary recommendations regarding
the operability of the patient according to pre- and
postoperative pulmonary function, performance status and
concurrent comorbidities (35-41,69,73,74).

Patients who underwent previous pneumonectomy
in a curative intent are rarely considered for additional
pulmonary resection due to the common misbelief that
pulmonary surgery on a single lung is not feasible. Another
misconception is that the higher risk of postoperative
respiratory failure is seen as an absolute contraindication for
subsequent pulmonary resection (20,23,24,29,48).

Evidence of small retrospectives case series suggest that
surgery in the remaining lung is a reasonable and rewarding
option for well-selected cases. Therefore, these patients
should not generally be excluded from an additional surgical
approach (4,6,7,12,13,16-34,72).

As mentioned above, the recommended extent of
anatomical resection in lung cancer surgery is also based
on tumor size. However, there might be the necessity of a
compromise in surgical extent in lung cancer occurring in
the single remaining lung. Lobectomy may not always be
feasible and is not recommended because of the possibility
of severe impairment of pulmonary function and quality
of life, with possible exception of a middle lobectomy or
lingulectomy (only two lung segments) (19,23,24,26,69).
Sublobar resection (segmentectomy or even wedge
resection) is the preferred approach (16-29,32-34,69). Even
if oncological principles might be compromised by the
limited resection in high-risk patients with only a single
lung, sublobar and preferably, non-anatomical resection
might provide the best risk-benefit ratio with better
pulmonary reserves and better quality of life (20,23,24,69).

Ayub er al. analyzed the data of 165 patients who
underwent additional pulmonary resection after
contralateral pneumonectomy (20). The accumulated
data originates from older small case series with overall
102 cases from 8 reports (22-29) plus a cohort of 63 cases
identified by employing the Surveillance, Epidemiology,
and End Results (SEER) database reported by Ayub
et al. (20). Most of the older series did not report tumor
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size and/or have incomplete outcome reports. However,
of all the reported 165 cases, 13 received lobectomies and
152 patients underwent sublobar resection with at least 18
single segmentectomies, 3 bi-segmentectomies, and one
segmentectomy of the lower lobe basal segmental group
(20-29). The sublobar resections included both wedge
resections and segmentectomies (20-29). Regarding the
extent of resection, lobectomies were associated with
lower survival rates compared to sublobar resections
(segmentectomy and wedge resection) (19,20,24,27-29)
with the possible exception of a middle lobe or lingular
resection (bisegmentectomy being the permitted maximal
extent of resection) (19,23,24,26,69). Other authors only
reported series of cases with sublobar resections (22,23,25).
Massard et al. discussed four cases with two lobectomies
performed through sternotomy, one segmentectomy
through sternotomy and one wedge resection performed via
thoracotomy (26).

The overall perioperative (I month) mortality ranged
from 0% up to 28.6% for all resections with a 1-, 3-
and 5-year survival of 53-87%, 35-63% and 30-50%,
respectively (20-29). Ayub ez al. also reported a perioperative
mortality of 10.7% for sublobar resection and 14.3% for
lobectomy. While not statistically significant, it is interesting
to note that the overall median survival was 42 months for
the 56 sublobar resections versus only 18 months for the
seven lobectomies performed. Thus, sublobar resection is
preferred over lobectomy to achieve beneficial outcomes
including survival, pulmonary function and quality of life.
Median survival for resected metachronous tumors was 40
vs. 28 months in resected metastatic cancers (20). These
findings are similar to the results discussed by Mercier ez al.
in an analysis of the same 8 reports of overall 102 patients
(22-29) including the higher postoperative mortality for
lobectomy (33 %) vs. sublobar resection (6.2%) (19,20).

Due to classifying wedge resections and segmentectomies
together as sublobar resections, no statement or
differentiation can be made regarding the specific outcomes
of these two procedures.

The reported data suggests the highest benefit of limited
resection in a single lung in a subgroup of highly selected
patients with small tumors (T'1a and T1b, tumor <2 cm),
early-stage disease (stage I-II) as well as in metachronous
lung cancers (20).

Whether SABR or additional pulmonary resection
may provide similar or better outcomes remains unclear
because the reported series do not compare surgical with
non-surgical approaches (20). Some authors reported a
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benefit in median overall survival following the surgical
approach (39 months for surgery, in contrast to 20 months
for radiotherapy alone) (69). Further investigation is needed
but might be nearly impossible to achieve because of the
rarity of these cases.

Besides pulmonary resection, evaluation of the hilar and
mediastinal lymph nodes should be performed during lung
cancer surgery through lymphadenectomy (19,36-41,75).
This includes either mediastinal lymph node sampling
(MLNS) or complete mediastinal lymph node dissection
(MLND). Whether MLNS or MLND provides the better
outcome stays controversial (35,40,76-78).

When considering additional pulmonary resection in a
patient with a single lung, it is crucial to discuss whether
the individual patient can benefit from additional surgery in
terms of oncological outcomes and prognosis. It is especially
significant to understand that a compromise in the form of a
limited resection may have to be made in order to preserve
enough pulmonary reserves postoperatively to maintain the
patient’s daily activities and have an acceptable quality of
life (20,29). Indeed, as mentioned above, sublobar resection
might have better outcomes than lobectomy (19,20).
Therefore, a meticulous preoperative evaluation of lung
function, CPET and echocardiography is recommended to
assess postoperative morbidity and mortality when planning
pulmonary resection in general. This should routinely
include the FEV, and the DLCO including its ppoFEV,
as well as the ppoDLCO (19,20,69,74,75). Brunelli ez al.
generally recommend a ppoFEV, and a ppoDLCO of at
least 30% as a high-risk threshold (74). Other authors
suggest 40% as a cut-off value (19,20,75). It is important
to emphasize that the ppoFEV, and ppoDLCO should not
be used alone as predictors of complications, hence, CPET
should be complementary. A preoperative value of VO, ...
greater than 75% predicted or >20 mL/kg/min qualifies
for pneumonectomy, while a preoperative VO, ., lower
than 35% predicted or <10 mL/kg/min indicates high risk
for any extent of resection. A predicted postoperative value
for VO, ... lower than 10 mL/kg/min is associated with a
very high morbidity and mortality (19,20,74,75). Additional
echocardiography is paramount to evaluate right heart
function and pulmonary hypertension (19,20,69). Right
heart dysfunction and elevated pulmonary artery pressure
might be seen as contraindications for additional pulmonary
surgery, because of potential worsening after resection and
reduction of pulmonary vascular bed resulting in an increase
of pulmonary artery pressure (19,20,69). Furthermore,
concurrent medical comorbidities should be assessed.
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In summary, a comprehensive and systematic patient
evaluation is a critical step in determining the potential
benefits and risks a patient may face in single lung surgery
after previous contralateral pneumonectomy.

Conclusions

Additional pulmonary resection after contralateral
pneumonectomy remains both a technical and an
oncological challenge.

The use of ECMO in single lung surgery offers good
surgical exposure and visibility while ensuring adequate
oxygenation. Alternative approaches such as the use of
bronchial blockers with intermittent apnea phases or jet-
ventilation may be limited, especially in terms of providing
sufficient surgical exposure for minimally invasive
thoracoscopic surgery.

Limited sublobar resection (segmentectomy or wedge
resection) is the preferred approach preserving as much
lung tissue as possible with good functional outcome,
good quality of life and possible long-term survival,
especially in early stage and/or metachronous NSCLC.
Therefore, these procedures should only be performed in
highly selected patients after individual case discussion in
multidisciplinary boards including medical and radiation
oncologists, pneumologists and experienced thoracic
surgeons specialized in thoracic cancer surgery. Patients
not qualifying for a surgical approach can benefit from
SABR.

ECLS offers a viable alternative for performing
additional resections, especially anatomical resections, using
minimal invasive approaches such as VATS by establishing a
clean and calm operation field.
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