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Surgical Technique
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Abstract: Approximately 5% of all patients presenting with lung cancer show chest wall invasion. Due 
to difficulties in achieving complete resection, higher postoperative complication rates and generally lower 
survival rates of patients with these advanced tumors, lung cancer invading the chest wall was considered a 
relative contraindication for surgery for a long time. With the development of computed tomography (CT) 
scan and the possibility of evaluating surrounding tissue infiltration in the 1970s, thoracotomy with en bloc 
lung and chest wall resection became the traditional and potentially curative approach in lung cancer with 
chest wall invasion. With the evolution of video-assisted thoracoscopic surgery (VATS) in the early 1990s, 
thoracoscopy could be used as a complementary diagnostic tool for intraoperative assessment of resectability. 
Nowadays, VATS is the standard surgical approach for minimally invasive anatomic lung resection in early-
stage lung cancer and its use is growing even for advanced lung cancer. After three decades of experience, 
minimally invasive procedures such as VATS can be used for extended resections including lung and chest 
wall resections and also for resections after neoadjuvant treatment. One of the least invasive approaches 
in thoracic surgery is the uniportal VATS (uVATS) approach, which is standardly used for anatomic lung 
resections in our institution. Through this single small incision, anatomic lung resection of almost any extent 
can be performed as well as chest wall resection. Moreover, a combination of a direct approach for chest wall 
resection with a VATS approach for anatomic lung resection (hybrid VATS) is becoming increasingly popular 
due to its affinity to conventional open resection and the variable size of the counter incision, which allows 
a bigger extent of chest wall resection and facilitates reconstruction. Additionally, the benefits of minimally 
invasive surgery can still apply to this hybrid VATS approach. So far, only small case series of minimally 
invasive en bloc lung and chest wall resection are available, which rarely describe the surgical technique and 
decision-making processes in detail. We describe our preferred technique for minimally invasive en bloc lung 
and chest wall resection step-by-step, including patient selection, preoperative planning, intraoperative 
decision-making, operative steps and potential pitfalls.
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Introduction

Approximately 5% of all patients presenting with diagnosis 
of lung cancer show chest wall invasion, either limited to 
the parietal pleura or invading the intercostal muscles, the 
ribs and vertebral bodies or extending into the soft tissue 
underneath (1-3).

In 1947, Coleman reported the first case series of five 
patients treated by en bloc resection for lung cancer invading 
the chest wall including long-term survival (6 years). 
Prior to that, chest wall infiltration was generally seen as 
a contraindication for upfront surgical resection (4). Ten 
years later, in 1957, Gronqvist et al. reported survival over 
2 years (12.5%) in 2 out of 16 patients treated by either 
pneumonectomy or lobectomy for lung cancer involving 
the chest wall (5). Nevertheless, due to complication rate, 
difficulties in achieving complete resection in locally 
advanced tumors and generally lower survival rates of 
patients with these advanced tumors (3-5), lung cancer 
invading the chest wall was continuously considered as a 

potential contraindication for surgery for a long time (4,6,7). 
Later on, with the availability of diagnostics including 
computed tomography (CT) scan for evaluation of 
surrounding tissue infiltration and the routinely performed 
mediastinoscopy, clinical lung cancer staging was improved 
during the 1970s and 1980s. The use of a thoracoscope for 
exploration of the thoracic cavity during the 1990s and the 
consequential development of video-assisted thoracoscopic 
surgery (VATS) allowed for a minimally invasive exploration 
of the thoracic cavity as an additional part of local tumor 
staging and assessment of resectability (6). With good 
results being subsequently reported over the following 
years, thoracotomy with en bloc resection became the 
traditional and potential curative approach in lung cancer 
with chest wall involvement (6,8).

In recent years, significant technological advancements 
established VATS anatomic lung resection as the gold 
standard in treatment of stage I and II non-small cell lung 
cancer (NSCLC). Many studies have shown that VATS 
is a feasible, safe and beneficial technique for major lung 
resections compared to the conventional open thoracotomy 
approach (9-14). Moreover, newer and even less invasive 
methods have emerged in the past few decades. One of 
these methods is the single-incision VATS or uniportal 
VATS (uVATS), which uses only one small incision without 
any rib spreading to perform anatomic lung resections of 
almost every extent without compromising safety compared 
to the multiportal approach (15). Furthermore, uVATS can 
potentially improve perioperative outcomes, including faster 
recovery with shorter length of hospital stay, shortened 
chest tube duration and reduced overall complication rate 
(16-18). This, combined with novel innovations in surgical 
instruments, allows for minimally invasive resection of even 
locally advanced tumors.

Chest wall infiltration does not always mean, that parts 
of the boney thoracic cage must be resected. However, the 
depth of chest wall infiltration plays a key role in selection 
of the surgical approach and the extent of resection. In 
2002, Burkhart et al. reported a larger case series, with 29 
out of 95 (30.5%) resected lung cancer specimens showing 
tumor spread into the parietal pleura only, while 43 (45.3%) 
involved the parietal pleura and soft tissue of the chest wall 
and 23 (24.2%) tumors infiltrated the parietal pleura, soft 

Highlight box

Surgical highlights
•	 Thorough staging and adequate preoperative planning (surgical 

approach, location of incision, extent of resection, need for 
reconstruction) are key before indication for radical en bloc 
resection in non-small cell lung cancer with chest wall infiltration 
is made. In case of doubt, open resection remains the standard 
approach for en bloc lung and chest wall resection.

What is conventional and what is novel/modified?
•	 Only small case series of minimally invasive en bloc lung and chest 

wall resection are available.
•	 The operative technique and decision-making processes are rarely 

described in detail.
•	 We provide a detailed step-by-step guide to support preoperative 

and intraoperative decision-making for minimally invasive en bloc 
lung and chest wall resection.

What is the implication and what should change now?
•	 With increasing experience in minimally invasive approaches, 

extended resections can be performed by minimally invasive 
procedures. Especially the hybrid video-assisted thoracoscopic 
approach is becoming more and more popular and showing good 
results.
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and bone tissue of the chest wall (19). Hence, the extent of 
chest wall resection can vary between extrapleural resection 
up to extended resections including multi-level partial rib 
and even partial vertebral body resection.

Various approaches exist in minimally invasive thoracic 
surgery with a difference in the number of used ports and 
size of the respective incisions. There is also a combination 
of VATS with an additional counter incision (analogous 
to open surgery) directly above the area of chest wall 
infiltration (7,20-23). This hybrid VATS approach allows 
direct access to the tumor with an intrathoracic (VATS) 
and direct extrathoracic view (counter incision), facilitating 
chest wall resection in large tumors and ensuring safety 
margins, where the thoracoscopic view can be very limited. 
Depending on tumor size and planned extent of chest 
wall resection, the approach for en bloc lung and chest 
wall resection can vary between open resection, hybrid 
VATS or even complete thoracoscopic approaches, such as 
multiportal VATS (mVATS) and uVATS. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Ethical 
approval was not required because of the descriptive 
manner of this study with limited participants (no 
more than 5) for image use. Written informed consent 
was obtained from all patients for publication of this 
paper including all accompanying images. We present 
this article in accordance with the SUPER reporting 
checklist (available at https://vats.amegroups.com/article/
view/10.21037/vats-23-22/rc). 

Patient selection and preoperative planning

Pathological confirmation of NSCLC as well as adequate 
staging is essential before initiating therapy. After tumor 
staging is completed and nodal metastases as well as 
distant metastases are excluded, the need for primary 
tumor resection or neoadjuvant therapy should be 
discussed, depending on tumor stage. We recommend an 
interdisciplinary case discussion, such as a tumor board.

A contrast-enhanced chest CT allows an assessment of 
tumor size, localization, and extent of chest wall infiltration. 
In addition, a thoracic magnetic resonance tomography 
(MRT) provides valuable additional information regarding 
the depth of tissue infiltration and extent, allowing an 
accurate preoperative assessment regarding the expected 
extent of chest wall resection as well as selection of the 
surgical approach.

Pancoast tumors are handled as a separate tumor entity. 

They are typically not suitable for a minimally invasive 
approach depending on their apicoposterior location with 
limited exposure through the VATS approach. However, in 
highly selected cases, complete minimally invasive resection 
of Pancoast tumors including chest wall resection can be 
feasible, especially in robotic-assisted thoracic surgery due 
to better range of motion of the surgical instruments (24).

The following recommendations as shown in Figure 1 
are not set in stone and should be assessed individually case 
by case.

After indication for surgery is made, the thoracic surgeon 
has to decide about the surgical approach (open versus 
minimally invasive). First, this decision highly depends on 
surgical preference and experience in minimally invasive 
tumor surgery. Furthermore, tumor size and localization of 
suspected chest wall infiltration allow for specified planning 
of the surgical approach, as shown in Figure 1 and described 
below.

For larger tumors (>7 cm), the value of the minimally 
invasive technique may be questionable due to limited 
visualization of tumor infiltration within the thoracic cavity 
caused by tumor size and overall reduced overview. In such 
cases, primary lobectomy through VATS is challenging due 
to the limited mobility of the lobe caused by broad tumor 
adherence to the chest wall. Consequently, open resection 
continues to be considered the gold standard approach for 
en bloc lung and chest wall resections in these cases.

Smaller tumors ranging up to a size of 5 cm may also 
infiltrate the surrounding muscles and ribs extensively. 
For those located anterolaterally, VATS and especially 
uVATS can be a feasible approach, due to the thoracoscopic 
overview and easier access to the chest wall with angulated 
instruments as well as the possibility to use the single 
incision in uVATS or the utility incision in mVATS for 
specimen removal. Whether anatomic lung resection 
or chest wall resection is performed first depends on 
intraoperative exposure, view and mobility of the lung  
(see below).

For tumors larger than 5 cm and those infiltrating the 
posterior chest wall or even the spine (Figure 2), hybrid 
VATS can be a feasible approach in selected cases. The 
latter can provide a very good thoracoscopic overview 
(Figure 3A) and facilitate chest wall resection before or after 
(Figure 3B) anatomic lung resection.

With the uVATS approach, up to 3–4 ribs can be 
partially resected. For cases where more than 3 or 4 ribs 
must be resected, a hybrid or even an open approach via 
thoracotomy can facilitate chest wall resection and may be 

https://vats.amegroups.com/article/view/10.21037/vats-23-22/rc
https://vats.amegroups.com/article/view/10.21037/vats-23-22/rc
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Planned resection ≤3 ribs

VATS lobectomy feasible

Uniportal VATS Hybrid VATS Open resection Hybrid VATS

Posterior chest wall infiltration

VATS lobectomy feasible

Tumor size >5 cm and/or 
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Figure 1 Decision tree for preoperative and intraoperative decision-making for en bloc lung and chest wall resection. NSCLC, non-small cell 
lung cancer; VATS, video-assisted thoracoscopic surgery.

favored.
In cases with preoperative suspicion of chest wall 

infiltration, chest wall or rib resection should be planned, 
leaving a safety margin of one rib width (approximately 
2 cm) around the adhesion zone or the zone of suspected 
chest wall infiltration. According to the planned location 
and extent of resection, the location of the uVATS incision 
should be determined (see below).

If there is no preoperative suspicion of chest wall 
infiltration but broad adhesions to the chest wall are found 
intraoperatively as shown in Figure 4, an extrapleural 
resection can be performed in combination with an 
intraoperative rapid frozen section of the main specimen or 

a follow-up resection to confirm complete resection or to 
assess the need of further resection (completion).

Intraoperative decision-making  
and operative steps

Based on preoperative imaging, which determines tumor 
size and location as well as the depth of suspected chest 
wall infiltration, the decision regarding the feasibility of a 
minimally invasive approach should be made preoperatively 
(see above).

In cases involving the lateral or anterior chest wall, it is 
possible to adapt the location of the uniportal access or the 
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Figure 2 Histopathologic and radiographic findings of a T4 tumor resected by hybrid VATS (anatomic lung resection through uniportal 
VATS with a dorsal counter incision for rib and partial vertebral body resection). (A) Macroscopic view of resected specimen (lung en bloc 
with ribs and vertebral bodies), showing lung cancer infiltrating the vertebral bodies and an adjacent rib by direct spread; (B) chest MRT 
scan in axial view showing a tumor in the right upper lobe with infiltration of the dorsal ribs and vertebral bodies; (C) chest MRT scan in 
sagittal view showing a tumor in the right upper lobe with infiltration of the dorsal ribs and vertebral bodies; (D) chest MRT scan in coronal 
view showing a tumor in the right upper lobe with infiltration of the dorsal ribs and vertebral bodies. VATS, video-assisted thoracoscopic 
surgery; MRT, magnetic resonance tomography.

A

C D

B

A B

Figure 3 Thoracoscopic view after uniportal VATS upper lobectomy. (A) Resected upper lobe (with stapling line) attached to the chest wall; 
(B) incision of the parietal pleura to divide the intercostal muscles and determine borders of resection. VATS, video-assisted thoracoscopic 
surgery.
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utility incision in mVATS. For example, placing the uVATS 
incision more anteriorly or caudally relative to the standard 
position (fourth or fifth intercostal space in the anterior to 
midaxillary line) may allow for easier access at the border of 
the planned chest wall resection area. A chest wall resection 
performed through a singular access with direct (view of the 
chest wall through the uniportal access) and thoracoscopic 
visualization is thus possible (Figure 5).

For smaller tumors up to 5 cm with an anterolateral 
location of chest wall involvement and good exposure/
visibility of the affected chest wall by VATS, chest wall 
resection can be performed first. This, in turn, significantly 

facilitates the subsequent lobectomy by increasing the 
mobility of the affected lobe.

Larger tumors with a wide infiltration of the chest 
wall or tumors located posteriorly, which cannot be fully 
visualized by thoracoscopy, are better suited for a hybrid 
technique due to the limited thoracoscopic view of the 
posterior chest wall and posterior part of the lung and 
hilum. Hybrid VATS (Figure 6) uses an additional incision 
directly above the tumor and the affected chest wall area 
(counter incision) for chest wall resection, which can be 
performed either before or after VATS lobectomy (uVATS 
or mVATS). Large or posteriorly located tumors that may 

A B

Figure 4 Uniportal VATS approach and intraoperative view of suspected chest wall infiltration. (A) Lung attached to the chest wall; (B) 
partially resected intercostal muscle en bloc with lower lobe (extended resection). VATS, video-assisted thoracoscopic surgery.

Figure 5 Uniportal VATS approach for chest wall resections close to the uniportal incision, surgeon’s view: use of a Liston bone cutter for 
dissection of the adjacent ribs. VATS, video-assisted thoracoscopic surgery.
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Figure 6 Hybrid VATS approach for larger chest wall defects including reconstruction, surgeon’s view. (A) Hybrid VATS chest wall resection 
using a counter incision; (B) chest wall reconstruction using a mesh; (C) final result with reconstructed chest wall and counter incision as 
well as 4 cm uVATS incision including placed 24 French chest tube. VATS, video-assisted thoracoscopic surgery; uVATS, uniportal VATS.
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B
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Figure 7 Uniportal VATS approach. (A) Surgical skin-marking of single-port incision of 4 cm; (B) uniportal approach with soft wound 
protector without any rib spreading. VATS, video-assisted thoracoscopic surgery. 

A B

be challenging in their resection can be initially inspected 
by thoracoscopy (uVATS or mVATS), allowing an accurate 
assessment of the extent of chest wall resection. However, 
it can be challenging to perform a lobectomy due to the 
limited mobility of the lung. Hence, chest wall resection 
can be performed prior to lobectomy or in difficult 
cases, conversion to open resection is reasonable to allow 
complete and en bloc resection.

Different VATS approaches

Depending on the surgeon’s preference, anatomic lung 
resections can be performed either by uVATS or mVATS. 
Both techniques use a 3–4 cm incision, which can be 
easily enlarged for removal of larger specimens (lung and 
adherent chest wall), if needed. The advantages of uVATS 
have been shown in several studies (15-17,25). The 
risk of postoperative intercostal neuralgia is increased 
with additional ports (26) and, in general, uVATS is 
associated with lower postoperative pain compared to 
mVATS, due to the involvement of only one intercostal 
space. However, both, uVATS and mVATS can be used 
for lung and chest wall resections and mVATS can also 
be performed using only one intercostal space (e.g., in 
biportal VATS).

We use the standard technique for the uVATS approach 
in anatomic lung resection with the patient receiving 
general anesthesia with a double-lumen endotracheal tube 
(DLT) or an endobronchial blocker. The patient is then 
placed in a lateral decubitus position. The surgeon as well 
as the first assistant are positioned on the ventral side of the 
patient. A single, muscle-sparing incision of 3–4 cm in the 
anterior to midaxillary line of the fourth or fifth intercostal 
space is used to access the thoracic cavity (Figure 7A). 
Depending on the targeted lobe or segments as well as the 

area of the chest wall resection, the location of the incision 
can vary (see above). The routine use of a soft wound 
protector maximizes wound exposure without the need for 
rib spreading (Figure 7B). It simultaneously protects the 
wound from contamination and avoids soiling the camera. 
We usually use a 5 mm 30° angled thoracoscope for uVATS 
procedures. Vascular and bronchial dissection can be 
performed analogously to any other thoracoscopic anatomic 
resection approach (18).

For large tumors, posterior location, large chest 
wall resections or extended resections including partial 
vertebral body resection, an additional incision directly 
above the area of the involved chest wall (verified through 
thoracoscopy) can facilitate en bloc chest wall resection as 
shown in Figure 6. At the same time, this hybrid approach 
allows for effortless large specimen removal en bloc with 
the attached lung tissue through the newly created chest 
wall defect and the superjacent utility or counter incision. 
Compared to the open approach with thoracotomy, this 
method does not require any rib spreading or scapular 
mobilization. Thus, the benefits of minimally invasive 
surgery still apply.

For the hybrid approach, depending on the location of 
chest wall infiltration and the respective counter incision, 
the patient can stay in the lateral decubitus position in 
most cases. Chest wall resection can then be performed 
analogously to open resection. For tumors invading the 
chest wall dorsally, such as shown in Figure 2, the patient 
can also be repositioned after anatomic lung resection was 
performed by uVATS.

Figure 3 shows a case with a resected right upper lobe 
attached to the chest wall, prior to chest wall and partial 
vertebral body resection. Subsequently, prone position, as 
traditionally used in laminectomy or spondylodesis, allows 
for a direct posterior approach to the thoracic spine and 



Video-Assisted Thoracic Surgery, 2023 Page 9 of 18

© Video-Assisted Thoracic Surgery. All rights reserved. Video-assist Thorac Surg 2023;8:45 | https://dx.doi.org/10.21037/vats-23-22

completion of the en bloc resection in such cases.

Resection

The location of the tumor and the involved chest wall 
structures determine the further approach of the minimally 
invasive chest wall resection as illustrated in Figures 5,6,8-10 
and described above.

In case the lung cannot be separated from the chest 
wall through extrapleural mobilization and/or chest wall 
infiltration is present beyond the parietal pleura, the 
procedure can be continued either by completing anatomic 
lung resection prior to chest wall resection or vice versa. 
Performing the chest wall resection first might optimize 
the thoracoscopic view and can facilitate hilar or interlobar 
dissection due to more mobility of the lobe with the 
attached part of the resected chest wall, especially in case 
of chest wall involvement close to the single-port or if the 
attached lung to the chest wall blocks direct access to the 
hilum or the fissure. However, performing lung resection 
prior to chest wall resection can provide better exposure of 
the posterior aspect of the ribs due to greater mobilization 
of the dissected lung, which remains attached to the chest 
wall as shown in Figure 3A. In case of difficult exposure 
through uVATS, conversion to hybrid VATS or even 
thoracotomy can be performed.

After the required extent of chest wall resection is 
determined to obtain sufficient safety margins, an angled 
cautery or an energy device can be used to mark and 
finally divide the intercostal muscles through the single-
port access (Figure 3B). We generally use an energy device 
(e.g., LigaSure™) to incise the parietal pleura and to 
divide the intercostal muscles as well as the vascular and 
neural structures after carefully detaching them from the 
overlaying rib. Figure 8 illustrates the division of the chest 
wall area to be resected without rib spreading and without 
an additional incision.

Next, in case of involvement of the boney structures 
of the chest wall, ribs have to be resected. Endoscopic 
instruments or bone cutters for open resection can be used 
as shown in Figure 5 and Figure 8A,8B.

Depending on the location of chest wall involvement, 
endoscopic instruments including bone cutters may 
facilitate navigating difficult angles. The division of the 
anterior and posterior rib is performed by using a rongeur, 
Liston bone cutter or guillotine rib shear, placed through 
the single-port, without additional incision (Figure 8A,8B). 
In case the uniportal access lies within or adjacent to the 

area of chest wall resection, chest wall resection can still be 
performed through the same access as shown in Figure 5. 
The energy device is then used to remove any attachments 
to the overlying serratus and latissimus muscles. This leaves 
a hole in the chest wall with completely intact serratus 
anterior and latissimus dorsi.

If lung resection follows, the lung with the adjacent 
chest wall can be placed in the thoracic cavity to continue 
lung resection with a mobile lobe. In case lung resection 
has already been performed, the specimen (lung en bloc 
with attached chest wall) can then be removed from the 
pleural cavity through the single-port access with the ribs 
getting out first. Depending on specimen size, in some 
cases, a small enlargement of the skin incision is needed for 
specimen retrieval. Due to the cutting edges of the resected 
ribs, we routinely use the tear resistant and impermeable 
Eco Sac Tissue Retrieval Bag [Fannin (UK) Ltd., Measham 
UK], which is much more robust compared to the normal 
self-opening, detachable and transparent retrieval bags. The 
specimen is then sent for final histopathological evaluation 
or, if needed, for frozen section examination of resection 
margins. The oncological resection is then completed by 
radical and complete mediastinal lymph node dissection 
(MLND). If necessary, chest wall reconstruction is 
performed next as shown in Figure 6B for hybrid VATS and 
in Figure 9A for complete uVATS, followed by chest tube 
placement and wound closure layer by layer (Figure 6C).

Soft tissue coverage and chest wall 
reconstruction methods

Depending on the size of the created chest wall defect, the 
surrounding soft tissue can cover the defect sufficiently 
to prevent lung hernia and the adjacent ribs may provide 
enough stabilization without the need for chest wall 
reconstruction (Figure 8C and Figure 10B). Therefore, for 
small chest wall defects, the necessity of reconstruction 
depends on case by case and is not always mandatory. 
Especially posterior defects and defects up to two ribs or  
5 cm in diameter can be left without reconstruction. Both 
options (reconstruction and non-reconstruction) are shown 
in Figure 9B and Figure 8C for complete uVATS and in 
Figure 6C and Figure 10B for hybrid VATS.

For larger chest wall defects (three or more ribs 
partially resected or defect >5 cm in diameter), chest wall 
reconstruction should be performed using a mesh, e.g., 
a non-absorbable synthetic woven mesh (polypropylene 
mesh), as shown in Figure 6B and Figure 9A. Chest wall 
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Figure 8 Complete uniportal VATS approach for small chest wall defects without reconstruction, surgeon’s view. (A) Thoracoscopic chest 
wall resection using a rongeur; (B) thoracoscopic resection using a Liston bone cutter; (C) final result without reconstruction and with 4 cm 
uVATS incision including placed 24 French chest tube. VATS, video-assisted thoracoscopic surgery; uVATS, uniportal VATS. 
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Figure 9 Complete uniportal VATS approach for chest wall reconstruction, surgeon’s view. (A) Chest wall reconstruction using a mesh and 
Endo Close™ for percutaneous suturing; (B) final result with reconstructed chest wall and 4 cm uVATS incision including placed 24 French 
chest tube. VATS, video-assisted thoracoscopic surgery; uVATS, uniportal VATS. 

reconstruction can be performed in complete uVATS 
technique by thoracoscopic suturing or using an endoscopic 
suturing device, such as the Endo Close™, as shown in 
Figure 9A. We do not routinely use tack fixation to hold the 
mesh in place, as tacks placed into the intercostal space or 
close to the neurovascular bundle can cause postoperative 
bleeding or nerve lesions, leading to chronic postoperative 
pain. If not placed correctly, these tacks can also migrate, 
with a potential need for thoracoscopic removal. For hybrid 
VATS chest wall reconstruction, the mesh can be attached 
by non-absorbable sutures through the created counter 

incision analogous to reconstruction in open surgery as 
shown in Figure 6B.

Postoperative considerations

Compared to conventional lobectomy without chest wall 
resection, patients with additional chest wall resection show 
increased morbidity (20%) and mortality (4–15%) (6,27). 
Both minimally invasive and open chest wall resection 
result in local postoperative pain mostly due to chest 
wall resection itself and not due to thoracotomy and rib 

A

B
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Figure 10 Hybrid VATS approach for small chest wall defects without reconstruction, surgeon’s view. (A) Hybrid VATS chest wall resection 
using a counter incision; (B) final result without reconstruction and with counter incision as well as 4 cm uVATS incision including placed 24 
French chest tube. VATS, video-assisted thoracoscopic surgery; uVATS, uniportal VATS. 

spreading. Postoperative pain can be well controlled by 
epidural analgesia through a thoracic epidural catheter in 
the first few days. However, many years of experience with 
VATS show advantages of the minimally invasive surgical 
technique beyond lesser pain.

Discussion

The beginning and evolution of chest wall resection

In recent decades, the standard approach for chest wall 
resection was thoracotomy (22). This approach allowed 

an exploratory thoracotomy, through which the extent 
of chest wall invasion and planned resection could be 
determined visually and by digital palpation (22). Since 
1991, thoracoscopic exploration has been increasingly 
used in lung cancer surgery as the first step in assessing 
resectability, resulting in a decrease in overall numbers of 
exploratory thoracotomies performed (6).

A study by Roviaro et al. shows the technical progress in 
open surgery for NSCLC with chest wall infiltration and 
also an improved survival rate between 1970 and 1999 (6). 
Between 1970 and 1979, 10 out of 32 patients underwent 

A

B
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exploratory thoracotomy and 22 underwent radical tumor 
resection with a mean 5-year survival rate of 22.7%. With 
advances in anesthesia and diagnostics, such as computed 
tomography in the 1970s as well as technical advances 
in surgery, only two exploratory thoracotomies and two 
exploratory thoracoscopies were performed in 47 patients 
between 1990 and 1999. Radical resection was performed 
in 43 patients with a mean 5-year survival rate of 42.7% 
during the same decade (6). For NSCLC with infiltration of 
the chest wall and without lymph node involvement, a 5-year 
survival rate of 40–50% after complete resection still applies 
today (20,28-31).

These extended thoracic resections including chest 
wall resection through thoracotomy are associated with 
significantly increased morbidity (20%) and mortality  
(4–15%) compared to conventional anatomic lung resection 
via thoracotomy (6,27).

The era of VATS

Since the beginning of the 1990s, thoracoscopy has 
developed not only in the context of diagnostics, but also 
increasingly as a therapeutic approach for anatomic lung 
resection. The minimally invasive technique of lung surgery 
in early-stage NSCLC has gained acceptance over the last 
two decades due to development in surgical technique and 
instrumentation and therefore, replaced the conventional 
thoracotomy as the standard approach for anatomic lung 
resection in early-stage NSCLC (12,32,33).

uVATS anatomic lung resections are considered 
technically demanding procedures. Nevertheless, a distinct 
learning curve can be observed, especially in centers, where 
uVATS is standardly used for segmentectomy, lobectomy and 
even for pneumonectomy or bronchial and vascular sleeve 
resections as in our institution. There is also an increasing 
trend towards VATS used for anatomic lung resection in 
locally advanced NSCLC (e.g., stage IIIA), provided that 
principles of surgical oncology can be followed and complete 
(R0) en bloc resection is possible (12,23,32-35).

Experience with VATS anatomic lung resections over 
many years has shown advantages as described in several 
studies, which can be explained mainly by significantly less 
postoperative pain and better pulmonary function. After 
chest wall resection, postoperative pain is mainly caused by 
chest wall resection itself and not by the surgical approach. 
Patients with chest wall resection show similar postoperative 
pain, whether the resection was performed by thoracotomy 
with rib spreading or by VATS, therefore relativizing 

the benefit of VATS regarding postoperative pain. Other 
benefits of VATS are earlier chest tube removal and shorter 
hospital length of stay, less inflammatory reaction with 
less surgical trauma overall and thus fewer postoperative 
complications such as atrial fibrillation and postoperative 
pneumonia (20,30,36-38).

Different approaches in extended VATS resection

The first description of VATS lung resection en bloc with 
chest wall resection was published by Widmann et al.  
in 2000 (27). The resection was performed through a 
three-port access for NSCLC with previous neoadjuvant  
radiation (27). Different approaches and techniques are 
described in single case reports and smaller case series in 
the literature (20-22,27,39,40). These experienced thoracic 
surgeons have reported their surgical technique with 
different numbers and placement of ports, ranging from 
uniportal (40) up to five-port access (41) as well as using a 
combined hybrid approach (7,20-23), as described above.

Different techniques exist for VATS regarding number 
of ports and their location or placement. Compared to the 
traditional multiport approach, uVATS anatomic resections 
can be performed without compromising surgical safety 
through a single small incision, using only one intercostal 
space without rib spreading (15,18,25). Therefore, the 
single-port approach with its angled instruments offers 
great potential for extended anatomic resection as well as 
easier specimen removal (even when a part of the chest wall 
is attached to the lung) through the standard 3–4 cm or 
slightly enlarged incision.

Berry et al. described a hybrid approach in which the 
thoracoscopic technique is combined with a counter incision 
to perform the en bloc chest wall resection (20). Gonzalez-
Rivas et al. also described a hybrid technique, illustrated in 
a case, where a right upper lobe resection was performed by 
uVATS with an additional posterior incision to resect the 
fourth and fifth rib posteriorly (21).

Rib resection and chest wall reconstruction

Most thoracoscopic rib resections described in the literature 
are located posteriorly. Limited posterior partial rib 
resection does not require thoracic wall reconstruction, as 
the overlying scapula and dense dorsal muscles seal a small 
defect (8,21,28,39).

Anteriorly to laterally, there is a thinner muscle coverage 
of the rib cage with higher risk of postoperative flail chest 
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with respiratory insufficiency or pulmonary hernia (8). In 
anterior and lateral chest wall resections, there are no clear 
guidelines for reconstruction. According to the literature, 
reconstruction of the chest wall is recommended if two or 
more ribs are partially resected or if the defect exceeds 5 cm 
in diameter (39,42-44).

There exists  a  wider choice of  non-absorbable 
prosthetic material for chest wall reconstruction, such as 
polytetrafluoroethylene (PTFE) meshes (e.g., Teflon), 
expanded PTFE meshes (e.g., Gore-Tex) and polypropylene 
meshes (e.g., Prolene) (6,45). The PTFE mesh and the 
polypropylene mesh are the most commonly used meshes 
(39,45).

As described above, we do not routinely recommend the 
use of tack fixation due to the risk of intercostal bleeding 
and nerve lesions. Furthermore, tack migration can occur 
with risk of erosion and bleeding, resulting in a need for 
surgical removal of the migrated foreign body. Therefore, 
we recommend using an endoscopic fixation tool, for 
example, the Endo Close™ endoscopic suturing device as 
illustrated in Figure 9A.

Limits of VATS in chest wall resection

The minimally invasive technique using VATS for chest 
wall resection has shown its limits, especially in very 
large tumors over 7 cm and in superior sulcus tumors. 
Superior sulcus or Pancoast tumors are generally seen as 
a separate entity of lung tumors with different approaches 
in treatment. It is difficult to perform VATS resection in 
cases with tumors >7 cm because the large tumor mass 
limits the mobility of the lung and can obstruct the view of 
both the area of chest wall infiltration and the central hilar 
structures (30). In large tumors, surgery with inadequate 
visibility is not only very demanding but also carries a 
high intraoperative risk of inadvertent vascular injury. In 
addition, removal of the tumor en bloc leads to a certain 
enlargement of the incision with the need for rib spreading, 
losing some of the benefits of the minimally invasive 
approach. Reconstruction of very large thoracic wall 
defects is also shown to be unsuitable for VATS techniques.

Postoperative complications

Some of the postoperative complications reported in some 
case series of minimally invasive chest wall resection in the 
literature most frequently include cardiac arrhythmias such 
as atrial fibrillation, prolonged air leak and postoperative 

pneumonia (20,23,46,47). Overall, the types of postoperative 
complications are similar to minimally invasive lung 
resection without chest wall resection, but according to the 
greater extent of surgery due to chest wall resection, the risk 
for postoperative complications is slightly higher.

The impact of neoadjuvant treatment in minimally 
invasive thoracic surgery

For potentially resectable tumors (T3N1 or even T4N0–1, 
depending on extent) and provided that complete resection 
(R0) can be performed, a combined modality approach 
including radical en bloc resection should be discussed 
in selected cases after multidisciplinary evaluation. 
Chemotherapy can be offered in a neoadjuvant or adjuvant 
regime with or without radiation (34,48-53). Neoadjuvant 
treatment may generally accomplish a reduction in tumor 
size, making radical resection more feasible and can 
eradicate micrometastatic disease. Neoadjuvant treatment 
also significantly improves overall survival, time to distant 
recurrence and recurrence-free survival (53-62). Moreover, 
for superior sulcus tumors, as a separate entity of lung 
tumors with a different approach in therapy, anatomic 
lung resection following neoadjuvant chemoradiotherapy 
in selected patients shows the best survival benefit 
(50,53,63,64). However, neoadjuvant treatment induces 
local tissue inflammation, resulting in tissue adhesions with 
increased tissue and especially vascular fragility, therefore, 
making surgery, especially minimally invasive approaches, 
more difficult and adhesiolysis as well as dissection more 
tedious, resulting in longer operation times for open and for 
minimally invasive thoracic surgery (53,65-68).

Restaging, reevaluation and especially surgical planning 
after neoadjuvant treatment must be emphasized, as 
reported complete (R0) resection rates are 64% for T3N0 
and 39% for T4N0 tumors (69). For an individual subgroup 
of patients with T3 or even T4 tumors, invading the chest 
wall, minimally invasive resection can be offered if deemed 
possible without compromising oncological radicality (53). 
Additionally, as experience with video-assisted and robot-
assisted thoracic surgery grew over the years, neoadjuvant 
treatment is no longer a contraindication for minimally 
invasive surgery.

Own experience and expertise

Over five years (January 2016 to December 2020), 2.0% 
of all anatomic lung resections at our institution included 
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en bloc chest wall resection that went beyond extrapleural 
mobilization of the lung. In 17.7% of these cases, indication 
for minimally invasive resection was made. Similar results 
regarding the ratio between open and minimally invasive 
approaches for chest wall resections are shown in the case 
series of Berry et al. (20), where 93 out of 105 patients 
were treated by thoracotomy and in 12 cases a hybrid 
thoracoscopic approach was used. This corresponds to 
11.4% of all chest wall resections performed minimally 
invasive. Thus, it must be emphasized that only selected 
cases are suitable for such a minimally invasive approach. 
In addition, experience in oncological thoracic surgery, 
especially with minimally invasive techniques and the 
surgeon’s preference for these demanding resections 
also play a role in the decision process of indication for 
minimally invasive resection. Furthermore, with greater 
experience in minimally invasive approaches, extended 
resections, especially through hybrid VATS, become more 
popular.

In our institution, the main reason for the open 
approach was tumor size and preoperative neoadjuvant 
chemoradiotherapy or neoadjuvant chemotherapy.

In many case series reported in the literature, the surgical 
technique has not been discussed in detail (47) and there 
are also no clear descriptions of whether the chest wall 
resection was only an extrapleural mobilization of the lung 
without chest wall resection that goes beyond, therefore, 
making interpretation of this mixed data and the described 
outcomes of this heterogenous group very difficult (20,47). 
Especially, as depth of chest wall infiltration is a main 
predictive factor for prognosis and long-term survival (4,70).

Conclusions

Ongoing improvements in techniques and instruments for 
VATS have allowed lung surgery to become more minimally 
invasive with faster postoperative rehabilitation. Thus, 
offering minimally invasive resection for an individual 
subgroup of patients with lung cancer and chest wall 
involvement. The described approaches (uVATS and hybrid 
VATS) are feasible and some of the least invasive approaches 
in thoracic surgery for extended tumor resection.

As experience in minimally invasive thoracic surgery 
increases, the tendency of used approaches in extended 
resections shifts from open to hybrid to a more and more 
minimally invasive approach, with low morbidity and 
complication rates.

In highly selected cases with adequate preoperative 

planning, uniportal and hybrid VATS en bloc lung and chest 
wall resections are feasible therapeutic options in patients 
with lung cancer and chest wall involvement.
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