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Chapter

Minimally Invasive Approaches 
in the Thoracic Surgery
Güntuğ Batıhan and Kenan Can Ceylan

Abstract

Minimally invasive techniques in thoracic surgery have made great progress 
over the past 20 years and are still evolving. Many surgical procedures performed 
with large thoracotomy incisions in the past can now be performed with much 
smaller incisions. With many studies, the advantages of minimally invasive surgery 
have been clearly seen, and thus its use has become widespread worldwide. Today, 
minimally invasive surgical methods have become the first choice in the diagnosis 
and treatment of lung, pleural and mediastinal pathologies. Minimally invasive 
approaches in thoracic surgery include many different techniques and applica-
tions. In this chapter, current minimally invasive techniques in thoracic surgery are 
discussed and important points are emphasized in the light of the current literature.

Keywords: Lobectomy, minimally invasive surgery, robotic surgery, video-assisted 
thoracic surgery

1. Introduction

Minimally invasive surgical approaches have become widely used in chest surgery 
as they are applied in every area of medicine. With the use of smaller incisions and 
modern instruments, patient comfort has increased, and hospital stays have been 
shortened.

Due to the rigid structure of the thorax, ventilation of the lung, and the presence of 
large vascular structures in the mediastinum, it has not been easy to adapt minimally 
invasive methods to thoracic surgery. While initially limited to simple biopsy proce-
dures and wedge resections, nowadays, extended lung resections can be performed 
with minimally invasive surgery.

Advantages of thoracoscopic lobectomy compared to thoracotomy include less 
postoperative pain, better pulmonary function, early recovery, shorter hospitaliza-
tion have shown by many studies, and Video-assisted thoracic surgery (VATS) has 
become established as a gold standard treatment method for patients with early-stage 
lung cancer [1–6].

2. Brief history of lung resections

In human history, wars, traumas and infections have created the necessity for 
surgical interventions and provoked its development. Lung resection performed by 
Rolandus in a patient with pulmonary herniation due to trauma in 1499 has taken 
its place as the first case in the literature. Similarly, Nicholas Tulp surgically treated 
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a patient with herniated lung due to chest trauma. The surgical method he applied 
was “ligatured it and cut it off with scissors: it weighed three ounces” [7].

Frederik Ruysch (1638–1731) described a case of traumatic lung herniation. He 
ligated the herniated lung and preformed serial dressing changes until the necrotic 
lung sloughed off [8].

The first case of resection for a lung tumor was reported in 1861 by Jules Emil 
Pean. He performed lung resection by suturing the pleura to the lung and, removing 
it with galvanic current cautery [9].

Lung resections performed until the beginning of the 20th century were based 
on cutting a portion of the lobe by ligaturing. In 1927 Whittemore presented his 
exteriorization lobectomy. In this procedure, the lung was firmly sutured to the 
muscles of the chest wall with deep stitches and the wound closed as tightly as 
possible. The main logic here is to make the tissue sloughed off by creating gan-
grene in the part of the lung to be removed [10].

One-staged lobectomy was firstly described by Brunn in 1927. He performed 
lobectomy in patients with bronchiectasis and used the technique of hilar clamping, 
ligation, and suturing with phrenicotomy to keep the diaphragm immobile. He also 
completely closed the pleural cavity and chest wall and used an intercostal catheter 
for drainage [8, 11, 12].

In the following years, the importance of anatomical dissection of hilar struc-
tures was understood and individual ligation and suturing of the anatomical 
structures were performed in lung resections.

Adapting the innovations in technology to surgical treatment methods started a 
new era in thoracic surgery.

Lewis et al. reported 100 consecutive VATS lobectomy in 1992. He stapled the 
hilar structures without individual dissection. The use of this technique has raised 
suspicion in the surgical community against VATS, and individual isolation and 
ligation of the hilar structures have continued [13].

The technique of anterior-to-posterior isolation and ligation of the hilar struc-
tures was firstly described by McKenna [14]. This approach has been adopted and 
successfully applied by many surgeons. Even if the port numbers changed, the basic 
approach remained as the anterior to posterior dissection and division of the hilar 
structures separately (Figures 1 and 2).

Many studies conducted in the following years showed the superiority of VATS 
over thoracotomy in postoperative pain, drainage time, length of hospital stay and 
postoperative complications [14–16].

With the increasing experience, many thoracic surgery procedures and 
advanced lung resections can be successfully performed with VATS today. Although 

Figure 1. 
VATS right lower lobectomy was performed for the lung cancer located in the right lower lobe. Intraoperative 
photographs of important steps were collaged.
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the basic approach remains the same, different techniques have emerged over 
time in videothoracoscopic surgery. Below, we have tried to summarize different 
approaches under the heading of surgical techniques.

3. Surgical technique

Due to the nature of thoracic surgery, its relationship with anesthesiologists is 
more advanced than other surgical specialties. The single-lung ventilation, which 
may be accomplished with either double-lumen endobronchial tubes or with single-
lumen tubes and bronchial blockers, is often required. Placement of a thoracic 
epidural catheter for postoperative pain control is essential. Therefore, the presence 
of an experienced anesthesiologist is of great importance for the intraoperative and 
postoperative process to go smoothly.

The patient is positioned in full lateral decubitus position with slight flexion 
of the table at the level of the mid-chest, which allows slight splaying of the ribs to 

Figure 2. 
VATS right upper lobectomy was performed for the lung cancer located in the right upper lobe. Intraoperative 
photographs of important steps were collaged.

Figure 3. 
Patient and camera position during VATS.
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improve exposure in the absence of rib spreading. The operator and assistant stand 
at the front of the patient and the monitor is positioned at the back (Figure 3).

Endoscopic instruments like endostaplers, endograspers and dissectors, endo-
scopic bag and energy devices should be readily available. The number of ports 
varies depending on the instruments available, the experience of the team and the 
surgeon’s personal preference.

3.1 3-port VATS

In this technique, a 1.5 cm camera port along the midaxillary line is located in 
the 7th or 8th intercostal space in the midaxillary line. The main access (utility) 
port was usually placed in the anterior axillary line 4th intercostal space for an 
upper lobectomy or 5th intercostal space for a lower lobectomy. The posterior port is 
placed at the level of seventh or eighth intercostal space along the posterior axillary 
line (Figure 4).

The posterior port provides an ideal angle for endoscopic staplers and vascular 
structures can be divided without difficulty. In addition, when necessary, the cam-
era is moved to the posterior port to make a better exploration and a safe dissection 
of the hilar structures in the posterior [15, 16].

3.2 2-port VATS

Although there are different variations in this technique in terms of the place-
ment of the camera port, in our clinic, we prefer the middle or anterior axillary 

Figure 4. 
Incisions in the 3-port VATS technique.
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line 7–8. intercostal space. The location of the utility port is similar to the 3-port 
technique (Figure 5).

Due to the lack of a posterior port in this technique appropriate retraction 
maneuvers must be done to ensure safe dissection. The use of more than one 
instrument through the anterior port opening to compensate for the absence of the 
posterior port is not recommended due to the risks of intercostal nerve injury and 
long-term postoperative pain.

3.3 Uniportal VATS

Surgeons have always been attracted by the notion that surgical procedures can 
be performed through a single incision. Three-port and bi-portal VATS lobectomy is 
well established and have been preferred by many thoracic surgeons however with 
increasing experience, the search for a less invasive technique continued.

Uniportal VATS is firstly described by Dr. Gaetano Rocco in 2004 for minor 
thoracic procedures include pleural biopsies, sympathectomies, debridements 
of early-stage empyema. In this study, Rocco stated that wedge resections can be 
performed successfully as in the classical three-port technique and emphasized the 
superiority of uniportal surgery [17].

The first uniportal VATS lobectomy was reported by Gonzalez-Rivas in 2011. 
In the following years, Gonzales demonstrated that even the most complex lung 
resections can be performed with uniportal VATS successfully and safely. Uniportal 
VATS has become preferred by many surgeons due to its advantages, such as causing 
less tissue damage and providing direct vision [18, 19].

Figure 5. 
Incisions in the 2-port VATS technique.
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3–5 cm uniport incision is placed in the 5th intercostal in the anterior axillary 
line. A 5 mm diameter 30° video-thoracoscope is inserted through the same incision 
Thus, the assistant and the surgeon share the same vision of direction. Although 
this is beneficial in terms of team cooperation, the working environment of the 
surgeon is somewhat limited.

3.4 Needlescopic VATS

As the name suggests, Needlescopic VATS is a minimally invasive surgical 
procedure performed by keeping port incisions as small as possible. The term 
of “needlescopic”, which was first defined for laparoscopy, was later used for 
VATS [20–22]. General acceptance is that port incisions in needlescopic VATS are 
smaller than 3 mm and therefore, the essentials of this approach are appropriate 
equipment and instruments. Using this approach, diagnostic procedures, pneu-
mothorax operations and sympathectomies have been successfully performed. 
This technique can also be used for lung resections by making a utility incision in 
addition to the needlescopic ports. Ko HJ et al. reported the results of 75 patients 
who underwent uniportal and needlescopic VATS anatomic resection and defined 
needlescopic approach as a bridge between multiport and uniportal thoracic 
surgery [23, 24].

During the past 15 years at our center, approximately 800 patients have 
undergone VATS lobectomy. Each of the approaches detailed above has been 
applied in our clinic, and as a result, the 3-port approach has been adopted more 
heavily. Our experience has shown that the posterior port provides a very suitable 
angle for hilar dissection and stapler use, and significantly reduces the opera-
tion time. In addition, the lung can be retracted with the grasper used from the 
posterior port and the operator can work with two hands. Whichever approach 
is used in VATS, the important thing is to complete the learning curve and to 
expand the patient scale that can benefit from VATS by increasing experience in 
the approach used.

With the increasing experience, the patient group with a history of locally 
advanced lung cancer or neoadjuvant therapy can also benefit from minimally 
invasive surgery and extended lung resections can be performed successfully.

4. Robot-assisted thoracic surgery (RATS)

The adaptation of the robotic system to the thorax has opened new horizons for 
thoracic surgeons. Features superior to VATS can be summarized as follows [25–27]:

1. Filtration of physiologic hand tremor

2. Ten times magnification and the 3D high definition camera

3. Thanks to the robotic arms that offer articulation it is easier to perform  
complex surgical maneuvers, comfortable reach to the narrow spaces.

4. By offering the surgeon an ergonomic position, it reduces the risk of muscle 
fatigue during the operation.

However, despite all these features, its use has not become widespread due to its 
high cost, long installation and lack of tactile feedback, but undoubtedly, all surgi-
cal procedures will evolve towards robotization in the near future.
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5. Diagnostic performance of VATS in thoracic pathologies

Minimally invasive surgical methods have become a good alternative for patients 
who cannot be diagnosed with non-invasive diagnostic methods. VATS is success-
fully applied for diagnostic purposes in sampling of mediastinal lymph nodes, 
undiagnosed mediastinal masses, and parenchymal lesions [28–30].

EBUS-TBNA is a safe and feasible procedure for the diagnosis of mediastinal 
lymph nodes. However, in mediastinal pathologies, especially in cases where large 
tissue sampling is required, it is not always possible to diagnose with EBUS. VATS 
is feasible for mediastinal lymph nodes and tumors with a sensitivity of 100%. 
VATS is an appropriate method for sampling 5th and 6th station lymph nodes in 
lung cancer staging, which cannot be reached by either EBUS or mediastinoscopy. 
Contrary to the alternative methods that can be used for sampling the lymph nodes 
in this region, VATS can be used to evaluate the thoracic cavity and the T factor of 
the tumor simultaneously.

VATS is a successful method in the diagnosis of parenchymal nodules as well 
as mediastinal pathologies. Although non-surgical methods include CT-guided 
percutaneous needle aspiration and transbronchial biopsy are the first choice in the 
diagnosis of small pulmonary nodules, the success rate of these methods is low in 
lesions below 1 cm and subsolid nodules.

Although it is a safe and feasible method, it can be difficult to detect small and 
subsolid nodules with VATS because of the lack of tactile feedback and of bimanual 
palpation. Various pre-operative and perioperative marking techniques were 
described in the literature to facilitate intraoperative detection of small-sized or 
subsolid nodules [30–32].

Methylene blue, metal wire, micro coil or Technetium-99 can be used for 
marking the parenchymal nodules [30–33]. Because it is effective, easy to apply 
and inexpensive, we prefer preoperative CT-guided injection of methylene blue to 
marking the pulmonary nodules in our clinic. However, an experienced interven-
tional radiologist who has good communication with the surgical team is required 
for the successful application of this technique.

6. VATS resection in the treatment of lung cancer

The application of VATS lobectomy in the surgical treatment of lung cancer has 
a history of approximately 30 years. Lewis et al. published the first VATS lobectomy 
series in the literature, involving 3 patients with lung cancer in 1992. [13]. In 1999, 
a series of 400 cases were published by the same author [34]. However, the surgical 
technique used in these studies was far from the modern VATS lobectomy, which 
involves the dissection of hilar structures separately.

McKenna Jr. described the first VATS lobectomy that forms the basis of today’s 
practice, which includes anatomic dissections with individual ligation of the vessels 
and bronchi. He and his colleagues reported 1100 cases with NSCLC who under-
went VATS lobectomy [14]. Many studies demonstrating the superiority of VATS 
over thoracotomy followed this study, which presented a short hospital stay, low 
mortality and morbidity rates.

In the following years, uniportal VATS lobectomy was described by Gonzalez-
Rivas. He presented the results of 102 patients who underwent uniportal VATS 
lobectomy in 2013. In this study mean surgical time was 154.1 ± 46 minutes and 
the median duration time of a chest tube was 2 days and the median length of 
hospital stay was 3 days [18, 19]. In the following years, Gonzales Rivas shared 
his experiences showing that the uniportal approach can also be used successfully 
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in extended lung resections include bronchial sleeve, vascular sleeve, or double 
sleeve resections [35].

As discussed, the postoperative results of VATS compared to open lobectomy 
have been confirmed in the various studies. Inexperienced centers, VATS lobectomy 
is successfully applied not only in the early stage but also in the surgical treatment 
of locally advanced lung cancer.

7. Conclusions

Minimally invasive surgical approaches have become the preferred choice in 
many diagnostic and therapeutic surgical interventions in today’s thoracic surgery.

However, patient safety should always be prioritized in the selection of the 
surgical method. Intraoperative complications, especially for major lung resections, 
carry a high risk of morbidity and mortality. Therefore, it is very important for the 
surgeon to complete the learning curve in minimally invasive surgery.

It is an indisputable fact that technology directly affects surgical techniques and 
equipment therefore, as long as technological developments continue, minimally 
invasive approaches will keep up its evolution.
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CT Computed tomography
EBUS Endobronchial ultrasound
EUS Endoscopic ultrasound
MRI Magnetic resonance imaging
NSCLC Non-small cell lung cancer
PET Positron emission tomography
VATS Video-assisted thoracic surgery
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