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Abstract

Purpose of Review In the last two decades, minimally

invasive approaches for thoracic surgery have become the

major challenge in the field of thoracic surgery. These

techniques became preferable over open surgery (thoraco-

tomy) in terms of reducing pain and having aesthetic

advantages. However, patient selection is one of the most

important factors for minimally invasive surgery because

of related limitations and insufficiency of video-assisted

thoracoscopic surgery (VATS).

Recent Findings Robot-assisted thoracoscopic surgery

(RATS) has been developed to overcome the limitations of

VATS. Better flexibility and transmission the surgeon’s

convenient manoeuvrability in the thoracic cavity are some

of the advantages of robotic surgery.

Summary This paper focuses on the advantages and dis-

advantages of RATS in comparison to that of VATS and

thoracotomy.

Keywords Video-assisted thoracoscopic surgery � Robot-
assisted thoracoscopic surgery � Thoracotomy

Introduction

Video-assisted thoracoscopic surgery (VATS) has become

an essential surgical technique for thoracic surgery, and it

is performed in almost all thoracic surgical indications.

VATS-based lobectomy series for lung cancer have been

reported many times in the last decade [1], and it has

been shown to have several advantages over open surgery

(thoracotomy). These include shorter postoperative stay,

fewer complications, such as decrease incidence of

pneumonia and atrial fibrillation, early return to work and

increased compliance rate of adjuvant chemotherapy

treatment [2, 3]. However, VATS has some disadvan-

tages, such as rigid instruments and two-dimensional (2D)

visualization. Currently, VATS techniques (uniportal,

biportal and three-portal technique) have been adopted

universally. Instrumentations have been developed for

uniportal VATS. Several organizations have helped in the

worldwide distribution of knowledge. Robot-assisted

thoracoscopic surgery (RATS) has been developed to

overcome the limitations of VATS. Better flexibility due

to endo-wrist instruments, more intuitive movements and

high-definition three-dimensional (3D) visualization are

some of the advantages of robotic surgery [4•]. Initially,

robotic surgeons have benefitted from their vast experi-

ence of performing VATS believing that this minimal

invasive modality should provide similar results. How-

ever, with increasing experiences, outcomes of RATS

have been presented. These results demonstrated that they

are not similar, and both surgical techniques may have

superiorities over each other. In this paper, we aimed to

discuss the pros and cons of RATS, VATS and

thoracotomy.
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Indications

Thymectomy and Mediastinal Mass

Optimum exposure and availability of complete mediasti-

nal fatty tissue and thymus resection are the primary

requirements of thymectomy. A transsternal approach has

been claimed to provide both requirements appropriately.

However, this technique has major disadvantages, such as

splitting of the sternum and longer postoperative stay.

Transcervical thymectomy is one of the most applied

minimally invasive techniques for thymectomy. This

technique has been attributed to result in incomplete

thymectomy due to crowding of instruments from the neck

incision. VATS thymectomy gained its popularity in the

last 15 years. It can be performed from the left, right and/or

bilateral thoracic cavity or subxiphoid incision or even in

combinations with neck incision. The aim was to resect the

maximum amount of mediastinal fatty tissue and thymus as

possible. The development of minimally invasive surgery

(MIS) has increased the acceptance of thymectomy [5].

Recently, RATS becomes an important alternative to

VATS. Rueckert et al. presented that patients who under-

went robotic surgery showed a trend toward better cumu-

lative complete remission rate than patients who underwent

non-robotic surgery with respect to those who had myas-

thenia gravis and underwent thymectomy (p = 0.01) [6].

RATS-based thymectomy for early-stage (stages 1 and

2) thymoma has been shown to be a reliable and safe

procedure with a low complication rate and shorter hospital

stay [7]. Pfister claimed that RATS could overcome larger

and more complex thymomas in comparison to VATS [8].

Robotic thymectomy has been demonstrated to have better

early outcomes, and long-term results were similar to that

of the transsternal thymectomy in patients with myasthenia

gravis in Kang’s study [9]. Other anterior mediastinal

masses and mediastinal parathyroid adenoma have also

become indications for robotic surgery because of the

better visualization of the operating field and manoeuvra-

bility of endo-wrist instruments during robotic surgery

[10].

Robotic surgery has become a preferred technique not

only for anterior and middle mediastinal masses but also

for posterior mediastinal masses. Kajiwara et al. reported

that patients who underwent robotic surgical treatment of

posterior mediastinal tumours located adjacent to the ver-

tebrae and aorta are not ideal candidates for VATS resec-

tion [11]. A study advocated that treatment of tumours

located in the posterior mediastinum became feasible with

RATS; these tumours are very difficult to reach with

conventional VATS [11]. A robotic system using wristed

instruments with multiple degrees allows dissection and

cauterizing of the occasional vascularized attachments to

the posterior mediastinal lesions [12].

In our mediastinal robotic surgery experience, VATS

thymectomy is a cheap, safe and effective method for

surgeons who have developed the required endosurgical

capabilities. Certainly, robotic thymectomy is a high-

quality approach, which can reach the shallow parts of the

mediastinum, including the area known as the suprain-

nominate vein region. However, we must agree that VATS

thymectomy is a short surgery because it lacks the docking

procedures that are present in robotic surgery, which

affects the postoperative outcome of in patients with

myasthenia gravis. Cystic lesions located at the middle

mediastinum are the ideal cases for robotic surgery.

Complete resection is an essential part of surgery in

bronchogenic cysts. These cysts may have tight adhesions,

and precise dissection is necessary to avoid major injury to

the bronchus or pulmonary vessels. According to our

experiences, we strongly believe that masses ideal for

resection are neurogenic tumours located at the posterior

part of the thoracic cavity. These tumours are connected to

the nerves, intervertebral foramen and subclavian vein, and

robotic surgery may provide better capabilities without

causing injury.

Oesophagectomy

Oesophagectomy is the primary treatment in selected

patients with resectable oesophageal malignancies. Over

the past 20 years, minimally invasive oesophagectomy is

the preferred method to reduce potential perioperative

complications, especially pulmonary complications. More

recently, robotic-assisted approaches have been increas-

ingly accepted by several centres [13]. Early experiences

in robotic-assisted minimally invasive oesophagectomy

(RAMIE) resections did not show any superiority in

terms of morbidity and mortality. However, initial

experience demonstrated reduced blood loss, shorter

intensive care unit stay and less cardiopulmonary mor-

bidity. Hillegersberg described that the operative tech-

nique of thoraco-laparoscopic oesophagectomy included

better thoracic lymphadenectomy, which involves the

right paratracheal, lower paratracheal (station 4), aor-

topulmonary window, subcarinal and perioesophageal

lymph nodes. The authors claimed that RAMIE is safe

and feasible and may have possible advantages in the

number of dissected lymph nodes that may be compa-

rable with those of open transthoracic oesophagectomies

[14]. The recurrence rate was also reported to be com-

parable to thoracotomy [14].
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Anatomical Lung Resection

Lobectomy is the most common indication in robotic tho-

racic surgery. Several papers report that RATS is safe and

feasible [4, 15•]. Early experience of RATS has been

shown to have similar outcomes as that of VATS [16].

Long-term stage-specific survival is also acceptable and

comparable with previous results for VATS and thoraco-

tomy [17]. According to our experience, the major benefit

of RATS in resections for lung cancer is the capability of

lymph node dissection and resection. The lymph nodes are

removed without rupturing the capsule, bleeding and

causing major complications. Nodal upstaging is one of the

quality predictors of lung cancer surgery. Several studies

have focused on nodal upstaging in RATS. Louie reported

that nodal upstaging was similar to that in VATS. The rate

of nodal upstaging was higher in VATS but similar in

thoracotomy according to a study by Wilson et al. [18•, 19].

Higher upstaging rates maybe associated to RATS

because more lymph node dissection (especially N1 lymph

nodes) than that of thoracotomy and VATS [20••] is

allowed. However, RATS is limited because of its high

costs in lung surgery [21•].

Robotic anatomic lung segmentectomy has been

demonstrated to be a feasible and safe procedure [22].

RATS-based segmentectomy has been reported to be

highly advantageous because it enables better dissection

capabilities around smaller vessels and lymph node dis-

section around lobar and segmentary bronchi. For RATS-

based segmentectomy, surgeons must have experiences in

proper patient selection and should be able to perform

correct docking [23].

However, both RATS- and VATS-based pulmonary

segmentectomies have been demonstrated to have similar

morbidity and mortality rates. RATS may require longer

duration of operation than VATS; however, it may also

have a tendency towards a shorter hospital stay [24].

In our early robotic thoracic surgery experience, most of

the lung resections were performed on patients with stage

1a segmentectomy. We believe that RATS-based seg-

mentectomies, especially lower lobe superior segmentec-

tomy, lower lobe common basal segmentectomy and

lingulectomy, are ideal operations to develop surgeons’

capabilities. These segmentectomies are technically easy to

perform.

Robotic sleeve resections are reported rarely in recent

years. VATS-based sleeve resection had been presented

since 2008 [25], but we believe that sleeve resection did

not gain popularity because of technical difficulties.

However, robotic surgery enabled easier technical adopt-

ability for sleeve resections [26].

We have performed five sleeve lobectomies. Suturing

using robotic arm certainly provides optimum environment

for the anastomosis. We are performing both VATS and

RATS, and we believe that RATS-based sleeve operation is

technically easier and safer.

Outcomes

In this section, we will discuss the outcomes of RATS.

Pain

Pain is the most important postoperative problem after

thoracic surgery. Multimodal analgesic approach which

includes systemic analgesics and local anaesthetics/nerve

blocks, and epidural analgesia are used to treat postoper-

ative pain. Controlling post-thoracotomy pain decreases the

rate of respiratory complications. Minimally invasive

techniques aim to minimize postoperative pain and com-

plications associated with it. Minimizing the operative

trauma and associated inflammatory reactions enable faster

convalescence after surgery [27]. After thoracic surgery,

patients not only suffer from chronic and acute pain but

also chronic numbness [28], especially in the upper quad-

rant of the operated side of the abdomen. Studies have

demonstrated a decrease in pain after MIS, but reports for

chronic numbness has not been clearly presented.

Minimally invasive techniques have been reported to

provide less pain. Lacroix et al. stated that persistent

postoperative pain after robotic surgery is mild and non-

neuropathic-like, with less effect on daily activities. Stud-

ies have also presented that quality of life (QOL) seems not

optimum after a minimally invasive operation, but is better

than that associated with thoracotomy-related pain [29].

No significant difference in acute and chronic pain

between RATS and VATS was found in the clinical trial by

Kwon et al. [28]. However, pain after MIS was signifi-

cantly lower than after a thoracotomy in the same study.

Chronic numbness was significantly higher after open

resection, but chronic pain was comparable between MIS

and thoracotomy [28].

Some authors reported a reduction in postoperative pain

and shortened postoperative stay in hospital with uniportal

VATS-based lobectomy because of one intercostal space

incision. In addition, earlier postoperative administration of

adjuvant therapy is possible, and better aesthetic results

could be obtained [30].

Hospitalization

In both VATS and RATS, the length of postoperative stay

is shorter than open lobectomies [31]. Paul et al. demon-

strated that shorter postoperative stay maybe the conse-

quence of earlier chest tube removal [32]. Less pain in
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early postoperative period maybe another cause of earlier

discharge. Cerfolio et al. compared patients who under-

went robotic lobectomy and who had open rib and nerve-

sparing lobectomy using propensity score matching.

However, the operating time was significantly longer with

the robotic approach (2.2 vs.1.5 h). The robotic group had

significantly better mental QOL and significantly shorter

hospital stay (2.0 vs. 4.0 days) [33••].

Patients who underwent VATS have less surgical

trauma and quicker recovery; thus, earlier adjuvant

chemotherapy application maybe possible [34]. Patients in

both (MIS and thoracotomy) groups started postoperative

chemotherapy after about postoperative day 30. Moreover,

patients who underwent VATS had better compliance to

adjuvant chemotherapy than patients who underwent tho-

racotomy in the same study [34].

Nasir et al. pointed out that robotic anatomic lobectomy

is a safe surgical technique. Their study included 862

patients who underwent robotic surgery. They claimed that

R0 resection is possible even if the tumour size is 7 cm.

Additionally, they claimed that more patients may be

candidates for robotic surgery with this technique. They

also showed superiority in mediastinal and hilar lymph

node dissection (with median number 17) [35•].

Costs

High capital cost is one of the major disadvantages of

robotic surgery. Deen et al. compared the costs of VATS,

RATS and thoracotomy. However, only the costs between

VATS and RATS were found to be significant [36]. VATS

were found to be the cheapest technique. According to Park

et al. the higher costs of RATS-based lobectomy were due

to the increased costs on the first operative day. The

increased costs in thoracotomy are related to the longer

postoperative stay in the hospital [15•].

Perioperative Characteristics

Rinieri et al. reported 51 patients who underwent VATS-

and RATS-based segmentectomies. Conversion to thora-

cotomy, conversion to lobectomy and operative time were

similar. However, the estimated blood loss was signifi-

cantly higher in the VATS group [37].

Augustin et al. presented that in addition to less blood

loss and cheaper costs for VATS group, the operation times

are shorter in comparison to the RATS group [38].

Therefore, Augustin et al. favoured VATS in comparison to

RATS.

The most important reason for high costs of robotic

surgery is longer operation times. Baste et al. analysed

RATS and described that the mean docking time was

30 min [39]. Veronessi et al. specified that the duration of

operation was higher in the muscle-sparing thoracotomy

group, but for robotic resections, specifically after the first

period on a series of operations, operation time was

reduced significantly. A study reported that the mean

operating time was shortened from 260 (152–513) to 235

(146–304) min [40••]. Moreover, a series from Canada

showed that the total operation time decreased by

8.04 ± 1.78 min/case until case 20 (p\ 0.001), and the

console time decreased by 6.64 ± 1.84 min/case in the first

20 cases (p = 0.001) in their first tertile when they anal-

ysed the data [41••]. Toker et al. showed that a sharp

change in the slope of the regression trendline correlated

with case 14 (R2 = 0.72) in the learning curve at docking.

The console time changed in the slope of the regression

trendline in the learning curve of 13 patients (R2 = 0.41) at

the console. In addition, the total operating time decreased

in 14 patients (R2 = 0.57) in the aforementioned study

[42••].

Nodal Upstaging

The number of dissected lymph nodes is used as an indi-

cator of quality and radical surgery [4•]. RATS allows

adequate assessment of mediastinal lymph nodes [43, 44].

Veronesi et al. claimed that the number of lymph nodes

removed with RATS is comparable with thoracotomy

[40••]. Several studies compared the numbers of dissected

mediastinal lymph nodes during VATS- and RATS-based

lobectomies; RATS was found to be associated with higher

lymph node resections [45]. Other studies reported similar

number of sampled lymph nodes in VATS- and RATS-

based lobectomy groups [46]. However, in our previous

study, we described that more lymph nodes were dissected

with RATS than thoracotomy and VATS. The difference

was significant when the total lymph nodes and N1 lymph

nodes (levels 11 and 12) were analysed [20••]. We believe

that this difference, especially in the N1 level, is due to the

higher number of robotic segmentectomies we have per-

formed. In segmentectomy operations, the lymph nodes at

station 12 are also removed to ensure proper dissection

planes [20••].

Manoeuvrability

However though VATS has become a highly preferred

technique in the last few decades, it has some insufficien-

cies, such as rigid instruments and 2D visualization. RATS

brings more capabilities in manoeuvrability as a conse-

quence of better flexibility due to endo-wrist instruments,

more intuitive movements and high-definition 3D visual-

ization [4•, 47]. These increased capabilities may enable

the use of RATS-based sleeve lobectomies or bron-

choplasties for locally advanced lung cancers [48].
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Conclusions

Several studies have compared the long- and short-term

outcomes of VATS, RATS and thoracotomy. Minimally

invasive techniques (VATS and RATS) are advantageous

in reducing pain and hospitalization time. RATS has

become the preferred method because of surgeons’ easy

manoeuvrability into the thoracic cavity. However, higher

cost is the major disadvantage of RATS in comparison to

VATS.
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