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Equality Statement

Plain Language Summary

NHS England has a duty to have regard to the need to reduce health inequalities in access

to health services and health outcomes achieved as enshrined in the Health and Social

Care Act 2012. NHS England is committed to fulfilling this duty as to equality of access

and to avoiding unlawful discrimination on the grounds of age, gender, disability (including

learning disability), gender reassignment, marriage and civil partnership, pregnancy and

maternity, race, religion or belief, gender or sexual orientation. In carrying out its functions,

NHS England will have due regard to the different needs of protected equality groups, in

line with the Equality Act 2010. This document is compliant with the NHS Constitution and

the Human Rights Act 1998. This applies to all activities for which NHS England is

responsible, including policy development, review and implementation.

The policy proposition aims to confirm NHS England's commissioning approach to robotic 

assisted lung resection for primary lung cancer.

Lung cancer is one of the most common and serious types of cancer. Over 41,000 people 

are diagnosed with the condition every year in the UK.  It is rare in people younger than 40 

and incidence rises sharply with diagnosis being most common for people aged 70-74. 

While people who have never smoked can develop lung cancer, smoking is the main cause 

for over 90% .  

The appropriate treatment for lung cancer will depend on the type of cancer (small cell 

cancer or non small cell cancer), how far it has spread and the individual's general health. 

For some individuals, surgery will be considered as a treatment option. The primary existing 

surgical techniques include open thoracotomy (open surgery) and video assisted 

thoracoscopic surgery (VATS), which is a minimally invasive technique. However, VATS 

has not been widely adopted by the surgical community in part due to the steep learning 

curve. Robotic assisted thoracic surgery is seen by some as a progression on existing 

minimally invasive techniques using a sophisticated, computer-enhanced system to guide 

the surgical tools.  

Robotic surgery requires expensive equipment, which represents a capital cost as well as 

the cost of consumables. Currently providers are reimbursed for robotic assisted surgery 

through the national prices, with a separate additional payment for the cost of the robotic 

consumables.

NHS England has concluded that there is not sufficient evidence to support a proposal for 

the routine commissioning of robotic assisted lung resection for primary lung cancer.
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1. Introduction

2. Proposed Intervention and Clinical Indication

3. Definitions

The appropriate treatment for lung cancer depends on the type of cancer, how far it has 

spread and how good one's general health is. The treatment of lung cancer is a rapidly 

developing field. Existing surgical techniques include Video Assisted Thoracoscopic 

Surgery (VATS) and open thoracotomy. VATS is an evolving minimally invasive technique 

that is increasingly applied in situations where traditional open thoracotomy has long been 

used for lung resections. VATS may have a number of benefits over open thoracotomy 

including smaller incisions, less blood loss, fewer complications and faster recovery times. 

However, VATS has not been widely adopted by the surgical community. In 2013/14 30% 

of resections for primary lung cancer were performed by VATS (SCTS Return 2013/14) in 

part due to the steep learning curve. Thus the majority of patients currently receive open 

thoracotomy.

Robotic Assisted Thoracoscopic Surgery (RATS) is an alternative minimally invasive 

operation platform with a number of potential benefits including 3DHD vision affording 360 

degree vision of the whole of the inside of the chest, a fully articulated arm which allows 

more complex operations in tight spaces and greater ease of use for the surgeon due to the 

better ergonomics. 

This document describes the evidence that has been considered by NHS England in 

formulating a proposal to not routinely commission robotic assisted lung resection for 

primary lung cancer.

For the purpose of consultation NHS England invites views on the evidence and other 

information that has been taken into account as described in this policy proposition.

This document describes the evidence that has been considered by NHS England in 

formulating a proposal to not routinely commission robotic assisted lung resection for 

primary lung cancer.

Robotic Assisted Thoracoscopic Surgery (RATS) uses 3DHD vision and articulated arms 

that move inside the patient, but are pivoted gently through small holes made in the rib 

spaces. The arms are controlled by the operating surgeon working at a console nearby with 

a second surgeon scrubbed at the table for positioning of instruments.  

Video Assisted Thoracoscopic Surgery (VATS) is an evolving minimally invasive technique 

that is increasingly applied in situations where traditional open thoracotomy has long been 

used for lung resections.

An open thoracotomy is a form of open surgery that can be used to resect part or all of the 

lung.
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4. Aim and Objectives

5. Epidemiology and Needs Assessment

6. Evidence Base

This policy proposition aims to define NHS England's commissioning approach to robotic 

assisted lung resection for primary lung cancer.

The objective is to ensure evidence based commissioning with the aim of improving 

outcomes for adults with lung cancer.

Lung cancer is one of the most common and serious types of cancer. Over 41,000 people 

are diagnosed with the condition every year in the UK. Lung cancer mainly affects older 

people. It is rare in people younger than 40, but the rates of lung cancer rise sharply with 

age. Lung cancer is most commonly diagnosed in people aged 70-74 years. Although 

people who have never smoked can develop lung cancer, smoking is the main cause 

(about 90% of cases). This is because smoking involves regularly inhaling a number of 

different toxic substances.

Robotic Assisted Thoracoscopic Surgery (RATS) would predominately be used for early 

stage lung cancer although potentially more advanced lung cancer (N2) could also be 

treated through the use of RATS.

NHS England has concluded that there is not sufficient evidence to support a proposal for 

the routine commissioning of robotic assisted lung resection for primary lung cancer.

Overall the quality of evidence to address the clinical effectiveness questions around the 

use of RATS in treatment of lung cancer is limited as the predominant sources of evidence 

are single-centre case series reports.  There are no large cohorts or randomised control 

trials (RCTs) comparing RATS and alternative thoracic surgery techniques. Systematic 

reviews and meta-analysis identified in the literature are limited by the quality and type of 

studies available. 

In summary, robotic lobectomy is a feasible, safe, technically reproducible and 

oncologically sound surgical treatment for early-stage lung cancer. There may be 

advantages in cancer upstaging, reduced length of stay, complications, blood loss and 

earlier recovery.  Disadvantages include capital costs, the learning curve for the team, and 

the lack of tactile feedback. Early experiences suggest that the learning curve is 

approximately 20 cases for experienced surgeons. There was no evidence relating 

outcome to volume of cases per surgeon or centre.

Learning curve: 

The literature has suggested that it takes surgeons 18-20 cases (Brooks et al, 2015) and 

approximately one year learning time to go from maximally invasive techniques to minimally 

invasive robotic techniques which is primarily related to the positioning of trocars in the 

chest wall, accessibility of the appropriate surgical tools, ability to determine the use of 

correct robotic arms, and understanding the patient positioning (Brooks et al, 2015). 

Additional learning aspects of robotic-assisted thoracic lobectomy were cited as the loss of 

tactile senses, the increased time of the procedure, and the need for a surgical assistant to 

fire the stapler. A stapler that the surgeon can use has been developed and is expected to 

be introduced soon. 

Safety and peri-operative outcomes:

Safety and perioperative outcomes in relation to this evidence review are defined as 

operation times, length of stay, conversion to open procedures, estimated blood loss, rates 

of morbidity and mortality.  

A systematic review of twelve observational studies including one multi-institutional 

retrospective review of 325 consecutive patients that looked at long term outcomes, 

concludes that RATS is a safe surgical option for lobectomy, thymectomy and mediastinal 

node resection in early stage lung cancers (Brooks et al, 2015). A recent meta-analysis of 

perioperative morbidity data from eight observation studies did not find any significant 

difference in perioperative morbidity rates (RR, 1.02; 95% CI, 0.94-1.10; P=0.605) between 

RATS and VATS for lung cancer.  There was no significant difference in overall 

perioperative mortality rates (RR, 0.28; 95% CI 0.06-1.25; P=0.095) based on meta-

analysis of data from four of the eight studies (Ye et al, 2015).

The operative complications for RATS were identified as 

• Atelectasis (1-22%)

• Atrial Fibrillation (3-19%)

• Air Leak (3-13%)

• ARDS (1-13%)

• Pneumonia (1-5%)

Commonest complications were arrhythmias and air leaks.

Velez-Cubian et al, 2015 combined data taken from 23 studies identified in a literature 

search with a retrospective case series (n=208) from their own institution. Data taken from 

the literature was divided into two groups based on year of publication and the authors' own 

data was divided into an early series and a late series of procedures. In a solely descriptive 

analysis without statistical tests of comparisons, the authors described how mortality and 

morbidity rates were comparable in the first two groups.

Quality of Life outcomes:

There was limited evidence for impact on quality of life.  Balduyck et al, 2011 reports that 

patients who underwent RATS returned to pre surgery levels of physical, role and social 

functioning sooner than those who underwent open sternotomy.  Significant limitations in 

the study design prevent extrapolation of these findings beyond the study population.

Oncological outcomes:

Nodal upstaging is a surrogate measure of the quality of the surgery.  Higher rates of nodal 

upstaging are preferred and the ability to assess more nodes provides a strong prognostic 

tool.

Several studies have reported that the open thoracotomy approach has higher mean total 

number of N2 lymph nodes retrieved than the VATS approach (Velez-Cubian et al, 2015). 

The rate of nodal upstaging for RATS (10.9%) appeared to be superior than for VATS and 

similar to thoracotomy data by clinical tumour stage. Velez-Cubian's own cohort had an 

overall 30% upstaging rate and a 19% nodal upstaging rate. Wilson et al, 2014 

demonstrated upstaging in 33 out of 302 patients, however 2 year disease free survival and 

overall survival at 70.2% and 88% remained similar to VATS and Thoracotomy.  Similar 

rates of lymph node upstaging and lack of an impact on 2 year disease free and overall 

survival was also shown by Lee et al, 2015. The inference is that RATS permits meticulous 

and detailed dissection and lymph node dissection that can improve early detection of 

metastatic disease. This more accurate staging will allow further appropriate adjuvant 

chemotherapy. A multi-centre study (Park et al, 2012) has also shown that RATS resulted 

in an overall 5-year survival for the group of 80%.  By cancer stage there was 5 year 

survival of stage 1A cancers of 91%, 1B of 88% and 49% for all patients with stage II.

In Velez-Cubian et al, 2015 the oncological outcome was measured in terms of mediastinal 

nodal station dissection and upstaging rates. The oncological outcomes were not reported 

in the same comparative groups (literature review 2005-10; 2011-14) but instead a 

comparison was undertaken with the National Comprehensive Cancer Network (NCCN) 

database and one study identified by the authors. Mediastinal lymph node (LN) dissection 

and detection of occult mediastinal LN metastases were improved during robotic-assisted 

lobectomy for non-small-cell lung cancer, as demonstrated by an overall 30% upstaging 

rate, including a 19% nodal upstaging rate, in the cohort.

Cost effectiveness:

Data from US studies indicates open thoracotomy remains the most costly out of the three 

options with longer hospitalisation, intensive care and respiratory therapy use. The cost of 

RATS increases the minimal invasive surgery (VATS) cost by 3000 to 4500 USD per case. 

The key cost drivers of RATS were the capital costs, followed by cost of specific 

consumables (Swanson et al 2014, Deen et al 2014).  Park et al, 2008 report further 

additional costs due to additional procedures undertaken for RATS cases. Current 

evidence is largely cost–comparisons of direct peri-operative costs. More studies are 

needed for evaluating the cost effectiveness and long term clinical benefit to the patients.
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Overall the quality of evidence to address the clinical effectiveness questions around the 

use of RATS in treatment of lung cancer is limited as the predominant sources of evidence 

are single-centre case series reports.  There are no large cohorts or randomised control 

trials (RCTs) comparing RATS and alternative thoracic surgery techniques. Systematic 

reviews and meta-analysis identified in the literature are limited by the quality and type of 

studies available. 

In summary, robotic lobectomy is a feasible, safe, technically reproducible and 

oncologically sound surgical treatment for early-stage lung cancer. There may be 

advantages in cancer upstaging, reduced length of stay, complications, blood loss and 

earlier recovery.  Disadvantages include capital costs, the learning curve for the team, and 

the lack of tactile feedback. Early experiences suggest that the learning curve is 

approximately 20 cases for experienced surgeons. There was no evidence relating 

outcome to volume of cases per surgeon or centre.

Learning curve: 

The literature has suggested that it takes surgeons 18-20 cases (Brooks et al, 2015) and 

approximately one year learning time to go from maximally invasive techniques to minimally 

invasive robotic techniques which is primarily related to the positioning of trocars in the 

chest wall, accessibility of the appropriate surgical tools, ability to determine the use of 

correct robotic arms, and understanding the patient positioning (Brooks et al, 2015). 

Additional learning aspects of robotic-assisted thoracic lobectomy were cited as the loss of 

tactile senses, the increased time of the procedure, and the need for a surgical assistant to 

fire the stapler. A stapler that the surgeon can use has been developed and is expected to 

be introduced soon. 

Safety and peri-operative outcomes:

Safety and perioperative outcomes in relation to this evidence review are defined as 

operation times, length of stay, conversion to open procedures, estimated blood loss, rates 

of morbidity and mortality.  

A systematic review of twelve observational studies including one multi-institutional 

retrospective review of 325 consecutive patients that looked at long term outcomes, 

concludes that RATS is a safe surgical option for lobectomy, thymectomy and mediastinal 

node resection in early stage lung cancers (Brooks et al, 2015). A recent meta-analysis of 

perioperative morbidity data from eight observation studies did not find any significant 

difference in perioperative morbidity rates (RR, 1.02; 95% CI, 0.94-1.10; P=0.605) between 

RATS and VATS for lung cancer.  There was no significant difference in overall 

perioperative mortality rates (RR, 0.28; 95% CI 0.06-1.25; P=0.095) based on meta-

analysis of data from four of the eight studies (Ye et al, 2015).

The operative complications for RATS were identified as 

• Atelectasis (1-22%)

• Atrial Fibrillation (3-19%)

• Air Leak (3-13%)

• ARDS (1-13%)

• Pneumonia (1-5%)

Commonest complications were arrhythmias and air leaks.

Velez-Cubian et al, 2015 combined data taken from 23 studies identified in a literature 

search with a retrospective case series (n=208) from their own institution. Data taken from 

the literature was divided into two groups based on year of publication and the authors' own 

data was divided into an early series and a late series of procedures. In a solely descriptive 

analysis without statistical tests of comparisons, the authors described how mortality and 

morbidity rates were comparable in the first two groups.

Quality of Life outcomes:

There was limited evidence for impact on quality of life.  Balduyck et al, 2011 reports that 

patients who underwent RATS returned to pre surgery levels of physical, role and social 

functioning sooner than those who underwent open sternotomy.  Significant limitations in 

the study design prevent extrapolation of these findings beyond the study population.

Oncological outcomes:

Nodal upstaging is a surrogate measure of the quality of the surgery.  Higher rates of nodal 

upstaging are preferred and the ability to assess more nodes provides a strong prognostic 

tool.

Several studies have reported that the open thoracotomy approach has higher mean total 

number of N2 lymph nodes retrieved than the VATS approach (Velez-Cubian et al, 2015). 

The rate of nodal upstaging for RATS (10.9%) appeared to be superior than for VATS and 

similar to thoracotomy data by clinical tumour stage. Velez-Cubian's own cohort had an 

overall 30% upstaging rate and a 19% nodal upstaging rate. Wilson et al, 2014 

demonstrated upstaging in 33 out of 302 patients, however 2 year disease free survival and 

overall survival at 70.2% and 88% remained similar to VATS and Thoracotomy.  Similar 

rates of lymph node upstaging and lack of an impact on 2 year disease free and overall 

survival was also shown by Lee et al, 2015. The inference is that RATS permits meticulous 

and detailed dissection and lymph node dissection that can improve early detection of 

metastatic disease. This more accurate staging will allow further appropriate adjuvant 

chemotherapy. A multi-centre study (Park et al, 2012) has also shown that RATS resulted 

in an overall 5-year survival for the group of 80%.  By cancer stage there was 5 year 

survival of stage 1A cancers of 91%, 1B of 88% and 49% for all patients with stage II.

In Velez-Cubian et al, 2015 the oncological outcome was measured in terms of mediastinal 

nodal station dissection and upstaging rates. The oncological outcomes were not reported 

in the same comparative groups (literature review 2005-10; 2011-14) but instead a 

comparison was undertaken with the National Comprehensive Cancer Network (NCCN) 

database and one study identified by the authors. Mediastinal lymph node (LN) dissection 

and detection of occult mediastinal LN metastases were improved during robotic-assisted 

lobectomy for non-small-cell lung cancer, as demonstrated by an overall 30% upstaging 

rate, including a 19% nodal upstaging rate, in the cohort.

Cost effectiveness:

Data from US studies indicates open thoracotomy remains the most costly out of the three 

options with longer hospitalisation, intensive care and respiratory therapy use. The cost of 

RATS increases the minimal invasive surgery (VATS) cost by 3000 to 4500 USD per case. 

The key cost drivers of RATS were the capital costs, followed by cost of specific 

consumables (Swanson et al 2014, Deen et al 2014).  Park et al, 2008 report further 

additional costs due to additional procedures undertaken for RATS cases. Current 

evidence is largely cost–comparisons of direct peri-operative costs. More studies are 

needed for evaluating the cost effectiveness and long term clinical benefit to the patients.
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Overall the quality of evidence to address the clinical effectiveness questions around the 

use of RATS in treatment of lung cancer is limited as the predominant sources of evidence 

are single-centre case series reports.  There are no large cohorts or randomised control 

trials (RCTs) comparing RATS and alternative thoracic surgery techniques. Systematic 

reviews and meta-analysis identified in the literature are limited by the quality and type of 

studies available. 

In summary, robotic lobectomy is a feasible, safe, technically reproducible and 

oncologically sound surgical treatment for early-stage lung cancer. There may be 

advantages in cancer upstaging, reduced length of stay, complications, blood loss and 

earlier recovery.  Disadvantages include capital costs, the learning curve for the team, and 

the lack of tactile feedback. Early experiences suggest that the learning curve is 

approximately 20 cases for experienced surgeons. There was no evidence relating 

outcome to volume of cases per surgeon or centre.

Learning curve: 

The literature has suggested that it takes surgeons 18-20 cases (Brooks et al, 2015) and 

approximately one year learning time to go from maximally invasive techniques to minimally 

invasive robotic techniques which is primarily related to the positioning of trocars in the 

chest wall, accessibility of the appropriate surgical tools, ability to determine the use of 

correct robotic arms, and understanding the patient positioning (Brooks et al, 2015). 

Additional learning aspects of robotic-assisted thoracic lobectomy were cited as the loss of 

tactile senses, the increased time of the procedure, and the need for a surgical assistant to 

fire the stapler. A stapler that the surgeon can use has been developed and is expected to 

be introduced soon. 

Safety and peri-operative outcomes:

Safety and perioperative outcomes in relation to this evidence review are defined as 

operation times, length of stay, conversion to open procedures, estimated blood loss, rates 

of morbidity and mortality.  

A systematic review of twelve observational studies including one multi-institutional 

retrospective review of 325 consecutive patients that looked at long term outcomes, 

concludes that RATS is a safe surgical option for lobectomy, thymectomy and mediastinal 

node resection in early stage lung cancers (Brooks et al, 2015). A recent meta-analysis of 

perioperative morbidity data from eight observation studies did not find any significant 

difference in perioperative morbidity rates (RR, 1.02; 95% CI, 0.94-1.10; P=0.605) between 

RATS and VATS for lung cancer.  There was no significant difference in overall 

perioperative mortality rates (RR, 0.28; 95% CI 0.06-1.25; P=0.095) based on meta-

analysis of data from four of the eight studies (Ye et al, 2015).

The operative complications for RATS were identified as 

• Atelectasis (1-22%)

• Atrial Fibrillation (3-19%)

• Air Leak (3-13%)

• ARDS (1-13%)

• Pneumonia (1-5%)

Commonest complications were arrhythmias and air leaks.

Velez-Cubian et al, 2015 combined data taken from 23 studies identified in a literature 

search with a retrospective case series (n=208) from their own institution. Data taken from 

the literature was divided into two groups based on year of publication and the authors' own 

data was divided into an early series and a late series of procedures. In a solely descriptive 

analysis without statistical tests of comparisons, the authors described how mortality and 

morbidity rates were comparable in the first two groups.

Quality of Life outcomes:

There was limited evidence for impact on quality of life.  Balduyck et al, 2011 reports that 

patients who underwent RATS returned to pre surgery levels of physical, role and social 

functioning sooner than those who underwent open sternotomy.  Significant limitations in 

the study design prevent extrapolation of these findings beyond the study population.

Oncological outcomes:

Nodal upstaging is a surrogate measure of the quality of the surgery.  Higher rates of nodal 

upstaging are preferred and the ability to assess more nodes provides a strong prognostic 

tool.

Several studies have reported that the open thoracotomy approach has higher mean total 

number of N2 lymph nodes retrieved than the VATS approach (Velez-Cubian et al, 2015). 

The rate of nodal upstaging for RATS (10.9%) appeared to be superior than for VATS and 

similar to thoracotomy data by clinical tumour stage. Velez-Cubian's own cohort had an 

overall 30% upstaging rate and a 19% nodal upstaging rate. Wilson et al, 2014 

demonstrated upstaging in 33 out of 302 patients, however 2 year disease free survival and 

overall survival at 70.2% and 88% remained similar to VATS and Thoracotomy.  Similar 

rates of lymph node upstaging and lack of an impact on 2 year disease free and overall 

survival was also shown by Lee et al, 2015. The inference is that RATS permits meticulous 

and detailed dissection and lymph node dissection that can improve early detection of 

metastatic disease. This more accurate staging will allow further appropriate adjuvant 

chemotherapy. A multi-centre study (Park et al, 2012) has also shown that RATS resulted 

in an overall 5-year survival for the group of 80%.  By cancer stage there was 5 year 

survival of stage 1A cancers of 91%, 1B of 88% and 49% for all patients with stage II.

In Velez-Cubian et al, 2015 the oncological outcome was measured in terms of mediastinal 

nodal station dissection and upstaging rates. The oncological outcomes were not reported 

in the same comparative groups (literature review 2005-10; 2011-14) but instead a 

comparison was undertaken with the National Comprehensive Cancer Network (NCCN) 

database and one study identified by the authors. Mediastinal lymph node (LN) dissection 

and detection of occult mediastinal LN metastases were improved during robotic-assisted 

lobectomy for non-small-cell lung cancer, as demonstrated by an overall 30% upstaging 

rate, including a 19% nodal upstaging rate, in the cohort.

Cost effectiveness:

Data from US studies indicates open thoracotomy remains the most costly out of the three 

options with longer hospitalisation, intensive care and respiratory therapy use. The cost of 

RATS increases the minimal invasive surgery (VATS) cost by 3000 to 4500 USD per case. 

The key cost drivers of RATS were the capital costs, followed by cost of specific 

consumables (Swanson et al 2014, Deen et al 2014).  Park et al, 2008 report further 

additional costs due to additional procedures undertaken for RATS cases. Current 

evidence is largely cost–comparisons of direct peri-operative costs. More studies are 

needed for evaluating the cost effectiveness and long term clinical benefit to the patients.
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7. Documents That Have Informed This Policy Proposition

8. Date of Review
This document will lapse upon publiction by NHS England of a commissioning policy for the 

proposed intervention that confirms whether it is routinely or non-routinely commissioned 

(expected by June 2016).

Overall the quality of evidence to address the clinical effectiveness questions around the 

use of RATS in treatment of lung cancer is limited as the predominant sources of evidence 

are single-centre case series reports.  There are no large cohorts or randomised control 

trials (RCTs) comparing RATS and alternative thoracic surgery techniques. Systematic 

reviews and meta-analysis identified in the literature are limited by the quality and type of 

studies available. 

In summary, robotic lobectomy is a feasible, safe, technically reproducible and 

oncologically sound surgical treatment for early-stage lung cancer. There may be 

advantages in cancer upstaging, reduced length of stay, complications, blood loss and 

earlier recovery.  Disadvantages include capital costs, the learning curve for the team, and 

the lack of tactile feedback. Early experiences suggest that the learning curve is 

approximately 20 cases for experienced surgeons. There was no evidence relating 

outcome to volume of cases per surgeon or centre.

Learning curve: 

The literature has suggested that it takes surgeons 18-20 cases (Brooks et al, 2015) and 

approximately one year learning time to go from maximally invasive techniques to minimally 

invasive robotic techniques which is primarily related to the positioning of trocars in the 

chest wall, accessibility of the appropriate surgical tools, ability to determine the use of 

correct robotic arms, and understanding the patient positioning (Brooks et al, 2015). 

Additional learning aspects of robotic-assisted thoracic lobectomy were cited as the loss of 

tactile senses, the increased time of the procedure, and the need for a surgical assistant to 

fire the stapler. A stapler that the surgeon can use has been developed and is expected to 

be introduced soon. 

Safety and peri-operative outcomes:

Safety and perioperative outcomes in relation to this evidence review are defined as 

operation times, length of stay, conversion to open procedures, estimated blood loss, rates 

of morbidity and mortality.  

A systematic review of twelve observational studies including one multi-institutional 

retrospective review of 325 consecutive patients that looked at long term outcomes, 

concludes that RATS is a safe surgical option for lobectomy, thymectomy and mediastinal 

node resection in early stage lung cancers (Brooks et al, 2015). A recent meta-analysis of 

perioperative morbidity data from eight observation studies did not find any significant 

difference in perioperative morbidity rates (RR, 1.02; 95% CI, 0.94-1.10; P=0.605) between 

RATS and VATS for lung cancer.  There was no significant difference in overall 

perioperative mortality rates (RR, 0.28; 95% CI 0.06-1.25; P=0.095) based on meta-

analysis of data from four of the eight studies (Ye et al, 2015).

The operative complications for RATS were identified as 

• Atelectasis (1-22%)

• Atrial Fibrillation (3-19%)

• Air Leak (3-13%)

• ARDS (1-13%)

• Pneumonia (1-5%)

Commonest complications were arrhythmias and air leaks.

Velez-Cubian et al, 2015 combined data taken from 23 studies identified in a literature 

search with a retrospective case series (n=208) from their own institution. Data taken from 

the literature was divided into two groups based on year of publication and the authors' own 

data was divided into an early series and a late series of procedures. In a solely descriptive 

analysis without statistical tests of comparisons, the authors described how mortality and 

morbidity rates were comparable in the first two groups.

Quality of Life outcomes:

There was limited evidence for impact on quality of life.  Balduyck et al, 2011 reports that 

patients who underwent RATS returned to pre surgery levels of physical, role and social 

functioning sooner than those who underwent open sternotomy.  Significant limitations in 

the study design prevent extrapolation of these findings beyond the study population.

Oncological outcomes:

Nodal upstaging is a surrogate measure of the quality of the surgery.  Higher rates of nodal 

upstaging are preferred and the ability to assess more nodes provides a strong prognostic 

tool.

Several studies have reported that the open thoracotomy approach has higher mean total 

number of N2 lymph nodes retrieved than the VATS approach (Velez-Cubian et al, 2015). 

The rate of nodal upstaging for RATS (10.9%) appeared to be superior than for VATS and 

similar to thoracotomy data by clinical tumour stage. Velez-Cubian's own cohort had an 

overall 30% upstaging rate and a 19% nodal upstaging rate. Wilson et al, 2014 

demonstrated upstaging in 33 out of 302 patients, however 2 year disease free survival and 

overall survival at 70.2% and 88% remained similar to VATS and Thoracotomy.  Similar 

rates of lymph node upstaging and lack of an impact on 2 year disease free and overall 

survival was also shown by Lee et al, 2015. The inference is that RATS permits meticulous 

and detailed dissection and lymph node dissection that can improve early detection of 

metastatic disease. This more accurate staging will allow further appropriate adjuvant 

chemotherapy. A multi-centre study (Park et al, 2012) has also shown that RATS resulted 

in an overall 5-year survival for the group of 80%.  By cancer stage there was 5 year 

survival of stage 1A cancers of 91%, 1B of 88% and 49% for all patients with stage II.

In Velez-Cubian et al, 2015 the oncological outcome was measured in terms of mediastinal 

nodal station dissection and upstaging rates. The oncological outcomes were not reported 

in the same comparative groups (literature review 2005-10; 2011-14) but instead a 

comparison was undertaken with the National Comprehensive Cancer Network (NCCN) 

database and one study identified by the authors. Mediastinal lymph node (LN) dissection 

and detection of occult mediastinal LN metastases were improved during robotic-assisted 

lobectomy for non-small-cell lung cancer, as demonstrated by an overall 30% upstaging 

rate, including a 19% nodal upstaging rate, in the cohort.

Cost effectiveness:

Data from US studies indicates open thoracotomy remains the most costly out of the three 

options with longer hospitalisation, intensive care and respiratory therapy use. The cost of 

RATS increases the minimal invasive surgery (VATS) cost by 3000 to 4500 USD per case. 

The key cost drivers of RATS were the capital costs, followed by cost of specific 

consumables (Swanson et al 2014, Deen et al 2014).  Park et al, 2008 report further 

additional costs due to additional procedures undertaken for RATS cases. Current 

evidence is largely cost–comparisons of direct peri-operative costs. More studies are 

needed for evaluating the cost effectiveness and long term clinical benefit to the patients.
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