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Evidence Appraisal Report 
 

Robot-assisted thoracic surgery 
 

Appraisal summary 

Why did Health Technology Wales (HTW) appraise this topic? 

Robot-assisted thoracic surgery (RATS) is a form of minimally invasive surgery for people 
undergoing resection of lung tissue for cancer or other conditions. Current treatment involves 
either an open operation or a different minimally invasive approach that uses instruments 
guided by an invasive camera (video-assisted thoracoscopic surgery, VATS). The potential 
advantages of robot-assisted surgery are that it might improve surgical precision as well as offer 
less invasive surgery and wider removal of diseased tissues.  

HTW originally appraised this topic and published guidance in 2019. Following enquiries from 
stakeholders this guidance is being re-assessed, because there is new evidence available 
relevant to this appraisal. 

 

What evidence did HTW find? 

We searched for evidence that could be used to answer the review question: what is the clinical 
and cost effectiveness of RATS compared to VATS or to open surgery? 

• We identified five randomised controlled trials (RCTs), four of which compared RATS to 
VATS, the fourth compared RATS to open surgery. The majority of evidence reported in 
these trials was for perioperative or short-term postoperative outcomes. We therefore 
searched for evidence on longer term outcomes (primarily survival and disease 
recurrence) available from other sources, and identified six relevant systematic reviews, 
primarily of observational studies. 

• When comparing RATS to VATS, some evidence suggested benefit from RATS and others 
suggesting no difference or uncertainty. RATS may be beneficial in terms of the 
completeness of lymph node dissection, with most evidence sources reporting a benefit 
compared to VATS. For other perioperative outcomes (resection margin status, duration 
of surgery, and conversion to open surgery), most sources of evidence reported no 
statistically significant difference between RATS and VATS.  

• Most of the evidence on short-term postoperative outcomes (length of stay, 
complications, and quality of life) suggests no difference between RATS and VATS; length 
of stay was reported as shorter after RATS in one systematic review, but four randomised 
controlled trials found no statistically significant difference in length of stay between the 
two procedures. Two trials reported quality of life, one of which reported statistically 
significantly higher quality of life 12 weeks after surgery. However, the results suggest no 
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long-term differences in quality of life (measured up to 12 months after surgery) in people 
who have RATS compared to VATS.  

• Compared to the original evidence review (carried out in 2019), more data on long term 
outcomes (survival, disease-free survival and disease recurrence) is available, but the 
design of the studies that report these mean the evidence is more likely to be subject to 
uncertainty and should be interpreted with caution. Two systematic reviews of 
observational studies reported significant improvements in disease-free survival for 
RATS compared to VATS, but no difference in overall survival. These reviews included 
people having surgery for lung cancer; a third review of thymectomy found no statistically 
significant difference in disease recurrence between RATS and VATS. 

• There was generally less evidence available comparing RATS to open surgery, and the 
evidence that exists is of lower certainty. Compared to open surgery, the available 
evidence suggests RATS may improve resection margins and the success of lymph node 
dissection. Duration of surgery was not statistically significantly different between the 
two procedures.  

• For short-term postoperative outcomes, results from one RCT suggest RATS may improve 
postoperative pain compared to open surgery. Rates of complications were mixed, with 
some sources reporting no difference between the two procedures but some suggesting 
a benefit for RATS over open surgery. There was very limited data comparing length of stay 
in hospital after the two procedures. 

• Evidence on the long-term effectiveness of RATS compared to open surgery is available 
from one RCT (three years follow up) and one systematic review of observational studies. 
The RCT reported no statistically significant difference in 3-year overall or disease-free 
survival between RATS and open surgery. In the systematic review, a significant difference 
in overall survival in favour of RATS was reported, but there was no significant difference 
in disease free survival between the two procedures. 

• We identified 10 economic studies which included two cost-utility analyses. One of the 
studies reported that RATS was not cost effective compared to VATS while the other 
suggested that it is cost effective. However, the studies were only partially applicable to 
the UK setting as they considered the healthcare systems in other countries. 

• Eight cost analyses found a varied cost impact of RATs with some concluding that RATS 
was less costly others concluded that it was more costly.  

• A de novo cost-utility analysis developed by HTW estimated that RATS was not cost 
effective in comparison to VATS. RATS was found to be more effective but more costly than 
VATS with an ICER of £38,509 per QALY. However, there was considerable uncertainty 
around this estimation as the results of scenario and sensitivity analysis showed that 
there were scenarios in which RATS could be more cost effective. This included a scenario 
in which no capital costs were included. 

• The cost effectiveness result was found to be particularly sensitive to changes in 
postoperative complications, health state utilities and costs. RATS was also found to be 
cost effective in a scenario in which the modelled time horizon was extended to 10 years. 
However, there is considerable uncertainty around the extrapolation of survival outcomes 
beyond the period covered within the studies (5 years). 

• A patient experience literature review was undertaken, which aimed to identify and 
summarise any reports of experiences, perspectives and opinions of patients with 
regarding to RATS. The search did not find any relevant studies.  
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What was the outcome of HTW’s appraisal? 

HTW is a national body working to improve quality of care in Wales. We collaborate with partners 
across health, social care, and industry to issue independent guidance that informs 
commissioning within Wales health and social care. We are supported by an Assessment Group, 
who ensure our work adheres to high standards of methodological and scientific rigour, and an 
Appraisal Panel, who consider evidence within the Welsh context and produce HTW guidance. 
More details on our appraisal process, the assessment group, and the appraisal panel can be 
found on the HTW website. 

In this case, the HTW Assessment Group considered the evidence presented in this Evidence 
Appraisal Report (EAR011-2) and concluded there was sufficient evidence for the development of 
guidance. Please refer to the HTW website for full guidance details. 

Evidence Appraisal Report 011-2 follows below and provides full details for this topic. More 
comprehensive details of the HTW Guidance and HTW Appraisal Panel considerations can be 
found on the HTW website. 
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1. Purpose of the Evidence Appraisal Report 

This report aims to identify and summarise evidence that addresses the following question: 
Compared to open surgery or video-assisted thoracoscopic surgery, what is the clinical and cost 
effectiveness of robotic surgery for lung resection or anterior mediastinal mass excision? 

Evidence Appraisal Reports are based on rapid systematic literature searches, with the aim of 
published evidence identifying the best clinical and economic evidence on health technologies. 
Researchers critically evaluate this evidence. The draft Evidence Appraisal Report is reviewed by 
experts and by Health Technology Wales multidisciplinary advisory groups before publication. 

 

2. Health problem 

Thoracic surgery is concerned with conditions of the lungs, chest wall and diaphragm and is 
generally dominated by treatment of malignant disease: either lung cancer or, more rarely, 
tumours of the mediastinum, thymus or thorax. In 2019, there were 2,240 cases of lung cancer 
recorded in Wales (Royal College of Physicians 2022). Approximately 2% of patients diagnosed 
with small cell lung cancer (SCLC) and 16% of patients diagnosed with non-small cell lung cancer 
(NSCLC) undergo surgery to remove their primary tumour (Cancer Research UK 2021). Depending 
on the location, size, and stage of the tumour, surgery will consist of either removal of one lobe 
of the lung (lobectomy), removal of part of one or more lobes (wedge resection), removal of lung 
tissue as well as the associated airways and blood supply (segmentectomy), or occasionally 
removal of the entire lung (pneumonectomy) (EUnetHTA 2019), although the latter technique is 
becoming less widely used. 

The main indication for thoracic surgery is lung cancer. Symptoms for this disease do not often 
occur initially, so most patients with lung cancer present with advanced disease. The 
cornerstone of treatment for potentially resectable lung cancer is surgical removal of the tumour. 
This can be done through either standard open thoracotomy, or using minimally invasive surgery 
(Getting It Right First Time 2018).  

The treatment used for mediastinal tumours depends on the type of tumour and its location with 
thymic cancers and neurogenic tumours treated surgically. There is no recognised clinical 
staging system, although a system has been proposed (Detterbeck et al. 2014). The treatment 
strategy depends on whether it is possible to resect the tumour upfront or not. Minimally 
invasive surgery, including robotic approaches, is an option for presumed stage I and possibly 
stage II tumours (Girard et al. 2015). 

 

3. Health technology 

Robotic surgery is a form of minimally-invasive surgery whereby the instruments of the robotic 
system are controlled by a telemanipulator, which is a device for transmitting hand and finger 
movements to a remote robotic device, allowing the consequent manipulation of objects. The 
robot allows a higher degree of dexterity compared to the laparoscopic approach, which allows 
surgeons to operate in very tight spaces in the body (which would otherwise only be accessible 
through open surgery). Robot-assisted surgical systems in development include single-arm 
units designed to perform single-port surgery—also called single-incision surgery—and multi-
arm systems typically used for multi-port, or multi-incision, procedures. Some manufacturers 
are developing single-port systems designed to access the body via natural orifices describe 
their systems as allowing “scarless” surgery. A comparative potential benefit of multi-arm 
systems over single-arm systems is the ability to perform a broader range of surgical procedures 
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due to their allowing for a larger surgical field with corresponding greater visualization of the 
surgical field and their versatility in positioning instruments, thus increasing surgeons’ ability 
to access more anatomy with those instruments. Generally, single-port systems may be 
preferred for less complex surgery, whereas multi-port systems may be preferred for more 
technically challenging procedures. 

The alternatives to robot-assisted thoracic surgery are other forms of minimally invasive surgery 
(laparoscopic surgery or VATS), or open surgery. Open surgery is a type of surgery in which an 
incision is made using a scalpel to fully expose the area of the body on which the operation will 
be performed. The surgeon inserts the instruments through the incision and conducts the 
surgery. 

Minimally invasive approaches use an incision that is smaller than the usual open incision. It is 
also known as keyhole surgery. One incision is required to place the laparoscope (a viewing 
telescope attached to a camera and light source) that allows the surgeon to see the operative 
area on the video monitor; two or three other small incisions are made to place the surgical 
instruments. In laparoscopic surgery, the surgeon performs the procedure holding rigid 
instruments and views the surgical area through an endoscopic camera that is projected onto a 
monitor. In some cases, a surgery may start out as a minimally invasive procedure, but then 
convert to the larger open incision procedure if the surgeon needs more flexibility of movement 
or due to an adverse event. VATS is a type of minimally invasive surgery, comparable to 
laparoscopy, which does not require the formal thoracotomy incisions, especially the cuts 
through the ribs or breastbone (sternum). VATS is principally performed in the management of 
pulmonary, mediastinal, and pleural pathology. The instrumentation for VATS includes the use 
of a camera-linked optic scope and either conventional thoracic instruments or laparoscopic 
instruments (EUnetHTA 2019). 

Between 2010 and 2015 the proportion of lung cancer surgery reported as undertaken by VATS in 
the UK increased from 13.3% to 38.0% (The Society for Cardiothoracic Surgery in Great Britain & 
Ireland 2018). More recent figures are available only for lobectomy: from 2017-18 to 2021-22, the 
proportion of this surgery done using VATS remained similar (57.7% 2017-18; 60.2% 2021-22). 
During the same period, the proportion of lobectomies done using open surgery declined from 
40.7% to 28.1%, whilst RATS increased from 1.6% to 11.6% (unpublished Society for Cardiothoracic 
Surgery data). 

As of February 2023, robotic systems from two manufacturers are available in Wales. A Da Vinci 
Xi system (Intuitive Surgical) is available at University Hospital Wales. Two Versius systems 
(CMR Surgical) have been deployed at other sites as part of the Wales National Robotic Assisted 
Surgery Programme. See the Organisational Considerations section for further details.  

 

4. Existing guidelines and guidance 

The NICE guideline Lung cancer: diagnosis and management recommends offering surgery (either 
open or thoracoscopic) to people with NSCLC who are well enough and for whom treatment with 
curative intent is suitable, and that surgery should be considered in people with early stage SCLC 
(NICE 2022). The European Society for Medical Oncology guidelines recommend that surgery is 
offered to all patients with stage I and II NSCLC, and specifically that VATS should be the approach 
of choice in stage 1 tumours (Girard et al. 2015). However, this recommendation is only graded as 
level V (evidence from studies without control group, case reports, or expert opinion) and C 
(Insufficient evidence for efficacy). NHS England published their Clinical Commissioning Policy 
Robotic on assisted lung resection for primary lung cancer in 2016. This states that NHS England 
will not routinely commission robotic assisted lung resection for primary lung cancer. The policy 
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concluded that there was not enough evidence to make the treatment available at the time it 
was compiled (NHS England Specialised Commisioning 2016).  

 

5. Clinical effectiveness 

This is the second version of this evidence appraisal report, including all evidence published up 
to August 2023. The original EAR reviewed evidence published up to July 2019 and focused on 
evidence from existing systematic reviews. Most of the evidence included in the original evidence 
review has been superseded by newer reviews and/or individual studies, but we include results 
here from the original evidence review for some outcomes where no more recent evidence is 
available. For fuller details on the methodology used to identify evidence for this report, refer to 
Section 11. 

We identified seven articles covering five unique randomised controlled trials meeting our 
inclusion criteria. Four trials compared RATS to VATS and the fourth trial compared RATS to open 
surgery. Whilst these reported most outcomes of interest, there was limited evidence on long-
term overall survival and disease-free survival: one trial reported these outcomes up to three 
years for RATS compared to open surgery, but no trials comparing RATS to VATS reported survival 
outcomes beyond 90 days of follow up. To provide evidence on survival outcomes, we therefore 
included evidence from four systematic reviews that report these outcomes from observational 
studies. Three of these reviews studied RATS in people having any type of surgery for lung cancer, 
and the fourth studied RATS in people having a thymectomy. All four reviews compared RATS to 
VATs; one review studying lung cancer also compared RATS to open surgery. Because the number 
of recent reviews comparing RATS to open surgery was limited, we also included two systematic 
reviews from our original 2019 evidence review that reported the comparative effectiveness of 
RATS to open surgery for outcomes where no newer evidence was available. 

Detail on the design and characteristics of each included source of evidence can be found in 
Appendix 4. Most of the evidence was from use of RATS in lung cancer surgery, with a minority of 
evidence from mediastinal mass removal or thymectomy. 

Section 5.1 and tables 1-3 summarises all evidence comparing RATS to VATS. Section 5.2 and 
tables 4-6 summarises all evidence comparing RATS to open surgery. In the sections below, 
evidence is from surgery for lung cancer unless otherwise stated (refer to tables 1-6 for the 
population studied by each evidence source). 

 

 RATs compared to VATS 

5.1.1 Perioperative outcomes 

Resection margin status, lymph node dissection status, duration of surgery, and rate of 
conversion to open surgery were all reported within both RCTs and systematic reviews of 
observational studies.  

Evidence from one RCT (Veronesi et al. 2021) and one systematic review (Zhang et al. 2022) 
suggest no difference or uncertainty in rate of R0 resection for RATS compared with VATS. R0 
resection rates were very high in both arms of the RCT that reported this outcome (100% and 97% 
for RATS and VATS respectively).  

Evidence from three RCTs (Jin et al. 2022, Patel et al. 2023, Veronesi et al. 2021) suggests RATS 
may be beneficial in terms of the total number of individual lymph nodes or lymph node stations 
dissected during surgery. In all three trials, the number of lymph nodes or lymph node stations 
examined or dissected was statistically significantly greater for RATS compared to VATS. A 
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systematic review of observational studies (Zhang et al. 2022) also found that RATS resulted in 
a greater number of individual lymph nodes dissected, but no statistically significant difference 
in the number of lymph node  stations dissected. 

Four RCTs (Jin et al. 2022, Patel et al. 2023, Terra et al. 2022, Veronesi et al. 2021) and two 
systematic reviews of observational studies (Wu et al. 2021, Zhang et al. 2022) reported duration 
of surgery for RATS compared to VATS. None of these sources of evidence found a statistically 
significant difference between RATS and VATS for this outcome. 

Four RCTS (Jin et al. 2022, Patel et al. 2023, Terra et al. 2022, Veronesi et al. 2021) and two 
systematic reviews of observational studies (Wu et al. 2021, Zhang et al. 2022) reported rates of 
conversion to open surgery during RATS or VATS. None of the RCTs found a difference between the 
two types of surgery, but rates of conversion in both arms were low (there were 40 conversions 
reported across 636 procedures) meaning any true difference in these studies may be difficult 
to detect. In the two systematic reviews of observational studies, rates of conversion to open 
surgery were statistically significantly lower for RATS compared to VATS. 

 

5.1.2 Postoperative outcomes 

Length of hospital stay, rates of complications or adverse events were all reported within both 
RCTs and systematic reviews of observational studies. Two RCTs reported quality of life 
outcomes.  

Four RCTs (Jin et al. 2022, Patel et al. 2023, Terra et al. 2022, Veronesi et al. 2021) and two 
systematic reviews of observational studies (Wu et al. 2021, Zhang et al. 2022) reported evidence 
on length of stay after RATS compared to VATS. All four RCTs found no statistically significant 
difference in length of stay between the two types of surgery. One systematic review of surgery 
for lung cancer (Zhang et al. 2022) reported a significant reduction in length of stay for RATS 
compared to VATS, but the overall difference was small (mean difference 0.32 days shorter stay 
with RATS, 95% CI 0.04 to 0.60). A second systematic review specifically studying thymectomy 
(Wu et al. 2021) found no statistically significant difference in length of stay after RATS or VATS. 

Three RCTS (Jin et al. 2022, Terra et al. 2022, Veronesi et al. 2021) and two systematic reviews of 
observational studies (Wu et al. 2021, Zhang et al. 2022) reported evidence on complications, 
using various definitions of this outcome and different lengths of follow up (see table 2 for 
details). Where reported, overall incidence of complications varied from 11% to 35.9%. None of the 
sources of evidence found a statistically significant difference in complications between RATS 
and VATS. A fourth RCT by Patel et al. (2023) measured incidence of any adverse event during 
hospital admission, and found no statistically significant different between RATS and VATS. 

Two RCTs measured quality of life after RATS or VATS using a cancer-specific quality of life 
questionnaire (European Organization for Research and Treatment of Cancer Core Quality of Life 
Questionnaire, QLQ-C30) (Jin et al. 2022) or a more generic measure of quality of life (European 
Quality of Life 5 Dimensions Questionnaire, EQ5D) (Jin et al. 2022, Patel et al. 2023). Patients were 
surveyed at before surgery and at various time points up to 12 months or 48 weeks post surgery. 
In the trial by Jin et al. (2022), for both quality of life measures, there were no statistically 
significant differences between RATS and VATS at any post-surgery follow up time. Patel et al. 
(2023) reported statistically significantly better quality of life (measured using EQ-5D-5L) at 12 
weeks, but not at last follow up (12 months).  

Two RCTs (Jin et al. 2022, Terra et al. 2022) reported pain scores (patient-reported visual analogue 
scale) after RATS and VATS, one trial with 3 days of follow up and one with 30 days of follow up. 
Neither trial found a statistically significant difference between RATS and VATS in patient-
reported pain scores at postoperative day 1, or at last follow up time. 
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We found no evidence on patient satisfaction after RATS compared with VATS. 

 

5.1.3 Survival/disease recurrence 

One RCT (Terra et al. 2022) reported survival up to 90 days after surgery. We identified longer term 
survival data from two systematic reviews of observational studies (Leitao et al. 2023, Zhang et 
al. 2022), both of which studied lung cancer surgery. A third review reported rates of disease 
recurrence after thymectomy (Wu et al. 2021). The review by Zhang et al. (2022) reported 
estimated 5 year overall survival and 5 year disease free survival by pooling data from studies 
that measured these outcomes at this specific time point. The other reviews pooled survival 
and/or recurrence data from studies with a range of follow up times (further details in table 3). 

One RCT found no difference in 90-day mortality between RATS and VATS (Terra et al. 2022). Out 
of 78 participants, there were only two deaths reported: one in each arm of the study. Two 
systematic reviews of observational studies (Leitao et al. 2023, Zhang et al. 2022) found no 
significant difference in overall survival between RATS and VATS. 

Two systematic reviews of observational studies reported disease-free survival (Leitao et al. 
2023, Zhang et al. 2022). Both reported a statistically significant benefit for this outcome for 
RATS compared to VATS. A third review reported rate of disease recurrence after thymectomy (Wu 
et al. 2021), and found no statistically significant difference in disease recurrence after RATS 
compared to VATS. 
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Table 1. Perioperative outcomes: robot-assisted thoracic surgery compared to video-assisted thoracic surgery 

Outcome Evidence source(s) Study type, number of studies, 
number of participants 

Population, type of 
surgery 

Absolute effect Relative effect [95% CI] 
(interpretation) 

Resection margin status 

Rate of R0 resection Veronesi et al. (2021) 
Randomised controlled trial, 77 
participants 

Lung cancer, 
lobectomy 

38/38 (100%) RATS;  
38/39 (97%) VATS, 
p=0.15 

NR 

Rate of R0 resection Zhang et al. (2022) 
Systematic review, 7 observational 
studies, 5,329 participants 

Lung cancer, any type 
of surgery 

NR 
OR 0.99 [0.68 to 1.45] 
(favours neither 
intervention) 

Lymph node dissection status 

Total number of lymph 
nodes dissected, median 
(IQR) 

Jin et al. (2022) 
Randomised controlled trial, 320 
participants 

NSCLC, any type of 
surgery 

11 (8-15) RATS; 10 (8-
13) VATS, p=0.02 

NR 

Number of hilar lymph 
nodes dissected, median 
(IQR) 

Veronesi et al. (2021) 
Randomised controlled trial, 77 
participants 

Lung cancer, 
lobectomy 

7 (5-10) RATS; 4 (2-7) 
VATS, p=0.0003 

NR 

Total number of lymph 
nodes dissected 

Zhang et al. (2022) 
Systematic review, 16 observational 
studies, 30,294 participants 

Lung cancer, any type 
of surgery 

NR 
MD 1.18 [0.51 to 1.86] 
(favours RATS) 

Number of lymph node 
stations dissected, 
median (IQR) 

Jin et al. (2022) 
Randomised controlled trial, 320 
participants 

NSCLC, any type of 
surgery 

6 (5-7) RATS; 5 (4-6) 
VATS, p<0.001 

NR 

Number of lymph node 
stations dissected, 
median (IQR) 

Veronesi et al. (2021) 
Randomised controlled trial, 77 
participants 

Lung cancer, 
lobectomy 

6 (4-6) RATS; 4 (3-5) 
VATS, p=0.0002 

NR 

Number of lymph node 
stations dissected 

Zhang et al. (2022) 
Systematic review, 7 observational 
studies, 1,509 participants 

Lung cancer, any type 
of surgery 

NR 
MD -0.15 [-0.98 to 0.68] 
(favours neither) 

Number of lymph nodes 
stations sampled, 
median (IQR) 

Patel et al. (2023) 
Randomised controlled trial, 164 
participants 

NSCLC, lobectomy 
6 (5-7) RATS; 5 (4-6) 
VATS, p = 0.02. 

NR 
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Outcome Evidence source(s) Study type, number of studies, 
number of participants 

Population, type of 
surgery 

Absolute effect Relative effect [95% CI] 
(interpretation) 

Number of lymph node 
stations examined, 
median (IQR): 

Patel et al. (2023) 
Randomised controlled trial, 164 
participants 

NSCLC, lobectomy 
10 (8-13) RATS; 8 (5-
10) VATS, p = 0.003 

NR 

Duration of surgery 

Operative time, min, 
median (IQR) 

Jin et al. (2022) 
Randomised controlled trial, 320 
participants 

NSCLC, any type of 
surgery 

110 (95-140) RATS; 120 
(97.5-150) VATS, 
p=0.25 

NR 

Operative time, min, 
median (IQR) 

Terra et al. (2022) 
Randomised controlled trial, 76 
participants 

Lung cancer, 
lobectomy 

241 (218-265) RATS; 
214 (200-229), p=0.06 

NR 

Operative time, min, 
mean (SD) 

Veronesi et al. (2021) 
Randomised controlled trial, 77 
participants 

Lung cancer, 
lobectomy 

179 (54) RATS, 183 
(41) VATS, p=0.71 

NR 

Total procedure time, 
min, median (IQR) 

Patel et al. (2023) 
Randomised controlled trial, 164 
participants 

NSCLC, lobectomy 
143 (118-170) RATS; 
140 (119-168) VATS, p 
= 0.84 

NR 

Operative time, min Zhang et al. (2022) 
Systematic review, 16 observational 
studies, 11,347 participants 

Lung cancer, any type 
of surgery 

NR 
MD -0.61 [-16.86 to 15.64], 
favours neither 
intervention 

Operative time, min Wu et al. (2021) 
Systematic review, 9 observational 
studies  

Thymectomy NR 
WMD 14.22 [-4.72 to 33.1]6 
(favours neither 
intervention) 

Conversion to open surgery 

Incidence of conversion 
to thoracotomy 

Jin et al. (2022) 
Randomised controlled trial, 320 
participants 

NSCLC, any type of 
surgery 

7 (4.5%) RATS; 9 
(5.5%) VATS, p=0.86 

NR 

Incidence of conversion 
to thoracotomy 

Patel et al. (2023) 
Randomised controlled trial, 164 
participants 

NSCLC, lobectomy 
6 (7.4%) RATS; 13 
(15.7%) VATS, p = 0.10 

 

Incidence of conversion 
to open surgery 

Terra et al. (2022) 
Randomised controlled trial, 76 
participants 

Lung cancer, 
lobectomy 

0 (0%) RATS; 2 (5%) 
VATS, p=0.49 

NR 

Incidence of conversion 
to open surgery 

Veronesi et al. (2021) 
Randomised controlled trial, 77 
participants 

Lung cancer, 
lobectomy 

3 (8%) RATS; 2 (5%) 
VATS, p=0.64 

NR 
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Outcome Evidence source(s) Study type, number of studies, 
number of participants 

Population, type of 
surgery 

Absolute effect Relative effect [95% CI] 
(interpretation) 

Conversion to open 
surgery 

Zhang et al. (2022) 
Systematic review, 14 observational 
studies, 40,919 participants 

Lung cancer, any type 
of surgery 

NR 
OR 0.59 [0.42 to 0.85] 
(favours RATS) 

Conversion to open 
surgery 

Wu et al. (2021) 
Systematic review, 3 observational 
studies 

Thymectomy NR 
OR 0.24 [0.06 to 0.94] 
(favours RATS) 

IQR: interquartile range; MD: mean difference; NR: not reported; NSCLC: non-small cell lung cancer; OR: odds ratio; RATS: robotic-assisted thoracic surgery; SD: standard deviation; 
VATS: video-assisted thoracic surgery; WMD: weighted mean difference 
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Table 2. Postoperative outcomes: robot-assisted thoracic surgery compared to video-assisted thoracic surgery 

Outcome Evidence source(s) Study type, number of studies, 
number of participants 

Population, type 
of surgery 

Absolute effect Relative effect [95% CI] 
(interpretation) 

Length of hospital stay 

Postoperative hospital stay, days, 
median (IQR) 

Jin et al. (2022) 
Randomised controlled trial, 320 
participants 

NSCLC, any type 
of surgery 

4 (4-5) RATS; 5 (4-5) 
VATS, p=0.76 

NR 

Length of hospital stay, days, 
median (IQR) 

Terra et al. (2022) 
Randomised controlled trial, 76 
participants 

Lung cancer, 
lobectomy 

3 (2-4) RATS; 4 (2-5) 
VATS, p=0.55 

NR 

Length of hospital stay, days, 
median (IQR) 

Veronesi et al. (2021) 
Randomised controlled trial, 77 
participants 

Lung cancer, 
lobectomy 

5 (4-8) RATS; 4 (3-6) 
VATS, p=0.27 

NR 

Length of hospital stay, days, 
median (IQR) 

Patel et al. (2023) 
Randomised controlled trial, 164 
participants 

NSCLC, 
lobectomy 

3 (2-5) RATS; 3 (2-5) 
VATS, p = 0.85 

NR 

Length of stay, days Zhang et al. (2022) 
Systematic review, 24 
observational studies, 44,067 
participants 

Lung cancer, any 
type of surgery 

NR 
MD -0.32 [-0.60 to -0.04] 
(favours RATS) 

Length of hospital stay, days Wu et al. (2021) 
Systematic review, 7 
observational studies 

Thymectomy NR 
WMD -0.74 [-1.67 to 0.18] 
(favours neither 
intervention) 

Complications/adverse events 

Incidence of any complication Jin et al. (2022) 
Randomised controlled trial, 320 
participants 

NSCLC, any type 
of surgery 

23 (14.6%) RATS; 30 
(18.4%) VATS, p=0.45 

NR 

Incidence of any complication (90 
days follow up):  

Terra et al. (2022) 
Randomised controlled trial, 76 
participants 

Lung cancer, 
lobectomy 

7 (18.9%) RATS; 14 
(35.9%) VATS, p=0.12 

NR 

Incidence of CTCAE grade 3 or 
greater complications (90 days 
follow up) 

Terra et al. (2022) 
Randomised controlled trial, 76 
participants 

Lung cancer, 
lobectomy 

7 (18.9%) RATS; 10 
(25.6%) VATS, p=0.58 

NR 

Incidence of early post-operative 
complications 

Veronesi et al. (2021) 
Randomised controlled trial, 77 
participants 

Lung cancer, 
lobectomy 

13 (34%) RATS; 9 
(23%) VATS, p=0.28 

NR 

Incidence of late complications Veronesi et al. (2021) 
Randomised controlled trial, 77 
participants 

Lung cancer, 
lobectomy 

5 (23%) RATS; 2 (11%) 
VATS, p=0.33 

NR 
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Outcome Evidence source(s) Study type, number of studies, 
number of participants 

Population, type 
of surgery 

Absolute effect Relative effect [95% CI] 
(interpretation) 

Incidence of any adverse event 
during hospital admission 

Patel et al. (2023) 
Randomised controlled trial, 164 
participants 

NSCLC, 
lobectomy 

  

Any complications Zhang et al. (2022) 
Systematic review of 19 
observational studies, 17,163 
participants 

Lung cancer, any 
type of surgery 

NR 
OR 0.95 [0.88 to 1.02] 
(favours neither 
intervention) 

Any complications Wu et al. (2021) 
Systematic review, 8 
observational studies 

Thymectomy NR 
OR 1.29 [0.64 to 2.57] 
(favours neither 
intervention) 

Quality of life 

QLQ-C30 GHS/QoL, 4 weeks post 
surgery  
(higher score indicates better 
quality of life) 

Jin et al. (2023) 
Randomised controlled trial, 320 
participants 

NSCLC, any type 
of surgery 

Mean (± SD) change 
from baseline: RATS -
27.03 ± 13.34; VATS -
26.42 ± 13.41 

Mean difference between 
groups: -0.39 [-3.08 to 
2.30] 
(favours neither 
intervention) 

QLQ-C30 GHS/QoL, 48 weeks post 
surgery  
(higher score indicates better 
quality of life) 

Jin et al. (2023) 
Randomised controlled trial, 320 
participants 

NSCLC, any type 
of surgery 

Mean (± SD)change 
from baseline: RATS -
7.19 ± 16.60; VATS -
7.28 ± 17.65 

Mean difference between 
groups: -1.28 [-4.73 to 
2.16] 
(favours neither 
intervention) 

EQ-5D utility index, 4 weeks post 
surgery 
(higher score indicates better 
quality of life) 

Jin et al. (2023) 
Randomised controlled trial, 320 
participants 

NSCLC, any type 
of surgery 

Not reported 

Mean difference between 
groups: 0.002 [-0.008 to 
0.012] 
(favours neither 
intervention) 

EQ-5D utility index, 48 weeks post 
surgery  
(higher score indicates better 
quality of life) 

Jin et al. (2023) 
Randomised controlled trial, 320 
participants 

NSCLC, any type 
of surgery 

Not reported 

Mean difference between 
groups: 0.004 [-0.002 to 
0.011] 
(favours neither 
intervention) 
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Outcome Evidence source(s) Study type, number of studies, 
number of participants 

Population, type 
of surgery 

Absolute effect Relative effect [95% CI] 
(interpretation) 

EQ-5D-5L at 12 weeks, mean (SD) Patel et al. (2023) 
Randomised controlled trial, 164 
participants 

NSCLC, 
lobectomy 

0.85 (0.10) RATS; 0.80 
(0.19) VATS 

Mean differencea 
between groups: 0.05 
[0.01, 0.09] 
(favours RATS) 

EQ-5D-5L at 12 months, mean (SD) Patel et al. (2023) 
Randomised controlled trial, 164 
participants 

NSCLC, 
lobectomy 

0.84 (0.11) RATS; 0.79 
(0.22) VATS 

Mean differencea 
between groups: 0.04 [-
0.02, 0.10] (favours 
neither intervention) 

Pain score on postoperative day 1, 
VAS (scale 1-10, higher indicates 
worse pain), median (IQR)  

Jin et al. (2022) 
Randomised controlled trial, 320 
participants 

NSCLC, any type 
of surgery 

2 (2-3) RATS; 3 (2-3) 
VATS, p=0.08 

NR 

Pain score on postoperative day 1, 
VAS (scale 1-10, higher indicates 
worse pain), median  

Terra et al. (2022) 
Randomised controlled trial, 76 
participants 

Lung cancer, 
lobectomy 

5 RATS; 2 VATS, 
p=0.26 

NR 

Pain score on postoperative day 3, 
VAS (scale 1-10, higher indicates 
worse pain), median (IQR)  

Jin et al. (2022) 
Randomised controlled trial, 320 
participants 

NSCLC, any type 
of surgery 

2 (2-2) RATS; 2 (2-3) 
VATS, p=0.60 

NR 

Pain score on postoperative day 30, 
VAS (scale 1-10, higher indicates 
worse pain), median  

Terra et al. (2022) 
Randomised controlled trial, 76 
participants 

Lung cancer, 
lobectomy 

1 RATS; 2 VATS, p=1.0 NR 

a Adjusted for baseline differences in utility and other characteristics using linear regression. 
 
CTCAE: Common Terminology Criteria for Adverse Events; EQ5-D: European Quality of Life 5 Dimensions Questionnaire; IQR: interquartile range; MD: mean difference; NR: not reported; 
NSCLC: non-small cell lung cancer; OR: odds ratio; QLQ-C30 GHS/QoL: European Organization for Research and Treatment of Cancer Core Quality of Life Questionnaire, general health 
status/quality of life; RATS: robotic-assisted thoracic surgery; SD: standard deviation; VAS: visual analogue scale; VATS: video-assisted thoracic surgery; WMD: weighted mean 
difference 
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Table 3. Survival/cancer recurrence outcomes: robot-assisted thoracic surgery compared to video-assisted thoracic surgery 

Outcome Evidence source(s) Study type, number of studies, 
number of participants 

Population, type of 
surgery 

Absolute effect Relative effect [95% CI] 
(interpretation) 

Overall survival 

90-day mortality  Terra et al. (2022) 
Randomised controlled trial, 78 
participants 

Lung cancer, 
lobectomy 

RATS 1 death (2.7%); 
VATS  1 death (2.5%), p=1.0 

NR 

5-year overall 
survival 

Zhang et al. (2022) 
Systematic review; 3 retrospective 
observational studies and 23,489 
people included for this outcome 

Lung cancer, any 
type of surgery 

RATS: 3,738/5,692 (65.7%) 
participants survived for 5 years 
VATS: 11,784/17,797 (66.2%) 
participants survived for 5 years 

OR 0.96 [0.90 to 1.02] 
(favours neither 
intervention) 

Overall survival 
(range 2 years to 5 
years) 

Leitao et al. (2023) 

Systematic review, 9 retrospective 
observational studies including a 
total of 6,624 people included for 
this outcome 

Lung cancer, 
lobectomy 

NR 
HR 0.86 [0.73 to 1.02] 
(favours neither 
intervention) 

Disease-free survival/disease recurrence 

5-year disease-free 
survival 

Zhang et al. (2022) 

Systematic review, 3 retrospective 
observational studies and 572 
participants included for this 
outcome 

Lung cancer, any 
type of surgery 

RATS: 220/271 (81.2%) 
participants disease free after 5 
years 
VATS: 225/301 (74.8%) 
participants disease free after 5 
years 

OR 1.69 [1.11 to 2.57] 
(favours RATS) 

Disease-free survival 
(range 2 years to 5 
years) 

Leitao et al. (2023) 

Systematic review, 7 retrospective 
observational studies including a 
total of 1,309 people included for 
this outcome 

Lung cancer, 
lobectomy 

NR 
HR 0.74 [0.59 to 0.93] 
(favours RATS) 

Rate of disease 
recurrence (any 
follow up time) 

Wu et al. (2021) 
Systematic review 3 retrospective 
observational studies included for 
this outcome 

Thymectomy NR 
OR 0.19 [0.03 to 1.20] 
(favours neither 
intervention) 

HR: hazard ratio; NR: not reported; OR: odds ratio; RATS: robot-assisted thoracic surgery; VATS: video-assisted thoracic surgery 
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  RATS compared to open surgery 

5.2.1 Perioperative outcomes 

Two systematic reviews (O'Sullivan et al. 2019b, O'Sullivan et al. 2019a) and one RCT (Huang et al. 
2021) reported resection margin status, lymph node dissection status, and duration of surgery 
(each source only reported on one of each outcomes).  

One systematic review of observational studies of thymectomy (O'Sullivan et al. 2019b) found a 
lower incidence of positive surgical margins with RATS compared to open surgery, this difference 
was statistically significant in favour of RATS. A second review (O'Sullivan et al. 2019a), which 
pooled data from existing systematic reviews and database studies, found a statistically 
significantly higher lymph node yield during RATS compared to open surgery. For both of these 
outcomes, the differences between groups were statistically significant but numerically small, 
and therefore it is unclear if such differences reflect meaningful benefit. 

One RCT reported duration of surgery with RATS and open surgery and found no statistically 
significant difference between the two procedures for this outcome (Huang et al. 2021). 

 

5.2.2 Postoperative outcomes 

One RCT (Huang et al. 2021) reported length of hospital stay, rate of complications, and some 
limited evidence on quality of life (pain scores only). No systematic reviews reported length of 
stay or quality of life outcomes, but two systematic reviews reported incidence of postoperative 
complications after mediastinal mass resection (EUnetHTA 2019) or thymectomy (O'Sullivan et 
al. 2019b).  

One RCT (Huang et al. 2019) reported shorter length of stay for RATS compared to open surgery 
(10 vs 11 days) but the difference between groups was not statistically significant (p = 0.054). The 
same trial measured pain scores (patient reported, visual analogue scale) up to 5 days after 
surgery. At day 1 and day post surgery, patients who had RATS reported pain of lower severity 
compared to those who had open surgery, and the difference was statistically significant at both 
time points. 

Findings on incidence of complications were mixed across the sources of evidence available. One 
RCT (Huang et al. 2019) found no statistically significant difference in incidence of any 
complication between the two procedures. One systematic review of mediastinal mass resection 
(EUnetHTA 2019) reported no difference in rates of postoperative complications between RATS 
and open surgery, but the overall number of complications reported was very low, making any 
true difference difficult to interpret. In a review that reported on a larger number of patients 
having thymectomy (13 studies of 824 patients), there were significantly fewer complications 
reported after RATS compared to open surgery (O'Sullivan et al. 2019b). 

We found no evidence on patient satisfaction after RATS compared with open surgery. 

 

5.2.3 Survival/disease recurrence 

One RCT and one systematic review both reported on overall and disease-free survival. An RCT by 
Huang et al. (2021) estimated both outcomes at 3 years follow up; a systematic review by Leitao 
et al. (2023) pooled outcome data from studies that estimated overall or disease free survival 
over a range of 3 to 5 years. The RCT reported no statistically significant difference in 3-year 
overall or disease-free survival between RATS and open surgery. In the systematic review, a 
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significant difference in overall survival in favour of RATS was reported, but there was no 
significant difference in disease free survival between the two procedures. 
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Table 4. Perioperative outcomes: robot-assisted thoracic surgery compared to open thoracic surgery:  

Outcome Evidence source(s) Study type, number of studies, 
number of participants 

Population, type of 
surgery 

Absolute effect Relative effect [95% CI] 
(interpretation) 

Resection margin status 

Positive surgical margins O'Sullivan et al. (2019b) 
Systematic review of observational 
studies, 9 studies, 2,701 participants 

Thymectomy 
16/391 events RATS 
vs 289/2310 events 
open 

Risk difference −0.04 
[−0.07 to −0.01], p=0.01 
(favours RATS) 

Lymph node dissection status 

Lymph node yield O'Sullivan et al. (2019a) 

Meta-analysis of published 
systematic reviews and database 
studies, two studies, number of 
participants not reported 

Lobectomy, any 
pathology 

NR 
Standardised mean 
difference 0.09 [ -0.09 to 
0.27], p=0.31 

Duration of surgery 

Operative time, min, 
mean (SD) 

Huang et al. (2021) 
Randomised controlled trial, 148 
participants 

NSCLC, N2 disease, 
lobectomy or 
pneumonectomy 

104 (41) RATS; 102 
(29) open, p=0.757 

NR 

NR: not reported; NSCLC: non-small cell lung cancer; OR: odds ratio; RATS: robot-assisted thoracic surgery; SD: standard deviation 
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Table 5. Postoperative outcomes: robot-assisted thoracic surgery compared to open thoracic surgery 

Outcome Evidence source(s) Study type, number of studies, 
number of participants 

Population, type of 
surgery 

Absolute effect Relative effect [95% CI] 
(interpretation) 

Length of hospital stay 

Length of stay, days, mean 
(range) 

Huang et al. (2021) 
Randomised controlled trial, 148 
participants 

NSCLC, N2 disease, 
lobectomy or 
pneumonectomy 

10 (8-13) RATS; 11 
(9-15) open, p=0.054 

NR 

Complications/adverse events 

Incidence of any 
complication 

Huang et al. (2019) 
Randomised controlled trial, 113 
participants 

NSCLC, N2 disease, 
lobectomy or 
pneumonectomy 

16 (27.6%) RATS; 21 
(38.2%) open, p=0.23 

NR 

Incidence of postoperative 
complications 

EUnetHTA (2019) 
Systematic review of prospective 
studies, one study, 36 patients 

Mediastinal mass 
resection 

3/14 (22%) and 2/22 
(9%) 

NR; no significant 
difference between 
groups 

Incidence of postoperative 
complications 

O'Sullivan et al. 
(2019b) 

Meta-analysis of observational 
studies, 13 studies, 824 patients 

Thymectomy N/R 
OR 0.37 [ 0.22 to 0.60], 
p<0.0001 (favours RATS) 

Quality of life 

Pain score on postoperative 
day 1, VAS, mean (SD)  

Huang et al. (2019) 
Randomised controlled trial, 113 
participants 

NSCLC, N2 disease, 
lobectomy or 
pneumonectomy 

5.9 (1.4) RATS; 7.0 (1.2) 
open, p<0.001 

NR 

Pain score on postoperative 
day 5, VAS, mean (SD)  

Huang et al. (2019) 
Randomised controlled trial, 113 
participants 

NSCLC, N2 disease, 
lobectomy or 
pneumonectomy 

3.7 (1.2) RATS; 4.8 (1.4) 
open, p<0.001 

NR 

NR: not reported; NSCLC: non-small cell lung cancer; OR: odds ratio; RATS: robot-assisted thoracic surgery; SD: standard deviation; VAS: visual analogue scale 
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Table 6. Survival/cancer recurrence outcomes: robot-assisted thoracic surgery compared to open thoracic surgery 

Outcome Evidence source(s) Study type, number of studies, 
number of participants 

Population, type of 
surgery 

Absolute effect Relative effect [95% CI] 
(interpretation) 

Survival 

3-year overall survival Huang et al. (2021) 
Randomised controlled trial, 148 
participants 

NSCLC, N2 disease, 
lobectomy or 
pneumonectomy 

84.6% RATS; 74.9% 
open, p=0.853 

NR 

Overall survival (range 3 
years to 5 years) 

Leitao et al. (2023) 
Systematic review, 8 retrospective 
observational studies, 17,327 
participants 

Lung cancer, 
lobectomy 

NR 
HR 0.93 [0.87 to 1.00] 
(favours RATS) 

Disease-free survival/disease recurrence 

3-year disease-free 
survival 

Huang et al. (2021) 
Randomised controlled trial, 148 
participants 

NSCLC, N2 disease, 
lobectomy or 
pneumonectomy 

57.5% RATS; 49.9% 
open, p=0.925 

NR 

Disease-free survival 
(range 3 years to 5 years) 

Leitao et al. (2023) 
Systematic review, 3 retrospective 
observational studies, 996 
participants 

Lung cancer, 
lobectomy 

NR 
HR 1.00 [0.83 to 1.22] 
(favours neither 
intervention) 

HR: hazard ratio; NR: not reported; NSCLC: non-small cell lung cancer; RATS: robot-assisted thoracic surgery 
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 Ongoing studies 

We identified four ongoing randomised controlled trials relevant to the scope of this appraisal. 
Their designs are summarised in table 7. All trials will compare RATS to VATS; four out of five 
study use in people having surgery for lung cancer, with a fifth studying surgery for myasthenia 
gravis. Three out of the four trials plan to measure long-term outcomes such as overall survival 
(minimum 3 years), but timescales for this data being available are either not known, or are 5 or 
more years in the future.  
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Table 7. Summary of ongoing randomised controlled trials of robot-assisted thoracic surgery: design and characteristics 

Study title/ID Design, population, setting Intervention Comparator Outcomes Completion date 

ChiCTR2000034737 RCT, non-inferiority 
 
NSCLC 
 
China, number of centres 
not known 

RATS 
 
Planned 
recruitment: 562 
participants 

VATS 
 
Planned 
recruitment: 562 
participants 

• 5-year DFS (primary outcome) 
• 5-year OS 
• Perioperative complication 
• Operative death rate 
• Length of hospital stay 
• Pain score 
• R0 resection rate 
• Number of mediastinal lymph node 

dissected 

Not reported 

ChiCTR2000033881 RCT 
 
Myasthenia gravis, grades 
MGFA class II-IV 
 
China, single centre 

RATS 
 
Planned 
recruitment: 33 
participants 

VATS 
 
Planned 
recruitment: 33 
participants 

• Degree of tumour resection 
• Postoperative pain score 
• Length of surgery 
• Postoperative length of stay 
• Postoperative complications 

Not reported 

ChiCTR2100051436 RCT, non-inferiority 
 
Any lung cancer surgery 
 
China, number of centres 
not known 

RATS 
 
Planned 
recruitment: 100 
participants 

VATS 
 
Planned 
recruitment: 100 
participants 

Co-primary outcomes: 
• 5-year OS 
• 5-year DFS 
• Cost 
 
Secondary outcomes 
• Operative time 
• Conversion rate 
• R0 resection rate 
• Perioperative complications 
• Operative death rate 
• Length of stay in hospital 
• Lymph node resection 
• Pain score 

Not reported 

NCT05270616 RCT 
 
Lobectomy, segmentectomy 
or sleeve lobectomy 
 

RATS VATS: separate 
uniport and 
multiport study 
arms 

• Mortality within 30 days of surgery 
• Conversion rate to open surgery 
• Postoperative complications 
• Operation time 
• Length of hospital stay 

Estimated 
Primary 
Completion Date: 
June 2023 

https://trialsearch.who.int/Trial2.aspx?TrialID=ChiCTR2000034737
https://trialsearch.who.int/Trial2.aspx?TrialID=ChiCTR2000033881
https://trialsearch.who.int/Trial2.aspx?TrialID=ChiCTR2100051436
https://clinicaltrials.gov/study/NCT05270616
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Study title/ID Design, population, setting Intervention Comparator Outcomes Completion date 

China, number of centres 
not known 
 
Planned recruitment: total 
800 participants, unclear 
what proportion will be 
assigned to each study arm. 

• Number of retrieved lymph 
nodes/lymph node stations 

• 3-year progression-free survival 
• 3- year OS 

Estimated Study 
Completion Date: 
June 2028 

DFS: disease-free survival; NSCLC: non-small cell lung cancer; OS: overall survival; RATS: robot-assisted thoracic surgery; RCT: randomised controlled trial; VATS: video-assisted 
thoracic surgery;  
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 Certainty of the evidence 

Treatment effect data included in this review is from two main types of source: results from 
individual randomised controlled trials, and pooled results from systematic reviews of 
(primarily) non-randomised trials of a range of designs. In general, randomised controlled trials 
are more likely to minimise bias in their results, which is more difficult to control in the types of 
studies included in the systematic reviews. The majority of studies were conducted 
retrospectively, on samples of patients who had already received their surgery; in such cases, 
use of propensity score matching aims to identify a set of patients in each treatment arm with 
similar characteristics, and include only these patients in the results. This can reduce bias in 
studies of this type. The systematic reviews included used a mixture of studies that either used 
propensity score matching, or used other methods to select patients. Because we have included 
multiple systematic reviews conducted within the same time period, with overlapping scopes, 
there is also overlap in the studies included in each systematic review, and this should be taken 
into account when interpreting the size and consistency of treatment effects, as the same study 
or studies may contribute to this across multiple reviews.  

One relative strength of outcome data from the systematic reviews is the number of patients 
included: for disease-free survival and overall survival: the number of patients included for each 
outcome/evidence source ranged from 572 to 23,469. By contrast, the largest randomised 
controlled trial included 320 participants, and the smallest 78 participants. Not all randomised 
controlled trials were sufficiently powered to detect differences between types of surgery, and 
two used a non-inferiority design. In terms of generalisability of the evidence, larger trials over 
longer periods, conducted in more ‘real world’ settings, are less likely to be susceptible to issues 
such as surgeon learning curve, and to report outcomes from procedures undertaken by more 
than one surgeon. 

Multiple robotic surgical systems are available, but all the randomised controlled trials we 
identified used various models of the Da Vinci system (see Appendix 4, Table A4.2 for details). The 
systematic reviews did not report the surgical systems used in the studies included in the review. 
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6. Cost effectiveness 

 Health economic literature review 

Appendix 3 (the PRISMA diagram) summarises the selection of articles for inclusion in the 
evidence review. The titles and abstracts of records identified in the search for this research 
question were screened and 16 records were deemed potentially relevant. The full texts of these 
studies were reviewed against the inclusion/exclusion criteria and six studies were excluded.  
Three studies were excluded because they were non-comparative, only considering the treatment 
costs associated with RATS (Kneuertz et al. 2019b, Le Gac et al. 2020, Verma et al. 2023). Two 
studies were excluded based on being systematic reviews which didn’t include evidence 
matching our search approach. One study was excluded because it was undertaken from the 
costing perspective of a non-OECD country. The remaining 10 studies were included in the 
evidence review.  

Two of the included studies presented a cost effectiveness analysis (Heiden et al. 2022, Patel et 
al. 2023). Both studies estimated the cost effectiveness of robotic assisted lobectomy compared 
in adults with non-small cell lung cancer. The studies were cost-utility analyses, in which 
effectiveness was expressed in quality adjusted life years (QALYs). The analyses were deemed 
only partially applicable to the UK NHS perspective as they considered healthcare systems in 
other countries and may also have included aspects which are more relevant to a societal 
perspective.  

Heiden et al. (2022) estimated the cost effectiveness of robotic assisted lobectomy compared 
with video assisted lobectomy and open surgery from a US healthcare and societal perspective. 
The results showed that open surgery was more costly and less effective than both robotic and 
video assisted lobectomy and was therefore dominated.  Robotic assisted lobectomy was found 
to be more effective than video assisted lobectomy (0.749 vs. 0.747) but also more costly ($20,648 
vs $20,253). The resulting incremental cost effectiveness ratio (ICER) of $180,755 per QALY 
(£162,205 in 2022 GBP) would not be considered cost effective using thresholds typically applied 
in US cost effectiveness analyses. In sensitivity analysis it was found that robotic assisted 
lobectomy becomes more cost effective with lower robotic costs, shorter lengths of stay, lower 
complications, lower mortality, lower conversion rates, higher surgical volume, and improved 
quality of life. Some potentially serious limitations were identified in the analysis including the 
time horizon and the approach to estimating uncertainty. The modelled time horizon of one year 
is likely to be too short to have captured all differences in cost and QALYs between the 
intervention and comparator. Uncertainty was not fully explored as probabilistic sensitivity 
analysis was not undertaken. 

Patel et al. (2023) estimated the cost effectiveness of robotic assisted lobectomy compared with 
video assisted lobectomy as part of an RCT. The RCT included treatment centres in Canada, the 
United States, and France. It is unclear whether the economic analysis intended to cover all of 
these countries or just focus on one as it is not clearly stated. Similarly, the perspective of the 
analysis is not clearly stated. However, it was noted that indirect non-medical costs were 
included which suggests that the perspective may be broader than a healthcare perspective. The 
results of the analysis showed that robotic assisted lobectomy was more effective than video 
assisted lobectomy (0.012 QALYs) but also more costly ($179). The resulting ICER of $14,926 per 
QALY (£10,374 in 2022 GBP, assuming original costs are US dollars at 2022 prices) was considered 
cost effective using the author’s threshold of $50,000 per QALY. No sensitivity analysis was 
conducted. 

Several potentially serious limitations were identified with the study. Most notably, there was a 
lack of detail on key methodological aspects of the economic analysis, which makes it difficult 
to interpret the findings. There was also a lack of clarity on the costs that were included in the 
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analysis, including uncertainty around whether the cost of robotic capital had been incorporated. 
Furthermore, the key effectiveness estimate in the analysis was an observed difference in quality 
of life at 12 months between patients treated with RAL and VATS. However, the RCT reported that 
this difference was not statistically significant. Finally, there was no exploration of uncertainty 
as no sensitivity analyses were conducted. 

The other eight studies included in the evidence review focused on costs only. All eight studies 
were deemed only partially applicable to the perspective of NHS Wales as they considered 
healthcare settings in other countries. Applicability was considered especially limited in seven 
US studies due to marked differences in the US and UK healthcare systems (Abbas et al. 2020, 
Bailey et al. 2019, Coyan et al. 2022, Imielski et al. 2020, Kneuertz et al. 2019a, Nguyen et al. 2020, 
Subramanian et al. 2019). The remaining study considered the healthcare system in Ireland and 
was therefore considered more applicable (Shanahan et al. 2022). 

The cost analysis considering the Irish healthcare system found that, on average, RATS was 
associated with higher capital, consumables, and staff costs but with lower post-operative costs. 
The estimated total procedure costs were higher with RATS (€13,321) than with VATS (€11,567) or 
open surgery (€12,582). While the analysis was considered to be more applicable to the UK setting 
than the other included studies, it should be noted that there were some potentially serious 
limitations. The analysis considered a short time horizon, which may not capture all differences 
between interventions. The analysis also made no adjustments for pre-operative clinical 
condition, and this may have influenced findings.  

The conclusions of the cost analyses varied in the seven US studies. RATS was found to be less 
costly than VATS in Kneuertz et al. (2019a), Imielski et al. (2020), Coyan et al. (2022) and Abbas et 
al. (2020), but more expensive than VATS in Subramanian et al. (2019), Bailey et al. (2019) and 
Nguyen et al. (2020). However, it should be noted that the cost of the robot was not included in 
all analyses which found RATS to be less costly. This approach is sometimes adopted on the 
ground that the cost of the robotic capital could be considered as a ‘sunk cost’. However, robotic 
capital costs are typically included in economic analyses to ensure that the full cost implications 
are considered not least because robotic capital will eventually need to be replaced (often 
estimated to have a useful lifespan of 7-10 years).  

One of the studies presented a further analysis that assessed the relationship between surgical 
volume and cost. Nguyen et al. (2020) initially found that RATS costs were higher than VATS 
across the cohort but, when assessing a subgroup of higher annual lobectomy volume hospitals, 
it found that costs were equalised. This suggests that the cost per robotic procedure may 
decrease as more surgeries are undertaken. 

In addition to the reduced applicability of the US costing studies, some potentially serious 
limitations were identified. Most of the studies were retrospective and there were notable 
differences between the characteristics of treatment groups in some studies. Thus, observed 
differences may reflect differences in the patients having each procedure rather than being 
because of the procedure itself. The studies all considered short-term differences in costs only.   

A summary of the included cost-utility analyses and Irish cost analysis is presented in table 8. A 
summary of the included US cost analyses is presented in Appendix 5.  
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Table 8. Summary of included health economic studies: 

Study details Study population and design  Data sources Results Quality assessment 

Author and year: 
Heiden et al. (2022) 
 
Country:  
United States of 
America 
 
Type of economic 
analysis:  
Cost-utility analysis  
 
Perspective:  
Healthcare and 
societal perspective. 
 
Currency: 
US dollars ($) 
 
Price year:  
2020 
 
Time horizon:  
One year 
 
Discounting:  
No discounting 
 
Potential conflict of 
interest:  
Not reported.  

Population:  
Patients with early-stage non-
small cell lung cancer (NSCLC) 
undergoing lobectomy. 
 
Intervention:  
Robot assisted lobectomy 
(RAL)  
 
Comparator  
Video-assisted thoracic 
surgery (VATS) and open 
surgery 
 
Study design:  
Decision tree analysis..  
 
The decision tree is used to 
determine conversion from 
RATS or VATS to open and 
complications and survival 
chances with each approach. 
 
The relative rates of each 
outcome were sourced from 
the literature.  

Source of baseline and effectiveness 
data:  
Length of stay and conversion rates 
with RATS and VATS were based on a 
meta-analysis, a STS General Thoracic 
Surgery Database study, and a 
propensity matched study of nearly 
6,000 patients. Complication rates with 
RAL and VATS were assumed to be 
equivalent.  
 
It was assumed that RAL had a shorter 
length of stay compared to VATS (4.25 
days compared to 5 days). The 
conversion rate was also assumed to be 
lower with RAL compared to VATS (9% 
versus 12.5%).  
 
Mortality rates were based on a 
published meta-analysis. Mortality with 
RAL was assumed to be equivalent to 
VATS. 
 
Complications and mortality following 
open lobectomy was also based on 
published studies. Outcomes with open 
surgery were worse compared to RATS 
and VATS (higher mortality and 
complication rates). 
 
Source of resource use and cost data:  
The cost of robotic surgery was based 
on the Intuitive da Vinci Surgical 
System robot. Capital investment and 
service contracts were estimated based 
on the expected lifespan of the 
equipment. It was assumed that there 

Base case results (healthcare 
perspective): 
Costs: 
RAL: $20,648 
VATS: $20,253 
Open: $23,293 
 
Effectiveness: 
RAL: 0.749 QALYs 
VATS: 0.747 QALYs 
Open: 0.692 QALYs 
 
ICER: 
Open surgery dominated. RAL 
more effective but more costly 
than VATs with an ICER of 
$180,755 per QALY.  
 
Base case results (societal 
perspective): 
Costs: 
RAL: $34,400 
VATS: $34,153 
Open: $40,873 
 
Effectiveness: 
RAL: 0.749 QALYs 
VATS: 0.747 QALYs 
Open: 0.692 QALYs 
 
ICER: 
Open surgery dominated. RAL 
more effective but more costly 
than VATs with an ICER of 
$113,389 per QALY. 
 
Sensitivity analysis:  

Applicability 
Partially applicable as it 
considered the US healthcare 
system. In addition, a societal 
perspective was adopted in some 
scenarios and this would not 
typically be considered in UK 
evaluations for interventions of 
this type.  
 
Limitations 
This study has potentially serious 
limitations. 
 
• Short modelled time horizon of 

one year. This is unlikely to be 
sufficient to capture all 
potential differences in costs 
and benefits. 

• Uncertainty was not fully 
explored as probabilistic 
sensitivity analysis was not 
conducted. 

• Fixed operative volume 
assumption, which may not 
apply to lower volume centres. 

• Lack of detail on how some of 
the key input values were 
derived, including length of 
stay and conversion rates with 
RAL and VATS 

• Some key quality of life values 
were based on assumptions, 
including the impact of 
surgical complications.  
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Study details Study population and design  Data sources Results Quality assessment 

would be three cases per day, five days 
per week, equivalent to roughly 750 
cases per year. Note that this 
theoretically includes any operation 
that could be undertaken using the 
robot rather than lobectomy alone. 
 
VATS capital investment, disposable 
instrument costs, and service contract 
costs were derived based on published 
literature. Authors state that they cross-
checked the values with data from their 
institution and the Centers for Medicare 
and Medicaid Services. Open surgery 
costs were derived in a similar manner.  
Costs for conversion included the cost 
of RAL or VATS equipment plus the cost 
of an open thoracotomy, which 
assumes an inability to recycle already 
opened minimally invasive 
instruments.  
 
Operating room costs were derived from 
previous studies. Length of stay in 
people with complications was 
assumed to be three days longer.  
 
In the analysis considering the societal 
perspective, time off work was 
estimated as six weeks for minimally 
invasive operations and nine weeks for 
an open procedure. Complications were 
assumed to result in an additional two 
weeks off work. Salary costs were 
estimated using values from the US 
Bureau of Labor Statistics. Caregiver 
time was estimated as four hours per 
day based on previous studies. 
 

 
Sensitivity analysis showed 
that RAL became cost effective 
with lower robotic costs, 
shorter lengths of stay, lower 
complications, lower mortality, 
lower conversion rates, higher 
hospital volume, and 
improved quality of life.  
 
Probabilistic sensitivity 
analysis was not conducted. 
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Study details Study population and design  Data sources Results Quality assessment 

Quality of life data:  
Quality of life values were sourced from 
published studies. The baseline value at 
one year was based on an estimate 
reported in a previous cost 
effectiveness analysis of first-line 
chemotherapy treatments in people 
with NSCLC. 
 
Differences in quality of life between 
open and VATS lobectomy were based 
on values reported in a RCT of people 
with early-stage lung cancer.  
  
Quality of life with RAL was assumed to 
be equivalent to quality of life with 
VATS. Surgical complications were 
assumed to have a disutility of 0.10 
lasting for two weeks. 

Author and year:  
Patel et al. (2023) 
 
Country:  
The trial included 
treatment centres in 
Canada, the United 
States, and France. 
 
The country 
considered in the 
accompanying 
economic analysis 
is not stated and 
unclear. 
 
Type of economic 
analysis:  
Cost-utility analysis  

Population:  
People with early-stage non–
small cell lung cancer (NSCLC) 
who are candidates for 
minimally invasive pulmonary 
lobectomy. 
The trial only included 
patients 18 years and above 
with clinical stage I, II, or IIIa 
NSCLC. Patients received 
neoadjuvant induction 
therapy when clinically 
indicated.  
 
Intervention:  
Robot assisted lobectomy 
(RAL)  
 
Comparator  

Source of baseline and effectiveness 
data:  
The evidence collected within the RCT 
was used as the primary source of 
effectiveness within the analysis. 
 
The analysis measured outcomes in 
patients treated with RAL and VATS over 
a 12-month period. This included the 
direct measurement of resource use, 
costs, and quality of life in patients 
treated with VATS and RAL (see relevant 
sections below).  
 
Source of resource use and cost data:  
Direct and indirect medical and 
nonmedical costs were reported to have 
been tracked using a standard 

Base case results: 
Incremental cost of RAL in 
comparison to VATS:  
$179 
 
Incremental effectiveness of 
RAL in comparison to VATS: 
0.0120 QALYs 
 
ICER: $14,926 per QALY 
RAL was considered cost 
effective as it provides an 
additional QALY at a cost of 
$14,926 per QALY. This was 
below the author’s chosen 
threshold of $50,000 to 
$100,00 per QALY. 
 

Applicability 
Partially applicable as it did not 
consider a UK NHS perspective. It is 
not clear what perspective was 
considered as it is not clearly 
reported. Based on costs being 
reported in dollars, it most likely 
reflects the US healthcare system.  
 
Furthermore, the analysis may not 
have adopted the healthcare 
perspective that we would typically 
use for an intervention of this type. 
It is possible that indirect costs 
associated with a societal 
perspective may have been 
incorporated.  
 
Limitations 
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Study details Study population and design  Data sources Results Quality assessment 

 
Perspective:  
Not stated and 
unclear.  
 
Direct and indirect 
medical and 
nonmedical costs 
were reported to be 
included. Therefore, 
the perspective may 
be broader than the 
typical healthcare 
perspective. 
 
Currency: 
Dollars ($) 
 
Presumed to be US 
dollars but this is 
not stated.  
 
Price year:  
Not reported 
 
Time horizon:  
One year 
 
Discounting:  
Not reported but not 
required given short 
time horizon. 
 
Potential conflict of 
interest:  
One of the authors 
was on the advisory 
board and speakers 

Video-assisted thoracic 
surgery (VATS). 
 
Study design:  
Randomised controlled trial 
(RCT) with accompanying 
cost-utility analysis.  
 
Quality of life values reported 
in the RCT were combined 
with cost estimates to 
generate the cost per QALY 
result. 

microcosting methodological approach 
that was published and validated. 
 
It is unclear what costs were included 
within these categorisations as limited 
details were provided. In particular, it is 
not known whether the indirect non-
medical costs would include aspects 
which go beyond a healthcare 
perspective. For example, it may include 
lost earnings as an indirect cost as is 
commonly done when considering a 
societal perspective. 
 
The unit costs applied within the 
microcosting approach are not 
reported. It is also not clear whether 
they would be applicable to all countries 
considered in the RCT.  
 
Quality of life data:  
Quality of life values were elicited for as 
part of the RCT using the EQ-5D-5L 
questionnaire. Values were reported for 
patients in each treatment group (RAL 
and VATS) at various time points. 
 
The primary outcome of the trial was 
the EQ-5D-5L values reported at 12 
weeks. This time point was chosen as 
recovery should be completed and any 
subsequent adverse events were 
unlikely to be related to surgery. 
 
Quality of life values were also reported 
at 3 weeks, 7 weeks, 6 months and 12 
months. The economic analysis used 
the value at 12 months to enable QALYs 
to be generated. 

Note that absolute cost and 
QALY values for each treatment 
strategy were not presented.  
 
Sensitivity analysis:  
No sensitivity analyses were 
conducted.  
 
However, 95% Cis were 
presented for incremental 
values based on 10,000 
bootstrap samples. The ICER 
was found to have a lower and 
upper 95% CI of $6,844 and 
$23,008 per QALY, respectively.  
 
However, the interpretation of 
these values is unclear as the 
CI around the incremental 
QALY estimate shows that RAL 
was less effective than VATS at 
the lower CI. Therefore, it is 
possible that the lower CI may 
represent a scenario in which 
RAL was found to be more 
costly and less effective than 
VATS and therefore dominated.  

This study has potentially serious 
limitations. 
 
• Lack of detail on key 

methodological aspects of the 
economic analysis, which 
makes it difficult to interpret 
the findings. 

• Lack of clarity on the costs that 
were included in the economic 
analysis. This includes the 
uncertainty around the 
perspective and inclusion of 
indirect costs. However, it is 
also unclear whether the cost 
of robotic capital has been 
included in the analysis. 

• Economic analysis is based on 
observed differences in quality 
of life at 12 months between 
patients treated with RAL and 
VATS. However, the RCT reports 
that this difference was not 
statistically significant.   

• Uncertainty was not explored 
as no sensitivity analysis was 
conducted. 

• Short modelled time horizon of 
one year. This is unlikely to be 
sufficient to capture all 
potential differences in costs 
and benefits. 
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Study details Study population and design  Data sources Results Quality assessment 

bureau for Astra 
Zeneca, data safety 
monitoring 
committee for 
Roche/Genentech, 
speakers bureau for 
Minogue Medical, 
and received grant 
funding from 
Intuitive Surgical.  
 
The remaining 
authors report no 
conflicts of interest. 

Author and year: 
Shanahan et al. 
(2022) 
 
Country:  
Ireland 
 
Type of economic 
analysis:  
Micro-costing 
analysis  
 
Perspective:  
Irish hospital payer 
perspective 
 
Currency: 
Euro (€) 
 
Price year:  
2020 
 
Time horizon:  

Population:  
Patients undergoing 
lobectomy for lung cancer. 
 
Intervention:  
RATS  
 
Comparator:  
VATS and open surgery  
 
Study design:  
Micro-costing comparison 
analysis. 

Source of baseline and effectiveness 
data:  
The systematic literature review 
included evidence on the relative levels 
across the three surgical approaches, 
this included: duration or surgery, 
conversion to open surgery rates, 
recovery bed days, complication rates 
return to theatre rates and 
readmissions.  
 
Surgery consumables included were 
informed by expert opinion as was the 
surgical preparation, knife to skin times 
and post operative times.  
 
Source of resource use and cost data:  
Costs were applied at according to 
activity levels, with staff time being 
offered by the department of health 
consolidated salary scales document.  
 
Consumable equipment was reported 
on a unit cost basis, these were sourced 

Base case results:  
The relative clinical rates 
across the three approaches 
found that RATS had the lower 
conversion rate (0.081) to open 
compared to VATS(0.126), fewer 
ward bed days (4.8) than VATS 
(5.1) or Open (6.2) and lower 
levels of minor and major 
complications, return to 
theatre and readmission 
compared to both VATS and 
open.  
 
Costs: 
Total procedure costs for RATS 
were reported as €13,321, VATS 
€11,567 and open as €12,582. 
RATS was associated with 
higher staff costs and 
consumables and lower 
average post-operative costs. 
RATS had the highest per 
procedure capital cost. 

Applicability 
Partially applicable to the UK NHS 
perspective. 
 
Limitations 
This study has some potentially 
serious limitations. 
• Sources of information are not 

clearly described for all inputs. 
Some inputs are described as 
being based on a literature 
review, but no details or 
references are provided for the 
selected studies.  

• Not all inputs are evidence 
based. Some inputs are based 
on assumptions or expert 
opinion rather than evidence. 

• The preoperative clinical 
condition of patients 
undergoing each procedure 
was not taken into account in 
the analysis.  There may be 
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Study details Study population and design  Data sources Results Quality assessment 

30 days following 
lobectomy. 
 
Discounting:  
5% capital discount 
rate 
 
Potential conflict of 
interest:  
One of the authors is 
an employee of 
Intuitive Surgical. 

from the literature and hospital 
reported costs. Blood transfusion costs 
were based on a unit cost approach 
supported by relative rates offered from 
the systematic literature review.  
 
Capital costs were offered by Irish 
hospital Supply Ltd. Capital usage levels 
were assumed at 5 days a week for 45 
weeks a year.  

differences in comorbidities 
with each surgical approach. 

• The analysis considered a 
short time horizon, which may 
not capture all differences 
between strategies. 

Abbreviations 
EQ-5D: EuroQol five-dimensions questionnaire; ICER: incremental cost-effectiveness ratio; NA: not applicable; NR: not reported; QALY: quality-adjusted life year; RCT: randomised 
controlled trial; RR: risk ratio 
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 HTW economic analysis 

Evidence from the economic studies identified in the literature review is inconclusive and 
therefore the cost effectiveness of RATS remains uncertain. HTW developed an economic analysis 
in an attempt to address this uncertainty. See Appendix 6 for full details of the economic analysis 
developed by HTW. 

Previous economic studies have generally found that RATS has higher capital and consumables 
costs in comparison to VATS but that this may be offset by reductions in length of stay, 
complications and other postoperative costs. There is variation in whether RATS is found to be 
more less costly than VATS in net terms. Given this uncertainty, it is likely that a cost-utility 
analysis would be required to fully assess cost effectiveness as the possibility of RATS being 
more costly in net terms cannot be ruled out.  

However, such an analysis requires evidence to inform the estimation of quality adjusted life 
years (QALYs), which take survival and quality of life into account. This presents a challenge as 
the clinical evidence to inform such an analysis is limited. In particular, there is a lack of RCT 
evidence demonstrating statistically significant differences in long-term outcomes, such as 
survival and disease recurrence. However, the literature review for this EAR identified evidence 
from a systematic review of observational studies which suggested that, in comparison to VATS, 
RATS may improve disease free survival at five years in people with lung cancer (Zhang et al. 
2022). Therefore, a de novo cost-utility analysis was developed to estimate the cost-effectiveness 
of RATS in comparison to VATS in people with lung cancer using evidence from Zhang et al. (2022). 

The approach used to capture short-term costs associated with RATS and VATS was based 
primarily on the micro-costing analysis by Shanahan et al. (2022) with costs adjusted to reflect 
the perspective of the UK NHS and PSS. Disease progression over time was estimated using a 
partitioned survival analysis informed by estimates of overall survival and disease free survival 
from Zhang et al. (2022). Longer term costs and quality of life values were based on previous NICE 
Technology Assessments (NICE TAs) covering treatments for lung cancer (NICE 2020, NICE 2023).  

The analysis considered the perspective of the UK NHS and personal social services (PSS). A five-
year horizon was considered with a cycle length of one year. Future costs and benefits were 
discounted at a rate of 3.5% per year.  

The base case results of the analysis are shown in Table 9. RATS was found to be more effective 
(0.02 QALYs) but more costly than VATS (£816). The resulting ICER of £38,509 per QALY was higher 
than a threshold of £20,000 per QALY indicating that RATS was not cost effective. 

The impact of removing capital costs was explored in an alternative scenario, reflecting that 
these are sometimes considered to be sunk costs. This resulted in a much smaller incremental 
costs than in the base case analysis (£394 vs £816). The resulting ICER of £18,597 per QALY 
indicates that RATS was cost effective in this scenario. 

In sensitivity analysis, the conclusion of the analysis was found to be sensitive to variations in 
many of the model inputs. Most notably, RATS became cost effective when alternative values were 
applied for postoperative complications, health state utilities and costs. RATS was also found to 
be cost effective in a scenario in which the modelled time horizon was extended to 10 years. 
However, there is considerable uncertainty around the extrapolation of survival outcomes 
beyond the period covered within the studies (five years).  
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Table 9. Base case results 

Treatment strategy 
Cost QALYs ICER (cost per 

QALY) Total Incremental Total Incremental 

VATS £25,099 - 3.17 -   

RATS £25,915 £816 3.19 0.02 £38,509 

ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life-year; RATS: robotic assisted thoracic surgery; 
VATS: video-assisted thoracoscopic surgery 

 

7. Organisational considerations 

At the time of our original evidence appraisal report (2019), there was a single Da Vinci Xi system 
available in Wales, at University Hospital Wales, Cardiff. In 2022, Welsh Government launched a 
National robotic assisted surgery programme. This is a pan-Wales initiative which aims to 
expand access to robotic surgery across a number of specialties (colorectal, upper 
gastrointestinal, urological and gynaecological cancers) with robotic surgery provided at four 
sites across Wales. At the time of writing, thoracic surgery is not offered as part of this 
programme.  

According to manufacturers consulted as part of an earlier evidence review (EUnetHTA 2019), the 
personnel required for robot-assisted surgery is the same as for an open or VATS intervention. 
However, additional training and learning is required to operate all robotic systems. Extensive, 
highly specialized training and an adequate volume of cases are required for surgeons and their 
surgical teams to maintain proficiency. The surgical team requires training to learn how to set-
up the system and how to make any necessary adjustments during a procedure. Studies 
evaluating the learning curve with RATS have identified longer surgical times, increased blood 
loss, and increased frequency of conversion to open surgery as possible factors associated with 
relative inexperience (Arnold et al. 2019, Gallagher et al. 2018). Estimates of the number of cases 
undertaken to complete learning curve vary considerably. A systematic review (Power et al. 2019) 
concluded that learning curve is 15-20 cases for thymectomy and can range from 15 to 60 cases 
for anatomic lung resection. A second systematic review of robotic lobectomy (Wilson-Smith et 
al. 2023) reported a mean learning curve of 25 cases for this procedure. It should also be noted 
that training requirements (in terms of time and resource required, and learning curve) will differ 
between robotic surgical systems, and training acquired on one robotic surgical system may not 
be transferable to another. 

Other issues associated with robot-assisted surgery are the need for additional pre- and 
postoperative procedures related to preparing, cleaning, and maintaining the system and 
proprietary instrumentation. TransEnterix has stated that switching the reusable surgical 
instruments for its Senhance system is a quick and simple process. 

One postulated advantage of robotic surgery is the potential reduction in short- and long-term 
fatigue experienced by surgeons. Traditional surgery often involves surgeons standing in poor 
ergonomic positions for long periods of time, increasing mental and visual fatigue in the short 
term and potentially causing musculoskeletal problems in the long term. Robotic surgery, which 
involves more time with the surgeon seated at the robotic console, has the potential to alleviate 
these issues (Zhou et al. 2018), but a full assessment of these advantages is beyond the scope of 
this review. 

The robotic systems typically consist of a surgeon's console and a patient-side cart with three to 
four interactive robotic arms controlled from the console. The arms are for tools that hold objects 
and can also act as scalpels, scissors, or graspers. The surgeon uses the console's master 
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controls to manoeuvre the patient-side cart's robotic arms. The robotic surgical system is large 
and although it may fit in most operating room suites, renovation or new construction of 
operating rooms may be needed in some cases (EUnetHTA 2019). 

 

8. Patient, carer and family considerations 

A patient experience literature review was undertaken, based on a dedicated search which aimed 
to identify and summarise any reports of experiences, perspectives and opinions of patients. The 
search did not find any relevant studies of this nature with regards to RATS and no specific 
patient issues/perspectives were identified in the course of searching for effectiveness and 
health economic evidence. Quantitative patient outcomes are described in the effectiveness 
review. 

 

  



Page 36 of 67 
 

EAR011-2 October 2023 

 

9. Contributors 

This topic was originally proposed by M Kornaszewska, Consultant Thoracic Surgeon, Cardiff and 
Vale University Health Board. Reassessment of the topic was proposed by Sian Harrop-Griffiths, 
Director of Strategy, South Wales Adult Thoracic Surgical Services, Swansea Bay University 
Health Board. 

The HTW staff and contract researchers involved in writing this report were: 

• J Washington – Information Specialist – literature searches & information management 
• D Jarrom – Health Services Researcher – effectiveness author 
• N Bromham – Senior Health Services Researcher – effectiveness quality assurance 
• T Winfield – Senior Health Economist – health economics author 
• M Prettyjohns – Principal Researcher – health economics quality assurance 
• G Davies – Patient and Public Involvement Officer – PPI literature review 
• A Evans - Patient and Public Involvement Manager – PPI lead 
• K McDermott – Project Manager – project management 

The HTW Assessment Group advised on methodology throughout the scoping and development 
of the report.  

A range of subject experts from the UK provided material and commented on a draft of this report. 
Their views were documented and have been actioned accordingly. All contributions from 
reviewers were considered by HTW’s Assessment Group. However, reviewers had no role in 
authorship or editorial control, and the views expressed are those of Health Technology Wales. 

Experts who contributed to this appraisal:  

• L Ashrafian, Consultant Thoracic Surgeon, Guy’s and St Thomas’ NHS Foundation Trust; 
SCTS Thoracic Sub-Committee Robotic co-lead 

• J Dunnett, Head of Global Access, Value & Economics – Europe, Intuitive Surgical 
• I Goldsmith, Consultant Thoracic Surgeon, Swansea Bay University Health Board  
• J Morgan, National Robotic Assisted Surgery Programme Manager 
• S A Stamenkovic, Consultant Thoracic Surgeon, Director of Robotic Surgery, Barts Health 

NHS Trust 

 

  



Page 37 of 67 
 

EAR011-2 October 2023 

 

10. References 

Abbas A, Bakhos C, Petrov R, et al. (2020). Financial impact of adapting robotics to a thoracic 
practice in an academic institution. Journal of Thoracic Disease. 12(2): 89-96. doi: 
https://doi.org/10.21037/jtd.2019.12.140 

Arnold BN, Thomas DC, Bhatnagar V, et al. (2019). Defining the learning curve in robot-assisted 
thoracoscopic lobectomy. Surgery. 165(2): 450-4. doi: https://dx.doi.org/10.1016/j.surg.2018.06.011 

Bailey KL, Merchant N, Seo YJ, et al. (2019). Short-term readmissions after open, thoracoscopic, 
and robotic lobectomy for lung cancer based on the Nationwide Readmissions Database. World 
Journal of Surgery. 43(5): 1377-84. doi: https://doi.org/10.1007/s00268-018-04900-0 

Cancer Research UK. (2021). Lung cancer incidence statistics. Available at: 
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-
type/lung-cancer/incidence#heading-Zero [Accessed 22 Feb 2023]. 

Coyan GN, Lu M, Ruppert KM, et al. (2022). Activity-based cost analysis of robotic anatomic lung 
resection during program implementation. Annals of Thoracic Surgery. 113(1): 244-9. doi: 
https://doi.org/10.1016/j.athoracsur.2021.01.053 

Curtis L, Burns A. (2020). Unit costs of health and social care 2020. Personal Social Services 
Research Unit, University of Kent, Canterbury. Available at: https://www.pssru.ac.uk/project-
pages/unit-costs/unit-costs-2020/ [Accessed 25 Oct 2023]. 

Detterbeck FC, Stratton K, Giroux D, et al. (2014). The IASLC/ITMIG Thymic Epithelial Tumors 
Staging Project: proposal for an evidence-based stage classification system for the 
forthcoming (8th) edition of the TNM classification of malignant tumors. Journal of Thoracic 
Oncology. 9(9, Supplement 2): S65-72. doi: https://dx.doi.org/10.1097/jto.0000000000000290 

EUnetHTA. (2019). Robot-assisted surgery in thoracic and visceral indications. Rapid relative 
effectiveness assessment OTCA14. European Network for Health Technology Assessment. 
Available at: https://www.eunethta.eu/otca14-robot-assisted-surgery-for-thoracic-and-visceral-
surgery-final-assessment-now-available/ [Accessed 22 Feb 2023]. 

Gallagher SP, Abolhoda A, Kirkpatrick VE, et al. (2018). Learning curve of robotic lobectomy for 
early-stage non-small cell lung cancer by a thoracic surgeon adept in open lobectomy. 
Innovations. 13(5): 321-7. doi: https://dx.doi.org/10.1097/IMI.0000000000000552 

Getting It Right First Time. (2018). Cardiothoracic surgery. GIRFT Programme National Specialty 
Report. NHS England. Available at: https://gettingitrightfirsttime.co.uk/wp-
content/uploads/2018/07/CardiothoracicReportMar18-F.pdf [Accessed 22 Feb 2023]. 

Girard N, Ruffini E, Marx A, et al. (2015). Thymic epithelial tumours: ESMO Clinical Practice 
Guidelines for diagnosis, treatment and follow-up. Annals of Oncology. 26(Supplement 5): v40-
55. doi: https://dx.doi.org/10.1093/annonc/mdv277 

Heiden BT, Mitchell JD, Rome E, et al. (2022). Cost-effectiveness analysis of robotic-assisted 
lobectomy for non-small cell lung cancer. Annals of Thoracic Surgery. 114(1): 265-72. doi: 
https://doi.org/10.1016/j.athoracsur.2021.06.090 

Hennon MW, DeGraaff LH, Groman A, et al. (2020). The association of nodal upstaging with 
surgical approach and its impact on long-term survival after resection of non-small-cell lung 
cancer. European Journal of Cardio-Thoracic Surgery. 57(5): 888-95. doi: 
https://doi.org/10.1093/ejcts/ezz320 

https://doi.org/10.21037/jtd.2019.12.140
https://dx.doi.org/10.1016/j.surg.2018.06.011
https://doi.org/10.1007/s00268-018-04900-0
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/lung-cancer/incidence#heading-Zero
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/lung-cancer/incidence#heading-Zero
https://doi.org/10.1016/j.athoracsur.2021.01.053
https://www.pssru.ac.uk/project-pages/unit-costs/unit-costs-2020/
https://www.pssru.ac.uk/project-pages/unit-costs/unit-costs-2020/
https://dx.doi.org/10.1097/jto.0000000000000290
https://www.eunethta.eu/otca14-robot-assisted-surgery-for-thoracic-and-visceral-surgery-final-assessment-now-available/
https://www.eunethta.eu/otca14-robot-assisted-surgery-for-thoracic-and-visceral-surgery-final-assessment-now-available/
https://dx.doi.org/10.1097/IMI.0000000000000552
https://gettingitrightfirsttime.co.uk/wp-content/uploads/2018/07/CardiothoracicReportMar18-F.pdf
https://gettingitrightfirsttime.co.uk/wp-content/uploads/2018/07/CardiothoracicReportMar18-F.pdf
https://dx.doi.org/10.1093/annonc/mdv277
https://doi.org/10.1016/j.athoracsur.2021.06.090
https://doi.org/10.1093/ejcts/ezz320


Page 38 of 67 
 

EAR011-2 October 2023 

 

Huang J, Li C, Li H, et al. (2019). Robot-assisted thoracoscopic surgery versus thoracotomy for c-
N2 stage NSCLC: short-term outcomes of a randomized trial. Translational Lung Cancer 
Research. 8(6): 951-8. doi: https://doi.org/10.21037/tlcr.2019.11.31 

Huang J, Tian Y, Li C, et al. (2021). Robotic-assisted thoracic surgery reduces perioperative 
complications and achieves a similar long-term survival profile as posterolateral thoracotomy 
in clinical N2 stage non-small cell lung cancer patients: a multicenter, randomized, controlled 
trial. Translational Lung Cancer Research. 10(11): 4281-92. doi: https://doi.org/10.21037/tlcr-21-
898 

Imielski B, Kurihara C, Manerikar A, et al. (2020). Comparative effectiveness and cost-efficiency 
of surgical approaches for thymectomy. Surgery. 168(4): 737-42. doi: 
https://doi.org/10.1016/j.surg.2020.04.037 

Jin R, Zhang Z, Zheng Y, et al. (2023). Health-related quality of life following robotic-assisted or 
video-assisted lobectomy in patients with non-small cell lung cancer: results from the RVlob 
randomized clinical trial. Chest. 163(6): 1576-88. doi: https://doi.org/10.1016/j.chest.2022.12.037 

Jin R, Zheng Y, Yuan Y, et al. (2022). Robotic-assisted versus video-assisted thoracoscopic 
lobectomy: short-term results of a randomized clinical trial (RVlob trial). Annals of Surgery. 
275(2): 295-302. doi: https://doi.org/10.1097/SLA.0000000000004922 

Joint Formulary Committee. (2021). British National Formulary (online). London: BMJ Group and 
Pharmaceutical Press. Available at: https://www.medicinescomplete.com/ [Accessed 25 Oct 
2023]. 

Kneuertz PJ, Singer E, D'Souza DM, et al. (2019a). Hospital cost and clinical effectiveness of 
robotic-assisted versus video-assisted thoracoscopic and open lobectomy: a propensity score–
weighted comparison. Journal of Thoracic and Cardiovascular Surgery. 157(5): 2018-26.e2. doi: 
https://doi.org/10.1016/j.jtcvs.2018.12.101 

Kneuertz PJ, Singer E, D'Souza DM, et al. (2019b). Postoperative complications decrease the cost-
effectiveness of robotic-assisted lobectomy. Surgery. 165(2): 455-60. doi: 
https://doi.org/10.1016/j.surg.2018.08.024 

Le Gac C, Gondé H, Gillibert A, et al. (2020). Medico-economic impact of robot-assisted lung 
segmentectomy: what is the cost of the learning curve? Interactive Cardiovascular and Thoracic 
Surgery. 30(2): 255-62. doi: https://doi.org/10.1093/icvts/ivz246 

Leitao MM, Jr., Kreaden US, Laudone V, et al. (2023). The RECOURSE study: long-term oncologic 
outcomes associated with robotically assisted minimally invasive procedures for endometrial, 
cervical, colorectal, lung, or prostate cancer: a systematic review and meta-analysis. Annals of 
Surgery. 277(3): 387-96. doi: https://doi.org/10.1097/SLA.0000000000005698 

Nguyen DM, Sarkaria IS, Song C, et al. (2020). Clinical and economic comparative effectiveness 
of robotic-assisted, video-assisted thoracoscopic, and open lobectomy. Journal of Thoracic 
Disease. 12(3): 296-306. doi: https://doi.org/10.21037/jtd.2020.01.40 

NHS England Specialised Commisioning. (2016). Robotic assisted lung resection for primary 
lung cancer. Clinical Commissioning Policy 16024/P. NHS England. Available at: 
https://www.england.nhs.uk/wp-content/uploads/2018/07/Robotic-assisted-lung-resection-
for-primary-lung-cancer.pdf [Accessed 22 Feb 2023]. 

NICE. (2020). Osimertinib for untreated EGFR mutation-positive non-small-cell lung cancer. 
Technology appraisal guidance TA654. National Institute for Health and Care Excellence. 
Available at: https://www.nice.org.uk/guidance/TA654 [Accessed 20 Dec 2023]. 

https://doi.org/10.21037/tlcr.2019.11.31
https://doi.org/10.21037/tlcr-21-898
https://doi.org/10.21037/tlcr-21-898
https://doi.org/10.1016/j.surg.2020.04.037
https://doi.org/10.1016/j.chest.2022.12.037
https://doi.org/10.1097/SLA.0000000000004922
https://www.medicinescomplete.com/
https://doi.org/10.1016/j.jtcvs.2018.12.101
https://doi.org/10.1016/j.surg.2018.08.024
https://doi.org/10.1093/icvts/ivz246
https://doi.org/10.1097/SLA.0000000000005698
https://doi.org/10.21037/jtd.2020.01.40
https://www.england.nhs.uk/wp-content/uploads/2018/07/Robotic-assisted-lung-resection-for-primary-lung-cancer.pdf
https://www.england.nhs.uk/wp-content/uploads/2018/07/Robotic-assisted-lung-resection-for-primary-lung-cancer.pdf
https://www.nice.org.uk/guidance/TA654


Page 39 of 67 
 

EAR011-2 October 2023 

 

NICE. (2022). Lung cancer: diagnosis and management. [Original publication date: 28 Mar 2019; 
Last updated: 22 Sept 2022]. NICE guideline NG122. National Institute for Health and Care 
Excellence. Available at: https://www.nice.org.uk/guidance/NG122 [Accessed 23 Feb 2023]. 

NICE. (2023). Selpercatinib for untreated RET fusion-positive advanced non-small-cell lung 
cancer. Technology appraisal guidance TA911. National Institute for Health and Care Excellence. 
Available at: https://www.nice.org.uk/guidance/ta911 [Accessed 20 Dec 2023]. 

O'Sullivan KE, Kreaden US, Hebert AE, et al. (2019a). A systematic review and meta-analysis of 
robotic versus open and video-assisted thoracoscopic surgery approaches for lobectomy. 
Interactive Cardiovascular and Thoracic Surgery. 28(4): 526-34. doi: 
https://dx.doi.org/10.1093/icvts/ivy315 

O'Sullivan KE, Kreaden US, Hebert AE, et al. (2019b). A systematic review of robotic versus open 
and video assisted thoracoscopic surgery (VATS) approaches for thymectomy. Annals of 
Cardiothoracic Surgery. 8(2): 174-93. doi: https://dx.doi.org/10.21037/acs.2019.02.04 

Patel YS, Baste JM, Shargall Y, et al. (2023). Robotic lobectomy is cost-effective and provides 
comparable health utility scores to video-assisted lobectomy: early results of the RAVAL trial. 
Annals of Surgery. 278(6): 841-9. doi: https://doi.org/10.1097/sla.0000000000006073 

Power AD, D'Souza DM, Moffatt-Bruce SD, et al. (2019). Defining the learning curve of robotic 
thoracic surgery: what does it take? Surgical Endoscopy. 33(12): 3880-8. doi: 
https://dx.doi.org/10.1007/s00464-019-07035-y 

Royal College of Physicians. (2022). National Lung Cancer Audit annual report 2022. Available at: 
https://www.rcplondon.ac.uk/projects/outputs/nlca-annual-report-2022 [Accessed 22 Feb 
2023]. 

Shanahan B, Kreaden US, Sorensen J, et al. (2022). Is robotic lobectomy cheaper? A micro-cost 
analysis. Journal of Robotic Surgery. 16(6): 1441-50. doi: https://doi.org/10.1007/s11701-022-01377-
x 

Subramanian MP, Liu J, Chapman WC, Jr., et al. (2019). Utilization trends, outcomes, and cost in 
minimally invasive lobectomy. Annals of Thoracic Surgery. 108(6): 1648-55. doi: 
https://doi.org/10.1016/j.athoracsur.2019.06.049 

Terra RM, de Araujo PHXN, Lauricella LL, et al. (2022). A Brazilian randomized study: robotic-
assisted vs. video-assisted lung lobectomy outcomes (BRAVO trial). Jornal Brasileiro de 
Pneumologia. 48(4): e20210464. doi: https://doi.org/10.36416/1806-3756/e20210464 

The Society for Cardiothoracic Surgery in Great Britain & Ireland. (2018). Third national thoracic 
surgery activity & outcomes report. Thoracic Blue Book. Available at: 
https://scts.org/professionals/reports/resources/default.aspx [Accessed 22 Feb 2023]. 

Verma A, Hadaya J, Richardson S, et al. (2023). The presence of cost-volume relationship in 
robotic-assisted thoracoscopic lung resections. Annals of Surgery. 278(2): e377-81. doi: 
https://doi.org/10.1097/SLA.0000000000005699 

Veronesi G, Abbas AE, Muriana P, et al. (2021). Perioperative outcome of robotic approach versus 
manual videothoracoscopic major resection in patients affected by early lung cancer: results of 
a randomized multicentric study (ROMAN study). Frontiers in Oncology. 11: 726408. doi: 
https://doi.org/10.3389/fonc.2021.726408 

Wilson-Smith AR, Anning N, Muston B, et al. (2023). The learning curve of the robotic-assisted 
lobectomy: a systematic review and meta-analysis. Annals of Cardiothoracic Surgery. 12(1): 1-8. 
doi: https://doi.org/10.21037/acs-2022-urats-14 

https://www.nice.org.uk/guidance/NG122
https://www.nice.org.uk/guidance/ta911
https://dx.doi.org/10.1093/icvts/ivy315
https://dx.doi.org/10.21037/acs.2019.02.04
https://doi.org/10.1097/sla.0000000000006073
https://dx.doi.org/10.1007/s00464-019-07035-y
https://www.rcplondon.ac.uk/projects/outputs/nlca-annual-report-2022
https://doi.org/10.1007/s11701-022-01377-x
https://doi.org/10.1007/s11701-022-01377-x
https://doi.org/10.1016/j.athoracsur.2019.06.049
https://doi.org/10.36416/1806-3756/e20210464
https://scts.org/professionals/reports/resources/default.aspx
https://doi.org/10.1097/SLA.0000000000005699
https://doi.org/10.3389/fonc.2021.726408
https://doi.org/10.21037/acs-2022-urats-14


Page 40 of 67 
 

EAR011-2 October 2023 

 

Wu WJ, Zhang FY, Xiao Q, et al. (2021). Does robotic-assisted thymectomy have advantages over 
video-assisted thymectomy in short-term outcomes? A systematic view and meta-analysis. 
Interactive Cardiovascular and Thoracic Surgery. 33(3): 385-94. doi: 
https://dx.doi.org/10.1093/icvts/ivab109 

Yang HX, Woo KM, Sima CS, et al. (2017). Long-term survival based on the surgical approach to 
lobectomy for clinical stage I nonsmall cell lung cancer: comparison of robotic, video-assisted 
thoracic surgery, and thoracotomy lobectomy. Annals of Surgery. 265(2): 431-7. doi: 
https://doi.org/10.1097/sla.0000000000001708 

Zhang J, Feng Q, Huang Y, et al. (2022). Updated evaluation of robotic- and video-assisted 
thoracoscopic lobectomy or segmentectomy for lung cancer: a systematic review and meta-
analysis. Frontiers in Oncology. 12: 853530. doi: https://doi.org/10.3389/fonc.2022.853530 

Zhou Q, Huang J, Pan F, et al. (2020). Operative outcomes and long-term survival of robotic-
assisted segmentectomy for stage IA lung cancer compared with video-assisted thoracoscopic 
segmentectomy. Translational Lung Cancer Research. 9(2): 306-15. doi: 
https://doi.org/10.21037/tlcr-20-533 

Zhou ZY, Zhang C, He ZH, et al. (2018). EFP19 The physical and mental conditions of chief 
surgeons in robotic-assisted surgery: a pilot study. Surgical Practice. 22(Supplement 1): 18. doi: 
https://doi.org/10.1111/1744-1633.12333 

  

https://dx.doi.org/10.1093/icvts/ivab109
https://doi.org/10.1097/sla.0000000000001708
https://doi.org/10.3389/fonc.2022.853530
https://doi.org/10.21037/tlcr-20-533
https://doi.org/10.1111/1744-1633.12333


Page 41 of 67 
 

EAR011-2 October 2023 

 

11. Evidence review methods 

We searched for evidence that could be used to answer the review question: what is the clinical 
and cost effectiveness of RATS compared to VATS or to open surgery? 

The criteria used to select evidence for the appraisal are outlined in Appendix 1. These criteria 
were developed as part of our original Evidence Appraisal Report published in 2019. Before 
commencing the latest version of this review in 2022/23, the selection criteria were refined 
based on comments from the Health Technology Wales (HTW) Assessment Group and UK experts. 
We followed the approach outlined in the ‘Study Design’ section, and prioritised evidence from 
randomised controlled trials where this was available. For outcomes that were not reported by 
randomised controlled trials, or where they only reported short-term follow up, and longer term 
follow up was deemed relevant to decision making, we reported evidence from relevant 
systematic reviews.  

The systematic search followed HTW’s standard rapid review methodology. A search was 
undertaken of Medline, Embase, CINAHL, KSR Evidence, Cochrane Library, Scopus, the 
International Network of Agencies for Health Technology Assessment (INAHTA) HTA database, and 
Epistemonikos. Additionally, searches were conducted of key websites and clinical trials 
registries. The searches were conducted between 7-15 December 2022. An update search of 
Medline, Embase, CINAHL, KSR Evidence, Cochrane Library, and INAHTA HTA database was 
conducted on 8 August 2023. Appendix 2 gives details of the search strategy used for Medline. 
Search strategies for other databases are available on request. Because this was an update to 
our original evidence review, and this covered all relevant evidence up to July 2019, we limited 
searches to evidence published after this date. 

An additional search for patient-related literature was run between 25-31 January 2023. The 
search strategies are available on request. 

Appendix 3 summarises the selection of articles for inclusion in the review. 
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Appendix 1. Inclusion and exclusion criteria for evidence included in the review 

 Inclusion criteria Exclusion criteria 

Population 
People in whom thoracic surgery is indicated (lobectomy; lung 
segmentectomy/wedge resection; mediastinal mass/lesion excision) 

 

Intervention Robotic or robot-assisted thoracic surgery  

Comparison/ Comparators 
Video-assisted thoracoscopic surgery 
Open surgery 
No treatment/best supportive care/palliative care. 

 

Outcome measures 

• Survival/mortality 
• Disease recurrence/disease free survival 
• Resection margin status (clear/R0 or positive) 
• Lymph nodes dissected/harvested (number and/or location) 
• Duration of surgery  
• Duration of hospital stay 
• Rate of complications/adverse events (intraoperative or postoperative) 
• Rate of conversion to open/thorascopic surgery from robot-assisted surgery 
• Quality of life 
• Patient satisfaction 

Study design 

We will prioritise the following study types, in the order listed: 

• Randomised controlled trials. 
• Non-randomised comparative trials. 
• Single-arm (no control group) trials that report any relevant outcome. 

 
We will only include evidence from “lower priority” sources where this is not reported by a “higher priority” source. This could 
be because higher priority evidence: 

• Does not cover all relevant populations 
• Does not compare the technology of interest to all relevant comparators 
• Does not cover all outcomes of interest 
• Reports over short-term follow up periods, and longer follow up data is required for decision making. 

 
Where relevant and well-conducted systematic reviews exist we will use these by: 
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 • Reporting or adapting their reported outcome measures where these are fully relevant to the scope of our review, and 
appropriate synthesis methods have been used 

• Using these reviews as a source of potentially relevant studies where the review cannot be used as a source of outcome 
data 

 
We will prioritise systematic reviews in terms of the sources of evidence they include, using the order described above. 

Search limits 
A literature search will be conducted to identify evidence published since the searches done for our original appraisal (last 
date of search: 9 July 2019). Relevant evidence published prior to this will be taken from the original EAR. 

Language limits English language only 

Publication status We will include evidence from studies that are published in full. 
We will only include evidence from conference abstracts if there are critical gaps in the fully published evidence. 
We will include details of any ongoing trials that have a planned completion or reporting date within 24 months of the date 
searches are carried out. We will only include trials of a design that is likely to add to the existing evidence in terms of 
certainty; for example, if we report evidence from randomised controlled trials in the EAR, we will only report details of ongoing 
trials if they also use a randomised design. 
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Appendix 2. Medline strategy 

Ovid MEDLINE(R) ALL <1946 to August 07, 2023> 
Thoracic surgery 
1 exp Thorax/su [Surgery] 5071 
2 Thoracic Surgery/ 13750 
3 exp Thoracic Surgical Procedures/ 373737 
4 exp Lung/su [Surgery] 9175 
5 exp Thoracic Cavity/su [Surgery] 1208 
6 Thymus Gland/su [Surgery] 517 
7 exp Thoracic Neoplasms/su [Surgery] 50227 
8 Pneumonectomy/ 29011 
9 ((thorax or thoracic) adj5 (surger* or surgical* or excis* or resect*)).tw,kf. 28800 
10 (lobectom* or pneumonectom* or pneumoresect* or pulmonectom*).tw,kf. 32222 
11 ((lung* or pulmonar*) adj5 (segmentectom* or lobectom*)).tw,kf. 5681 
12 ((lobe* or lung* or pulmonar*) adj5 (excis* or resect*)).tw,kf. 33505 
13 (mediastin* adj5 (surg* or excis* or resect*)).tw,kf. 5621 
14 (thymus adj5 (surg* or excis* or resect* or remov*)).tw,kf. 884 
15 thymectom*.tw,kf. 7882 
16 ((lung or pulmonar*) and (wedge resect* or wedge excis*)).tw,kf. 3054 
17 or/1-16 457304 
Robotics 
18 robotic surgical procedures/ 16179 
19 robotics/ 27575 
20 (robot* adj assist*).tw,kf. 21401 
21 (robot* adj5 (surger* or surgical*)).tw,kf. 19449 
22 (robot* adj5 (excis* or resect*)).tw,kf. 2795 
23 da vinci.tw,kf. 4136 
24 or/18-23 52302 
Set combination 
25 17 and 24 3351 
26 limit 25 to yr="2019 -Current" 1435 
27 20190709:20231231.(dt). 6166453 
28 26 and 27 1260 
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Appendix 3. Flow diagram outlining selection of relevant evidence sources  
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Additional records identified 
through other sources  

(n = 4) 

Records after duplicates removed 
(n = 3613) 

Records screened  
(n = 3613) 

Records excluded  
(n = 3303) 

Full-text articles assessed 
for eligibility  

(n = 310) 

Articles included in Evidence Appraisal 
Report:  

• Effectiveness evidence (n = 13) 
• Ongoing trials (n = 4) 
• Economic evidence: (n = 9) 

Full-text articles excluded 
(n = 284)   
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Appendix 4. Summary of all included sources of effectiveness evidence 

Table A4.1. Included systematic reviews: design and characteristics 

Review Design, 
search period 

Eligibility criteria Trial characteristics Outcomes measured Comments 

EUnetHTA 
(2019) 

Systematic 
review of RCTs 
and 
prospective 
studies. 
 
Last date of 
search: June 
2018 

Patients with indications 
for thoracic or visceral 
surgery (details of the latter 
will not be reported here) 
 
Intervention: RATS 
Comparison: VATS or open 
surgery 
(reported/compared 
separately) 

Lobectomy: 3 
observational studies 
Mediastinal surgery: one 
observational study 

• Survival (overall and disease-
specific or disease-free) 

• Positive (surgical) margins 
• Recurrence (local, regional or 

distant) 
• Quality of life  
• Conversion to 

laparoscopic/thoracoscopic/open 
surgery 

• Length of hospital stay 
• Patient satisfaction 

Only incidence of postoperative 
complications in mediastinal 
surgery is reported here. For 
other outcomes/populations, 
data is available from more up-
to-date reviews. 

Leitao et 
al. (2023) 

Systematic 
review and 
meta-
analysis.  
 
Last date of 
search: 
September 
2020 

Thoracic cancers (also 
covered other cancers, but 
these outside scope of this 
EAR) 
 
Intervention: RATS 
Comparison: VATS or open 
surgery 
(reported/compared 
separately) 

16 observational studies 
included for lobectomy 

• Long-term (≥12 months) recurrence 
• Disease-free/recurrence-free 

survival Overall survival 

Authors included evidence from 
a range of surgical sites, but 
searches and analyses were 
conducted separately and data 
presented here is only for 
thoracic surgery. 

O'Sullivan 
et al. 
(2019a) 

Systematic 
review and 
meta-
analysis.  
 
Last date of 
search: 
December 
2017 

People undergoing 
lobectomy 
 
Intervention: RATS 
Comparison: VATS or open 
surgery 
(reported/compared 
separately) 

13 studies; 6 existing 
meta-analyses; 7 
retrospective studies of 
registries/databases 

• 30-day mortality 
• Operative time 
• Length of hospital stay 
• Conversion to open surgery 
• Lymph node yield 
• Intraoperative complications 
• Postoperative complications 

Only lymph node yield is 
reported here. For other 
outcomes/populations, data is 
available from more up-to-date 
reviews. 

O'Sullivan 
et al. 
(2019b) 

Systematic 
review and 
meta-
analysis.  

People undergoing 
thymectomy 
 
Intervention: RATS 

18 studies; 15 
retrospective (6 used 
propensity score 

• 30-day mortality 
• Operative time 
• Length of hospital stay 

Only resection margin and 
postoperative complications are 
reported here. For other 
outcomes/populations, data is 
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Review Design, 
search period 

Eligibility criteria Trial characteristics Outcomes measured Comments 

 
Last date of 
search: July 
2018 

Comparison: VATS or open 
surgery 
(reported/compared 
separately) 

matching) cohorts; 1 
prospective  

• Conversion to open surgery 
• Lymph node yield 
• Intraoperative complications 
• Postoperative complications 
• Resection margin 
 

available from more up-to-date 
reviews. 

Wu et al. 
(2021) 

Systematic 
review and 
meta-
analysis.  
 
Last date of 
search: 
December 
2020 

People undergoing 
minimally invasive 
thymectomy (for thymoma 
and thymic cancer, thymic 
cyst and other diseases of 
the thymus) 
 
Intervention: RATS 
Comparison: VATS 

9 studies, all 
retrospective cohorts 

• Disease recurrence 
• Surgery duration 
• Length of hospital stay 
• Complications 
• Conversion to open surgery 

 

Zhang et 
al. (2022) 

Systematic 
review and 
meta-
analysis.  
 
Last date of 
search: 
November 
2021 

Any lung cancer surgery 
 
Intervention: RATS 
Comparison: VATS 

26 studies, 22 
retrospective (8 used 
propensity score 
matching), 2 RCTs 

• Overall survival 
• Disease-free survival 
• Resection margin 
• Node dissection 
• Surgery duration 
• Length of hospital stay 
• Complications 
• Conversion of open surgery 

Evidence includes the RCTs by 
Veronesi et al (2021) and Jin et al 
(2021) that are also reported 
elsewhere in this report. 

RATS: robot-assisted thoracic surgery; VATS: video-assisted thoracic surgery 
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Table A4.2. Included randomised controlled trials: design and characteristics 

Study 
reference(s) 

Design, setting Participants Intervention Comparison Outcomes Comments 

Huang et al. 
(2019), 
Huang et al. 
(2021) 

RCT 
(noninferiority 
trial) 
Three centres, 
China 
January 2016 to 
July 2020 

Inclusion criteria: 
NSCLC, TNM stage N2; 
aged 18 to 75 years; 
adequate pulmonary 
and cardiac function to 
tolerate resection and 
tumour evaluated as 
resectable by MDT. 
 
148 patients included, 
mean age 61 years; 
male 68.9%; history of 
smoking 47%. 

RATS (Da Vinci Si or Xi surgical 
system. 
Lobectomy/pneumonectomy, hilar 
and mediastinal lymph nodes 
dissected). N = 76 

Open surgery 
(lobectomy/pneumonectomy by 
rib-spreading thoracotomy. Hilar 
and mediastinal lymph nodes 
dissected). N = 72 

• Survival 
• Disease free 

survival 
• Duration of 

surgery 
• Lymph node 

dissection 
• Length of 

hospital stay 
• Complications 
• Quality of life 

Reported as two 
publications. 
Data used from 
both as they 
report different 
outcomes. 

Jin et al. 
(2022), Jin et 
al. (2023) 

RCT 
(noninferiority 
trial) 
Single centre, 
China 
May 2017 to 
May 2020 

Inclusion criteria: 
patients with 
pulmonary masses who 
were identified as 
suitable for minimally 
invasive lobectomy; 
aged 18 to 80 years, ASA 
score 1 to 3. 
Exclusion criteria: 
tumours other than 
NSCLC; current or 
former comorbidity 
with other malignant 
tumours; previous 
chemotherapy, 
radiotherapy or 
targeted therapy for 
other malignancies; 
change of surgical plan 
during operation. 
 
320 patients enrolled; 

RATS (Da Vinci Si or S surgical 
system. Lobectomy, N1 and N2 
lymph node stations dissected). N 
= 157 

VATS (lobectomy, N1 and N2 
lymph node stations dissected). 
N = 163 

• Node 
dissection 

• Duration of 
surgery 

• Length of 
hospital stay 

• Complications 
• Quality of life 

Reported as two 
publications. 
Data used from 
both as they 
report different 
outcomes. 
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Study 
reference(s) 

Design, setting Participants Intervention Comparison Outcomes Comments 

median age 61.5 years, 
male 49%; history of 
smoking 31.2% 

Patel et al. 
(2023) 

RCT 
Four centres, 
two in Canada 
and one each 
in USA and 
France 
Patients 
recruited 
between 
January 2016 
and July 2020 

Inclusion criteria: 
diagnosed with NSCLC 
(clinical stage I, II, IIIa) 
candidate for 
pulmonary lobectomy 
 
164 participants 
analysed. Mean age 68 
years, 32.9% male, 23.7 
% smokers, 57.7% 
former smokers 

Robotic portal lobectomy using 4 
arms. Mediastinal lymph node 
(LN) sampling/dissection of 
stations 10R, 11R, 4R, 2R, 7, 8, 9 for 
right-sided resections, and 
stations 10L, 11L, 5, 6, 7, 8, 9 for left-
sided resections 
n = 81 

VATS through a complete portal 
(1-port, 2-port, 3-port, or 4-port 
technique). Mediastinal lymph 
node (LN) sampling/dissection 
done as for RATS 
n = 83 

• Node 
dissection 

• Surgery 
duration 

• Length of 
hospital stay 

• Adverse 
events 

• Conversion 
• Quality of life 

This publication 
reports trial 
‘phase A’. 
Further long 
term results 
including on 
overall survival, 
will be reported 
once further 
follow up data is 
available.  

Terra et al. 
(2022) 

RCT 
Single centre, 
Brazil 
April 2015 to 
June 2017 

Inclusion criteria: lung 
cancer or lung 
metastasis suitable for 
pulmonary lobectomy; 
presence of tumour of 
less than 5 cm in 
diameter; absence of 
tumour invasion into 
the chest wall, 
diaphragm, 
mediastinum, or 
another lung lobe; able 
to undergo the 
procedure based on 
clinical and 
anaesthetic evaluation.  
Exclusion criteria: 
previous thoracic 
surgical procedure in 
the hemithorax to be 
operated on; unable to 
remain on single-lung 
ventilation during the 

RATS (Da Vinci Si surgical system. 
Lobectomy, lymph node dissection 
not reported). N = 37 

VATS (lobectomy) [lymph node 
dissection not reported]. N= 39 

• Duration of 
surgery 

• Length of 
hospital stay 

• Complications 
• Quality of life 
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Study 
reference(s) 

Design, setting Participants Intervention Comparison Outcomes Comments 

procedure 
 
76 patients included. 
Mean age 68.4 years 
(RATS and 65.7 years 
(VATS); male 55%; 
history of smoking 68%. 

Veronesi et 
al. (2021) 

RCT 
Four centres, 
Europe 
(locations not 
reported) 
April 2017 to 
November 2018 

Inclusion criteria: early 
stage (T1-3, N0-N1) 
NSCLC (known or 
suspected - frozen 
section was used to 
confirm the disease 
during surgery if 
required); ASA Score 1-3. 
 
Exclusion criteria: 
metastatic cancer, 
extrapulmonary 
primary cancers in the 
past 2 years, severe 
heart disease, alcohol 
abuse, renal 
impairment (creatinine 
>2.5 mg/dl), and other 
serious comorbidities 
that contraindicate 
surgery. 
 
77 participants 
included. Mean age 69 
years; male 57%; 
smoking history 74%. 

RATS (Da Vinci surgical system; 
model(s) used not reported. 
Lobectomy/segmentectomy. 
Minimum of six lymph node 
stations removed, of which three 
were from the mediastinum and 
included the subcarinal station). 
N = 38 

VATS 
(lobectomy/segmentectomy. 
Minimum of six lymph node 
stations removed, of which three 
were from the mediastinum and 
included the subcarinal station). 
N = 39 

• Resection 
margin 

• Node 
dissection 

• Duration of 
surgery 

• Length of 
hospital stay 

• Complications 
• Quality of life 

 

ASA: American Surgical Association; NSCLC: non-small cell lung cancer; TNM: tumour-node-metastasis; RATS: robot-assisted thoracic surgery; VATS: video-assisted thoracic surgery 

 

  



 

 
 

Page 51 of 67 
 

EAR011-2 October 2023 
 

Appendix 5. Summary of US costing studies 

Table A5.1. Summary of US costing studies 

Study details Study population and design  Data sources Results Quality assessment 

Author and year: Abbas et al. 
(2020) 
 
Country:  
United States of America 
 
Type of economic analysis: 
Retrospective cohort costing 
study  
 
Perspective:  
US healthcare payer 
 
Currency: 
US dollars ($) 
 
Price year:  
2015 
 
Time horizon: post-operative 
until discharge.  
 
Discounting:  
No discounting 
 
Potential conflict of interest:  
The lead was a paid consultant 
for Boston Scientific, Inc and 
Intuitive Surgical, Inc. 

Population:  
All patients who underwent a 
thoracic surgery during 2015 
who were in the financial 
database at Temple University 
Hospital (Philadelphia, USA).  
 
Intervention:  
RATS 
 
Comparator:  
Traditional endoscopic surgery 
(TES) (including VATS) and 
open surgery.  
 
Study design:  
Retrospective routine data 
analysis surgical outcomes 
and costs  

Source of baseline and 
effectiveness data:  
Baseline data was offered 
by the routinely collected 
data from the hospital. 169 
patients were selected 
according to available 
matching of case mix index, 
their operative time, length 
of stay, direct and indirect 
costs as well as hospital 
charges, surgical charges 
and a contribution margin 
was included in the 
analysis. Traditional 
endoscopic surgical 
approaches have 4,612 
patients in their cohort, 
open surgery had 5,913.   
 
Source of resource use 
and cost data:  
Cost data was offered by 
the university routine data 
collection, financial 
considerations included 
length of stay, conversions, 
transfusions operating 
time and complications.  

Base case results: RATS was 
associated with improved surgical 
and post-operative outcomes 
compared to traditional endoscopic 
surgery approach and open surgery. 
RATS has a lower average length of 
stay 4.7 days vs. TES 5.3 days and 
open 7.3 days. Lower conversion rate 
(1.8%) than TES (8.1%) and lower 
transfusion rates (1.2% vs. TES (3.8% 
and open (7.8%).  
 
Post operative complications were 
lower in the RATS group with minor 
complications at 14.8% compared to 
TES (43.6%) and open (55.1%). Major 
complications were also lower in 
RATS (11.8%) vs. TES (22.0%) and open 
(28.8%).  
 
Operative times were lower for RATS 
(148 mins) than TES (180) and open 
(175).  
 
Costs: RATS was estimated to be cost 
saving when considering a limited 
clinical outcomes approach (no 
surgical delivery costs included). The 
outcomes listed in the clinical review 
above estimate a cost saving of 
between $5,746-$6,011 compared to 
TES and $11,819 compared to open 
surgery.  

Applicability 
Partially applicable  
 
Limitations 
The study has potentially 
serious limitations. 
• Retrospective study 
• Costing approach has a 

limited perspective. 
• Single hospital  
• Use of historic unit costs 
• Potential mixed costing 

base years 
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Study details Study population and design  Data sources Results Quality assessment 

Author and year: Bailey et al. 
(2019) 
 
Country:  
United States of America 
 
Type of economic analysis:  
Cost effectiveness analysis 
 
Perspective: Hospital costs 
incurred 
 
Currency:  
US dollars ($) 
 
Price year:  
2014 
 
Time horizon:  
30-day readmission  
 
Discounting: No discounting 
 
Potential conflict of interest:  
The authors report no 
proprietary or commercial 
Interests. 

Population:  
129,539 lobectomies for lung 
cancer. Adults who underwent 
pulmonary lobectomy for a 
malignant neoplasm of the 
bronchus or lung through 
RATS, VATS, or open surgery.   
 
Cohort settings:  
Nationwide Readmissions 
Database (NRD) 2010 to 2014.   
 
Intervention:  
Open surgery  
 
Comparator:  
Minimally invasive surgery 
(MIS) which includes:  
Video-assisted thoracoscopic 
(VATS) and Robotic assisted 
thoracic surgery (RATS) 
 
Study design 
A retrospective propensity-
matched database analysis. 

Source of baseline and 
effectiveness data:  
Nationwide Readmissions 
Database (NRD) 
readmissions rates 
following each type of 
surgical approach. 
Procedure numbers: Open 
surgery 74,493, MIS 55,046 
(VATS 48,185 and RATS 
6,861)  
 
Source of resource use 
and cost data: 
Routine data matched 
costings from the NRD 
which is hosted within the 
Healthcare Cost and 
Utilization Project (HCUP). 
The 
NRD includes associated 
costs, procedure codes and 
patient characteristics.  
  
 

Base case results: 
Higher readmission rates for open 
surgery vs. MIS approaches (10.5% vs 
9.3%). VATS and RATS had 
comparable readmission rates (8.8% 
vs 8.5%).  
 
Disparity of summation (RATS + VATS 
average not equal to MIS average) 
due to conversion to open surgery. 
When assessing the intent to treat 
data the significant difference 
between open and MIS remained. 
 
Costs 
Open surgery cost $ 21,846 vs MIS $ 
20,779. Of the MIS approaches, VATS 
cost $20,279 vs RATS $23,870.  
 
Higher costs of RATS due to the 
approach often requiring an 
additional surgeon, relative team 
specialisation and longer operative 
times. RATS requires a relatively high 
disposable tool cost and significant 
maintenance costs.  

Applicability 
Partially applicable  
 
Limitations 
The study has potentially 
serious limitations 
• Retrospective analysis 

with no randomisation 
• Disparity of baseline 

patient characteristics 
• Disparity in baseline 

hospital characteristics 
• Limited research focus – 

no CEA or ICER 
• Historic data may not 

reflect current practise 

Author and year: Coyan et al. 
(2022) 
 
Country:  
United States of America 
 
Type of economic analysis:  
Cost analysis  
 
Perspective: 

Population:  
Adult patients undergoing 
either RALS or VATS between 
August of 2014 and January of 
2017 
 
Cohort settings:  
574 procedures (488 VATS and 
86 RALS) 
 
Intervention:  

Source of baseline and 
effectiveness data:  
Routine data evaluation of 
perioperative and 
postoperative surgical 
measures. The analysis is 
propensity score matched 
1:1 offering 74 matched 
pairs.  
 
Source of resource use 

Base case results: 
RALS is cost saving compared to 
RATS whilst maintaining good 
clinical outcomes.  
 
Costs: 
RALS were associated with a 
significantly lower overall cost 
compared to VATS (£16,351 vs. 
£21,154). This is driven by lower direct 
salary costs and direct supply costs. 

Applicability 
Partially applicable  
 
Limitations 
The study has potentially 
serious limitations. 
• Retrospective analysis 

with no randomisation 
• Limited delivery staff – 

single surgeon delivering 
75% of robotic surgeries, 
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Study details Study population and design  Data sources Results Quality assessment 

Retrospective cohort costing 
study 
 
Currency: 
US dollars ($) 
 
Price year: 
Not reported. 
 
Time horizon:  
Short term – including partial 
readmission. 
 
Discounting:  
No discounting 
 
Potential conflict of interest:  
No reported conflicts: Authors 
are employees of study location. 

Robotic assisted lobectomy or 
segmentectomy (RALS) 
 
Comparator 
video-assisted thoracoscopic 
lobectomy or segmentectomy 
(VATS) 
 
Study design: 
Retrospective activity-based 
costing study using routinely 
collected data from 4 
Pittsburgh (US) based 
hospitals, 3 of which 
undertook RALS procedures 
and all 4 contributed to the 
VATS data. 

and cost data:  
Patient level data was 
sourced from each 
hospital’s management 
system software database 
offering activity-based 
costing of each patient 
direct, indirect, and 
semidirect costs. 

Operative times for RALS were 250 
mins compared to VATS 294 mins.  
 
Effectiveness 
There were no differences in 30-day 
mortality between RALS and VATS. 
RALS patients experienced a lower 
median length of stay (4 days) vs. 
VATs (7 days). 

issues regarding 
generalisability. 

• Not able to account for 
cost of readmission 
(RALS has a higher 
frequency and lower 
duration of readmission 
compared to VATS) 

Author and year: Imielski et al. 
(2020) 
 
Country:  
United States of America 
 
Type of economic analysis: 
Retrospective cohort costing 
study 
 
Perspective:  
US healthcare payer 
 
Currency: 
US dollars ($) 
 
Price year:  
Not reported. 
 

Population:  
220 consecutive patients 
undergoing thymectomy 
between Jan 1st 2007 and the 
31st January 2017. Non-
randomised patient selection.  
 
Intervention:  
Open surgery (thymectomy) 
 
Comparator.  
Minimally invasive surgery 
(MIS) which includes 97 VATS 
and 54 RATS procedures.  
 
Study design:  
Cost comparison  

Source of baseline and 
effectiveness data: 
retrospective evaluation of 
220 thymectomy surgeries.   
 
Source of resource use 
and cost data:  
Routinely collected costing 
data from the hospital 
billing system.  

Base case results: 
Minimally invasive procedures were 
equally efficacious compared with 
open surgery. Open surgery is 
associated with a longer duration of 
post-operative intensive care stay 
and hospital stay when compared to 
MIS.  
 
Costs:  
Open surgery costs are higher than 
those seen in MIS approaches 
($22,847 vs. 14,504). RATS has a lower 
total cost than VATS ($14,075 vs. 
$14743) this is driven by a reduction 
in post operative complications 
which is partially offset by RATS 
patients having a higher 30-day 
readmission rate compared to VATS. 

Applicability 
Partially applicable  
 
Limitations 
The study has potentially 
serious limitations. 
• Retrospective study 
• Small population base 
• Doesn’t include 

transcervical 
thymectomy as a 
comparator.  

• Short follow-up period  
• Single site analysis.  
• Uncertain base costing 

year 
• Robotic capital costs not 

included in the cost of 
robotic procedure 
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Study details Study population and design  Data sources Results Quality assessment 

Time horizon:  
30 days including readmission 
cost.  
 
Discounting:  
No discounting 
 
Potential conflict of interest:  
The authors have no conflict of 
interest to declare. 

Author and year: Kneuertz et al. 
(2019a) 
 
Country:  
United States of America 
 
Type of economic analysis: 
Retrospective cost analysis  
 
Perspective:  
US healthcare payer 
 
Currency: 
US dollars ($) 
 
Price year: 
 
Time horizon: intraoperative 
and immediate post operative. 
(short term). 
 
Discounting:  
No discounting 
 
Potential conflict of interest: Dr 
Merritt (author) is a speaker for 
Surgical Intuitive Inc. All other 

Population:  
Adults with available costing 
data who underwent 
pulmonary lobectomy between 
1st January 2012 and 1st 
September 2017. 697 patients 
in total (RATS 296, VATS 161, 
Open 240) 
 
Intervention:  
RATS 
 
Comparator:  
VATS and open surgery 
 
Study design:  
Cost and outcomes 
comparison 

Source of baseline and 
effectiveness data: 
Effectiveness is assessed 
primarily according to 
costs. The clinical 
effectiveness is reported 
according to length of stay, 
complications and 30-day 
mortality.   
 
Source of resource use 
and cost data:   
The primary financial 
outcome is total direct 
hospital costs. Total costs 
are the sum of all expenses 
to the hospital for the index 
stay for lobectomy across 
each of the three 
approaches. The costs 
include both fixed and 
variable costs and are 
determined by the billing 
department at discharge 
level. Costs are adjusted 
according to patient level 
propensity scores. 

Base case results: 
Results demonstrate that there were 
no significant differences in 
propensity score adjusted hospital 
costs or charges to the payer across 
RATS, VATS and open lobectomy.  
 
Costs:  
Total direct costs are insignificantly 
difference across the three 
approaches with RATs incurring a 
cost of $17,223, VATS $17,260 and 
open surgery $18,075. Total charges 
were similar, RATs $119,180 VATS 
$124,026 and Open surgery $120,811.  
 
 
Effectiveness: 
Minimally invasive approaches 
(RATS and VATS) are associated with 
a lower level of major complications 
when compared to open surgery 
(RATS 11.82% VATS 5.63% and Open 
16.25%). Length of stay was higher for 
open than both other approaches 6 
days compared to 4. 30-day mortality 
was broadly equal across all 
approaches.  

Applicability 
Partially applicable  
 
Limitations 
The study has potentially 
serious limitations. 
• Retrospective analysis 
• Limited costing coverage 

(initial discharge) 
• Uncertain costing year 
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Study details Study population and design  Data sources Results Quality assessment 

authors have nothing to 
disclose with regard to 
commercial 
support. 

Author and year: Nguyen et al. 
(2020) 
 
Country: 
United States of America 
 
Type of economic analysis:  
Cost and trend analysis  
 
Perspective:  
US healthcare payer 
 
Currency: 
US dollars ($) 
 
Price year:  
2015 
 
Time horizon:  
30-day horizon 
 
Discounting:  
No discounting 
 
Potential conflict of interest:  
Multiple authors are either 
employed or are consultants for 
Intuitive. 

Population:   
Adults who have had a 
lobectomy for neoplasm. 
32,655 lobectomy surgeries of 
which 2,930 RL, 12,543 VL and 
17,182 Open.  
 
Cohort settings:  
Surgery occurred between 1st 
January 2008 and 30th 
September 2015. Patient level 
data offered by linked payer 
databases across 700 
community hospitals in the 
United States.  
 
Intervention:  
Robotic assisted lobectomy 
(RL)  
 
Comparator:  
Video-assisted thoracoscopic 
lobectomy (VL) and open 
pulmonary lobectomy.  
 
Study design:  
Retrospective outcomes and 
cost analysis.  Procedure trend 
analysis included.  

Source of baseline and 
effectiveness data:  
Relative routinely reported 
surgical metrics and post-
operative outcomes. 
Measures are adjusted for a 
range of demographics.  
 
Source of resource use 
and cost data:  
Costs are based on activity 
levels reported by the data, 
costs are based on the 
hospital reported costs. The 
costs include fixed and 
variable costs.  

Base case results:  
Trend analysis: RL and VL increasing 
with open surgery decreasing over 
the study horizon.  
 
Comparison between RL and VL: 
 
Propensity matched 1:1 clinical 
outcome between RL and VL 
delineated between early 2008-2012 
and later 2013 to 2015. Clinical 
findings suggest a longer duration 
for RL compared to VL observed in 
both periods. Conversion rates were 
higher in VL than RL in both periods.  
 
Operating room duration is longer in 
RL than VL for both periods. ICU 
admission was initially lower in RL in 
the early period, both groups reduced 
their ICU admission rates resulting 
in VL having a lower rate in the latter 
period. Duration of ICU stay was 
lower in RL.  
 
Costs:  
Costs are higher for RL than VL for all 
cost categories and across both time 
periods.  
 
A relationship between surgery 
volume and costs was observed. The 
analysis of costs between RL and VL 
for hospitals with greater than 25 

Applicability 
Partially applicable  
 
Limitations 
The study has potentially 
serious limitations. 
• Retrospective analysis 
• Non-randomised 
• No health outcomes 
• No control for hospital 

heterogeneity for costs 
• No control for tumour 

size or staging 
• Historic cost year 
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Study details Study population and design  Data sources Results Quality assessment 

annual lobectomies showed that RL 
is associated with similar costs to 
VL, this relationship sustained 
across the two time periods, RL saw a 
greater cost reduction progressing 
from the 2008-2012 to the 2013-15 
period compared to VL. 

Author and year: Subramanian 
et al. (2019) 
 
Country:  
United States of America 
 
Type of economic analysis: 
Retrospective cost analysis 
 
Perspective:  
US healthcare payer 
 
Currency: 
US dollars ($) 
 
Price year:  
Not reported 
 
Time horizon: Operation to 90-
day readmission 
 
Discounting:  
No discounting 
 
Potential conflict of interest:  
No conflicts of interest were 
reported. 

Population:  
15,038 patients in the Florida 
State inpatient Database 
between the years 2008 and 
2014. Open surgery 8,501, VATS 
lobectomy 4,608 and RATS 
lobectomy 1,929.  
 
Intervention:  
RATS 
 
Comparator:  
VATS and Open surgery  
 
Study design: 
Retrospective analysis of cost 
and outcome data.  

Source of baseline and 
effectiveness data: 
ICD-9 clinical coding was 
used to identify patients 
who underwent routine 
access to one of the three 
surgical approaches within 
the study window.  
 
Source of resource use 
and cost data:  
The routine data offered 
overall costs, to capture the 
impact of 30-day 
readmissions an 
unadjusted 90-day cost 
was used.  

Base case results:  
RATS was associated with improved 
clinical metrics compared to open 
surgery including in hospital 
mortality, major complications, 
minor complication, length of stay, 
30-day readmission and 90-day 
readmission.  
 
When RATS is compared to VATS 
there is a significant reduction in 
minor complications and length of 
stay  
 
Costs: 
The total index hospitalisation cost 
for RATS is $20,377 with VATS costing 
$17,802 and Open $17,200, RATS is 
significantly higher than both 
alternative approaches. The same 
trend is observed when considering 
the 90-day cost.  

Applicability 
Partially applicable  
 
Limitations 
The study has potentially 
serious limitations. 
• Non-randomised – 

authors note that 
randomised trials didn’t 
observe the differences 
they did, potential 
impact of confounders. 

• Lack of cancer specific 
data, uncertainty as to 
baseline imbalances. 

• Conversion treatments 
excluded (~3% of cohort) 

Abbreviations: EQ-5D: EuroQol five-dimensions questionnaire; ICER: incremental cost-effectiveness ratio; NA: not applicable; NR: not reported; QALY: quality-adjusted life year; RCT: 
randomised controlled trial; RR: risk ratio 



Page 57 of 67 
 

EAR011-2 October 2023 
 

 

 
 

Appendix 6. HTW cost-utility analysis 

1. Background and objective 

Evidence from the economic studies identified in the literature review is inconclusive and 
therefore the cost effectiveness of robotic assisted thoracic surgery (RATS) remains uncertain. 
HTW developed an economic analysis in an attempt to address this uncertainty.  

Previous economic studies have generally found that RATS have higher capital and consumables 
costs in comparison to video thoracic surgery (VATS). Most studies then suggest that post-
operative costs may be lower with RATS than VATS due to possible reductions in length of stay. 
complications and conversion rates to open surgery. Studies then differ in whether the initially 
higher upfront costs of RATS is outweighed by post-operative cost savings. Some studies found 
RATS to be more costly than VATS in net terms while others found RATS to be less costly. However, 
it should be noted that some of the studies that found RATS to be less costly did not include 
capital costs in their calculations.   

Given the high upfront capital costs of RATS, it is at least a possibility that RATS may be more 
costly in net terms than VATS. Therefore, to fully consider cost effectiveness, there is a need to go 
beyond a simple costing approach. A cost-utility analysis is likely to be required as this enables 
conclusions to be drawn even in scenarios where RATS may be more costly. However, such an 
analysis requires evidence to inform the estimation of quality adjusted life years (QALYs), which 
take survival and quality of life into account. This presents a challenge as the clinical evidence 
to inform such an analysis is limited. In particular, there is a lack of evidence demonstrating 
statistically significant differences in long-term outcomes, such as survival and disease 
recurrence.  

The literature review for this EAR identified evidence from Zhang et al. (2022) and Leitao et al. 
(2023), which suggests that, in comparison to VATS, RATS may improve disease free survival at 
five years in people with lung cancer. Therefore, a de novo cost-utility analysis was developed to 
estimate the cost-effectiveness of RATS in comparison to VATS in people with lung cancer.  

 

2. Model structure 

A de novo economic model was constructed to estimate disease progression in people with lung 
cancer undergoing surgery for lung cancer. The approach adopted in the analysis was a form of 
partitioned survival analysis. In this analysis, overall survival and disease-free survival 
estimates are used to categorise a cohort of hypothetical patients can be categorised into three 
distinct groups; alive and disease free, alive with disease and dead (see figure 1). The clinical, 
cost and quality of life (QoL) data used to inform the analysis are described in detail in 
subsequent sections. 

The analysis considered the perspective of the UK NHS and personal social services (PSS). A five-
year horizon was considered with a cycle length of one year. Future costs and benefits were 
discounted at a rate of 3.5% per year.  

Note that the analysis considered a short time horizon to reflect the clinical evidence that 
informed the analysis (see sections on disease free survival and overall survival below). A longer 
time horizon would be preferred as it could fully capture the potential costs and benefits of RATS. 
However, an extended time horizon was considered to be beyond the scope of the currently 
limited evidence base on long-term benefits. 
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Figure 1. Partitioned survival analysis 

 

3. Disease free survival 

There is no evidence from randomised controlled trials (RCTs) on differences in disease free 
survival with RATS compared to VATS. However, two systematic reviews of observational studies 
reported a statistically significant benefit in disease-free survival with RATS compared to VATS 
(Leitao et al. 2023, Zhang et al. 2022). 

Disease free survival estimates from Zhang et al. (2022) were used to inform the base case 
analysis. This study was preferred in the base case analysis as it included outcomes at five years 
whereas Leitao et al. (2023) included outcomes at two to five years. However, the alternative 
values from Leitao et al. (2023) were modelled in a sensitivity analysis. 

Zhang et al. (2022) reported an odds ratio (OR) of 1.69 (95% CI: 1.11 to 2.57) for RATS in comparison 
to VATS. Estimated disease free survival in people with RATS and VATS in the studies informing 
this treatment effect was 81.2% (220 of 271 participants) and 74.8% (225 of 301 participant), 
respectively. To match the cycle length of the economic analysis, these values were converted to 
annual event rates of 4.1% and 5.7% for RATS and VATS, respectively.  

 

4. Overall survival 

There is no evidence from randomised controlled trials (RCTs) on differences in overall survival 
with RATS compared to VATS. Evidence from systematic reviews of observational studies 
reported overall survival with RATS and VATS at five years (Leitao et al. 2023, Zhang et al. 2022). 
However, no statistically significant differences were found in overall survival outcomes. 

The systematic review by Zhang et al. (2022) was used as the estimate of overall survival to 
ensure consistency with the disease-free survival estimates above. However, it was necessary to 
focus upon a subset of studies within the review that reported disease free survival as well as 
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overall survival. This limited the pool of studies to Yang et al. (2017) and Zhou et al. (2020). Data 
from a larger study by Hennon et al. (2020) was removed as this study did not report disease free 
survival. 

Note that this restricted selection of studies was required for the paired survival estimates to be 
coherent. Disease-related events captured within disease free survival estimates include deaths 
as well as disease recurrence. Therefore, mortality captured within overall survival should also 
be captured within disease free survival. As such, overall survival within a population should 
always exceed disease free survival. If the unrestricted overall survival estimates from Zhang et 
al. (2022) were used then overall survival for RATS and VATS at five years would be 65.7% and 
66.2% for RATS and VATS, respectively. This exceeds the disease-free survival estimates described 
above (81.2% for RATS and 74.8% for VATS). Therefore, there is incoherence between values and it 
would not be possible to develop a partitioned survival analysis using this data. 

Since there is no evidence of a difference in overall survival with RATS and VATS, it was assumed 
that overall survival would be equivalent. Pooled overall survival at five years for RATS and VATS 
was estimated from the subset of studies within Zhang et al. (2022) that also reported disease 
free survival (Yang et al. 2017, Zhou et al. 2020). Disease free survival was estimated to be 81.9% 
(388 of 474 participants alive) for RATS and VATS. To match the cycle length of the economic 
analysis, this value was converted to an annual mortality rate of 3.9%.  

 

5. Costs and quality of life 

The costs considered in the model reflect the perspective of the analysis, thus only costs that are 
relevant to the UK NHS & PSS were included. Where possible, all costs were estimated in 2022 
UK prices.  

The approach used to capture short-term costs associated with RATS and VATS was based 
primarily on the micro-costing analysis by Shanahan et al. (2022) with costs adjusted to reflect 
the perspective of the UK NHS and PSS. Longer term costs were based on previous NICE 
Technology Assessments (NICE TAs) covering treatments for lung cancer (NICE 2020, NICE 2023).  

As recommended in the NICE reference case, the model estimates effectiveness in terms of 
quality adjusted life years (QALYs). These are estimated by combining life year estimates with 
quality of life (QoL) values associated with being in a particular health state.  

 

 Capital and maintenance costs 

Capital and maintenance costs were sourced from values reported in Shanahan et al. (2022). A 
cost of €1,850,000 was reported for the robotic approach based on values from Intuitive Surgical. 
This cost includes the cost of the robotic equipment as well as the cost of a unique sterilisation 
machine necessary for processing robotic instruments. An annual maintenance cost of €200,000 
was reported for RATS. Based on expert feedback, it was assumed that there would be no 
maintenance cost in the first year of use as this is typically provided free of charge. 

Capital and maintenance costs with the VATS approach were also reported in Shanahan et al. 
(2022) based on values provided to them by Irish Hospital Supplies Ltd. Capital costs with VATS 
were estimated to be €81,120 while annual maintenance costs were estimated to be €5,686.  

Capital and maintenance costs with RATS and VATS were converted and inflated to UK prices. 
Estimated capital costs were £1,651,656 and £72,521 for RATS and VATS, respectively. Estimated 
maintenance costs were £178,557 and £5,076 for RATS and VATS, respectively. 
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An estimate of the cost per procedure is required for use in the economic analysis. This was 
estimated based on an assumed useful lifespan of 10-years for capital with the RATS and VATS 
approach. Maintenance costs were estimated over this lifespan with future costs discounted at 
a rate of 3.5% per year. Total capital and maintenance costs were then spread over the 10-year 
time period to estimate the average annual cost. Note that in a deviation to the analysis by 
Shanahan et al. (2022), no scrap value was estimated for the robotic capital.  

Annual costs were then divided by the estimated number of procedures per year to estimate the 
cost per procedure. Following assumptions in Shanahan et al. (2022), the number of procedures 
per year was estimated to be 675 based on an assumption of three surgeries per day, a five-day 
work week and 45 weeks activity per year. Dividing the annual cost by this estimate, gives a cost 
per procedure of £439 and £17 for RATS and VATS, respectively. 

 

Table A6.1. Capital and per-procedure attribution costs 

Cost element Surgical approach Reference 

RATS VATS 

Capital £1,651,656 £72,521 Shanahan et al. (2022) 
with costs converted 
and inflated to UK 
2022 prices.  

Maintenance per year £178,557 £5,076 

Average annual cost† £296,413 £11,474 

Number of procedures per year* 675 675 Shanahan et al. (2022) 

Cost per procedure £439 £17  

RATS: robotic assisted thoracic surgery; VATS: video-assisted thoracoscopic surgery 
† Estimated based on an assumed useful lifespan of 10-years. No maintenance costs were assumed in the first 
year with RATS. Future costs were discounted at a rate of 3.5% per year.  
* Estimated based on an assumption of three surgeries per day, a five-day work week and 45 weeks activity per 
year. 

 

 Consumables costs 

Consumables represent a considerable cost in the delivery of both surgical approaches. The cost 
of consumables was estimated from value reported in the micro-costing analysis by Shanahan 
et al. (2022) with costs adjusted to 2022 UK prices. Based on feedback from clinical experts, 
changes were made to the list of consumables included in the analysis. It was assumed that a 
vessel sealer would not be used and that intercostal local anaesthesia blocks would be used 
following surgery. The cost of dressings was also not considered as this was reported to be £0 in 
the analysis by Shanahan et al. (2022). This may have been a result of rounding but in any case, 
the cost of dressings is likely to be negligible and usage was equivalent with RATS and VATS. 

Note that the analysis by Shanahan et al. (2022) includes a difference in blood transfusion rates 
with RATS and VATS with a higher rate assumed with RATS. The analysis does not present 
sufficient detail for the veracity of this effect to be assessed and so there is uncertainty around 
this aspect. However, the impact of this assumption is minimal as it only accounts for a small 
proportion of the overall cost.  

The table below presents the estimated cost of consumables applied in the analysis with unit 
costs and usage by surgical approach listed. The total consumables cost for RATs and VATS was 
estimated to be £2,592 and £1,883, respectively. 
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Table A6.2. Consumable items 

Cost element Unit 
cost 

Usage by surgical 
approach 

Costs by surgical 
approach 

Reference 

RATS VATS RATS VATS 

Maryland bipolar forceps £152 1 0 £152 £0 

Usage and unit 
cost estimates 
from Shanahan 
et al. (2022). Unit 
costs were 
converted and 
inflated to UK 
2022 prices. 

Fenestrated bipolar forceps £152 1 0 £152 £0 

Permanent cautery hook 
(monopolar) 

£161 1 0 £161 £0 

DaVinci Xi cadiere forceps £80 1 0 £80 £0 

RATS staples and gun £1,711 1 0 £1,711 £0 

VATS staples and gun £1,544 0 1 £0 £1,544 

Sutures (total sutures) £13 1 1 £13 £13 

Hemostatic consumables £29 1 1 £29 £29 

Drapes £21 1 1 £21 £21 

Scrub suit £8 2 3 £16 £24 

Diathermy consumables £165 1 1 £165 £165 

Chest drainage £64 1 1 £64 £64 

Blood transfusion £263 0.054 0.035 £14 £9 

Intercostal local analgesia £13 1 1 £13 £13 NICE BNF – cost 
of ropivacaine 
hydrochloride 
(Joint Formulary 
Committee 2021) 

Total       £2,592 £1,883 
 

RATS: robotic assisted thoracic surgery; VATS: video-assisted thoracoscopic surgery; NICE: National Institute for 
Health and Care Excellence (NICE); BNF: British National Formulary 

 

 Staff costs 

Staffing costs were estimated for four stages of the surgical procedure (preparation, operation, 
postoperative and cleaning) based on the approach adopted in the micro-costing analysis by 
Shanahan et al. (2022).  

Shanahan et al. (2022) estimated the duration of each of the four stages of the surgical 
procedure. The authors assumed that preparation time with RATS was longer than the time 
required with VATS. A standard preparation time of 30 minutes was assumed for RATS while a 
preparation time of 20 minutes was assumed for VATS. The duration of the postoperative and 
cleaning stage was assumed to be equivalent with each surgical approach. A duration of 20 
minutes was assumed for the postoperative stage and a duration of 15 minutes was assumed 
for the cleaning stage. These assumptions were maintained in the HTW analysis.  

The duration of the operative stage in Shanahan et al. (2022) was estimated to be 247.6 minutes 
and 193.6 minutes for RATS and VATS, respectively. The authors state that these values were 
based on values identified in a literature review, but further details of the derivation approach or 
sources used is not provided. Alternative values were applied in the HTW analysis reflecting the 
evidence identified in the literature review as well as expert opinion which suggested that the 
estimates in Shanahan et al. (2022) were higher than typically seen in practice. An operative time 
of 115 minutes was estimated based on a pooled average of the RATS and VATS arms of the RCT 
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by Jin et al. (2022). Note that equivalent operative times have been assumed based on the 
evidence from RCTS which suggest that there is no statistically significant difference in 
operative time between the RATS and VATS approaches. 

The staff resource involved in each of the four stages of the process was based primarily on the 
estimates provided in Shanahan et al. (2022). However, an adjustment was made based on expert 
opinion that it was unlikely that there would be two surgical registrars present for the duration 
of the operation (with either surgical approach). Hourly staff costs were sourced from the Unit 
Costs of Health and Social Care 2022 from the Personal Social Services Research Unit (PSSRU) 
(Curtis & Burns 2020). These costs were then used to estimate staff costs per minute that could 
then be combined with the estimated minutes of staff time required.  

The table below details the staff costs applied in the analysis. It can be seen that the total staff 
cost was estimated to be £1,485 with the RATS procedure and £1,389 with the VATS procedure.    

 

Table A6.3. Staff costs 

Cost element 
Staff cost 
per hour 

Time by surgical 
approach (minutes) 

Cost by surgical 
approach Reference 

RATS VATS RATS VATS 

Consultant 
surgeon 

£143 140 135 £334 £322 

Unit costs from 
PSSRU (Curtis & 
Burns 2020) and 
minutes 
estimates from 
Shanahan et al. 
(2022). 

Surgical registrar £73 165 155 £201 £189 

Consultant: 
medical 
(Anaesthetic) 

£145 92 82 £221 £197 

Registrar 
(Anaesthetic) 

£73 165 155 £201 £189 

Anaesthetic nurse 
(specialist) 

£59 165 155 £162 £152 

Theatre nurse 
scrubbed 

£59 165 155 £162 £152 

Theatre nurse 
circulating 

£59 165 155 £162 £152 

Portering staff £39 50 40 £33 £26 

Health care 
assistant  

£39 15 15 £10 £10 

Total £1,485 £1,389  

RATS: robotic assisted thoracic surgery; VATS: video-assisted thoracoscopic surgery 

 

 Postoperative costs 

Post operative costs were estimated based on the approach used in the micro-costing analysis 
by Shanahan et al. (2022), in which resource use and costs were reported for various aspects of 
postoperative care. However, key aspects of resource use were adjusted to reflect the evidence 
identified in the literature review for this appraisal. RCT evidence was preferred for resource use 
estimates were possible. 
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Conversion to the open surgical approach was based on values identified in the literature review 
for this appraisal. A conversion rate of 5% was estimated based on a pooled estimate of the RATS 
and VATS treatment arms of the RCT by Jin et al. (2022). An equivalent conversion rate has been 
assumed in each treatment arm, reflecting the RCT evidence which reported that there was no 
statistically significant difference in conversion rates. Note that this differs from the values 
applied in Shanahan et al. (2022), in which a lower conversion rate was applied for RATS (8.1%) 
compared to VATS (12.6%) based on unspecified evidence from a literature review.    

Postoperative length of stay was estimated using data from Shanahan et al. (2022) along with 
evidence identified in the literature review. An average length of stay of 4.5 days was estimated 
based on a pooled estimate of length of stay in the RATS and VATS treatment arms of the RCT by 
Jin et al. (2022). Length of stay was assumed to be equivalent in each treatment arm, reflecting 
the RCT evidence which reported that there was no statistically significant difference in length 
of stay. Note that this differs from the values applied in Shanahan et al. (2022), in which length 
of stay was assumed to be lower with RATS (4.8 days) than (5.1 days) based on unspecified 
evidence from a literature review. Critical care or recovery bed days were estimated using the 
values reported in Shanahan et al. (2022), in which there was no difference between RATS and 
VATS. 

Complication rates were estimated using evidence identified in the literature review combined 
with data from Shanahan et al. (2022). The incidence of any complication was estimated to be 
16.5% based on a pooled estimate of complication rates reported in the RCT by Jin et al. (2022). 
This was then combined with an estimate of the proportion of major and minor complications 
from Shanahan et al. (2022) (based on values that they presented for each complication 
category). This equates to a minor complication rate of 14.1% and a major complication rate of 
2.4%. Complication rates were assumed to be equivalent in each treatment arm, reflecting the 
RCT evidence which reported that there was no statistically significant difference in 
complications. Note that, as with other inputs, this differs from the values applied in Shanahan 
et al. (2022), in which minor and major complications were lower with RATS than VATS. Shanahan 
et al. (2022) applied minor complication rates of 38.0% and 41.8% and major complication rates 
of 5.9% and 7.8% for RATS and VATS, respectively. However, the source of the values applied in 
Shanahan et al. (2022) is unclear as it based on a literature review without specifying the 
approach taken to derive values or the study (or studies) used. 

Rates of readmission and return to theatre were also reported in Shanahan et al. (2022). As with 
other values, the probabilities of readmission and return to theatre were based on a literature 
with source studies unspecified. The values applied in Shanahan et al. (2022) for estimates of 
return to theatre were retained in the HTW analysis. These values were equivalent in each arm 
(3.2%) and therefore have no impact on cost differences. However, Shanahan et al. (2022) did 
report a difference in readmission rates with RATS assumed to have a readmission rate of 6.7% 
while VATS had a readmission rate of 8.2%. No RCT evidence was identified in our literature review 
to support a reduction in readmission rates. Therefore, we estimated a pooled average of the 
readmission rates from Shanahan et al. (2022) (7.5%) and applied it in each treatment arm.  

Other elements of postoperative resource use reported by Shanahan et al. (2022), such as 
physiotherapy, laboratory tests and chest x-ray were applied in the HTW analysis. Note that there 
were no differences in usage between treatment approaches in these elements of resource use. 

Unit cost estimate were based on values reported in Shanahan et al. (2022) with prices converted 
and inflated to UK 2022 prices.  The table below details the postoperative costs applied in the 
analysis. It can be seen that postoperative costs were estimated to be £5,716 with both RATS and 
VATS. Note that the equivalent estimate in each arm is a deviation from the analysis by Shanahan 
et al. (2022), in which RATS costs were lower due to reductions in complications, length of stay, 
readmissions and conversion to the open approach. 
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Table A6.4. Postoperative costs 

Cost element Unit cost 

Usage by surgical 
approach 

Cost by surgical 
approach Reference 

RATS VATS RATS VATS 

Conversion to 
open 

£893 5.0% 5.0% £45 £45 

Unit costs from 
PSSRU (Curtis & 
Burns 2020) and 
minutes 
estimates from 
Shanahan et al. 
(2022). 

Bed days 
recovery 

£446 1.0 1.0 £446 £446 

Bed days critical 
care 

£1,607 0.5 0.5 £804 £804 

Bed days ward £764 4.5 4.5 £3,439 £3,439 

Physiotherapy £125 1.0 1.0 £125 £125 

Lab tests £34 1.0 1.0 £34 £34 

Chest X-rays £73 3.0 3.0 £220 £220 

Minor 
complications 

£893 14.1% 14.1% £126 £126 

Major 
complications 

£2,678 2.4% 2.4% £65 £65 

Return to theatre £3,571 3.2% 3.2% £114 £114 

Readmission £4,018 7.5% 7.5% £299 £299 

Total £5,716 £5,716  

RATS: robotic assisted thoracic surgery; VATS: video-assisted thoracoscopic surgery 

 

 Total procedure costs 

Total procedure costs for RATS and VATS are summarised in table 5 below. It can be seen that 
RATS is more costly overall than VATS (£10,233 compared to £9,005) due to higher capital, 
staffing and consumables costs. As noted above, postoperative costs are estimated to be 
equivalent with RATS and VATS in the HTW analysis. This was primarily due to basing estimates 
on RCT evidence which suggests that there is no statistically significant difference in the key 
aspects of postoperative resource use. This is a deviation from many previous analyses in which 
initially higher costs with RATS are often offset, at least partially, by a reduction in post-operative 
costs.  

Table A6.5. Total procedure costs 

Cost element 
Surgical approach 

RATS VATS 

Capital  £439 £17 

Consumables £2,592 £1,883 

Staffing £1,485 £1,389 

Postoperative  £5,716 £5,716 

Total cost £10,233 £9,005 

RATS: robotic assisted thoracic surgery; VATS: video-assisted thoracoscopic surgery 
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 Health state costs and utilities 

The costs and quality of life impact associated with subsequent disease management and 
treatment was estimated based on health states determined by the partitioned survival analysis 
(‘alive and disease free’ or ‘alive with disease’).  

Average treatment costs and quality of life values were estimated for each health state based on 
values reported in recent NICE Technology Appraisals (NICE TAs) on treatments for lung cancer. 
Note that this is a somewhat crude approach, and it may not accurately and fully reflect the 
nuances of the population being considered within this appraisal. However, based on the 
limitations with the clinical evidence base informing differences in health states between RATS 
and VATS, it was considered that a more extensive approach would add limited value. 

The annual costs for each health state were estimated from NICE TA911 on the use of selpercatinib 
for untreated RET fusion positive advanced non-small-cell lung cancer (NICE 2023). The 
economic analysis developed for this appraisal included weekly cost estimates for progression 
free patients and patients with progressed disease of £75 and £188, respectively. These were 
converted to annual costs of £3,889 and £6,141 for use in the model for patients alive and disease 
free and alive with disease, respectively. 

Quality of life values for each health state were estimated from NICE TA654 on the use of 
osimertinib for untreated EGFR mutation-positive non-small-cell lung cancer (NICE 2020). The 
economic analysis developed for this appraisal included quality of life estimates for progression 
free patients and patients with progressed disease of 0.794 and 0.678, respectively.  

The table below presents the health state costs and utilities applied in the analysis. 

 

Table A6.6. Health state costs and utilities 

Health state Annual cost Quality of life Source 

Alive and disease free £3,889 0.794 NICE TA911 (NICE 2023) and TA654 (NICE 2020) 

Alive with disease £6,141 0.678 NICE TA911 (NICE 2023) and TA654 (NICE 2020) 

NICE: National Institute for Health and Care Excellence: TA: technology appraisal  

 

6. Results 

 Base case results 

The base case results of the cost-utility analysis are shown in the table below. RATS was found to 
be more effective (0.02 QALYs) but more costly than VATS (£816). The resulting ICER of £38,509 
per QALY was substantially higher than a threshold of £20,000 per QALY indicating that RATS was 
not cost effective. 

Table A6.7. Base case results 

Treatment strategy 
Cost QALYs ICER (cost per 

QALY) Total Incremental Total Incremental 

VATS £25,099 - 3.17 -   

RATS £25,915 £816 3.19 0.02 £38,509 

ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life-year; RATS: robotic assisted thoracic surgery; 
VATS: video-assisted thoracoscopic surgery 
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 Scenario Analysis – no capital costs 

The capital costs associated with the delivery of RATS are considerable. In a scenario where a 
hospital has an existing surgical robot with unused capacity, it could be argued that the capital 
cost should not be considered as it has already been purchased and so could be considered a 
‘sunk cost’. Therefore, we estimated treatment costs in an alternative scenario where capital 
costs are not considered. This gives an overall cost per procedure of £9,794 for RATS and £8,988 
for VATS. Note that overall costs are still higher with RATS in this scenario due to the higher cost 
of consumables and staffing with RATS. 

The cost effectiveness results in this scenario are presented below. It can be seen that RATS is 
again found to be more effective (0.02 QALYs) but more costly than VATS (£394). However, the 
difference in cost is now much smaller than in the base case analysis (£394 vs £816). The 
resulting ICER of £18,597 per QALY indicates that RATS was cost effective in this scenario.  

 

Table A6.8. Results in zero capital costs scenario 

Treatment strategy 
Cost QALYs ICER (cost per 

QALY) Total Incremental Total Incremental 

VATS £25,082 - 3.17 - - 

RATS £25,476 £394 3.19 0.02  £18,597 

ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life-year; RATS: robotic assisted thoracic surgery; 
VATS: video-assisted thoracoscopic surgery 

 

 Sensitivity analysis 

A series of deterministic sensitivity analyses were conducted, whereby an input parameter is 
changed, the model is re-run, and the new cost-effectiveness result is recorded. This is a useful 
way of estimating uncertainty and determining the key drivers of the model result. The results of 
the deterministic sensitivity analyses are presented in Table 9, which shows the ICER result (cost 
per QALY) for a range of different modelled scenarios.  

The results show that the model was sensitive to variations in key input parameters. In 
particular, RATS was found to be cost effective when alternative values were applied for 
postoperative complications, health state utilities and costs. RATS was also found to be cost 
effective in a scenario in which the modelled time horizon was extended to 10 years. However, this 
result should be interpreted with some caution as it involved extending beyond the time horizon 
covered by the studies informing survival and disease-free survival estimates. Moreover, survival 
estimates from these studies are relatively high in the five-year period covered by the studies. 
Therefore, extrapolating them to ten years runs the risk of survival being substantially 
overestimated in the analysis.   
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Table A6.9. Results of deterministic sensitivity analysis 

Modelled scenario ICER (cost per QALY) 

Base case £38,509 

Time horizon extended to 10-years £1,161 

Health state costs increased by 50% £28,801 

Health state costs doubled £19,094 

Health state costs decreased by 50% £48,216 

No health state costs £57,924 

Health state utilities increased by 50% £25,673 

Health state utilities doubled £19,254 

Health state utilities decreased by 50% £77,018 

No health state utilities RATS dominated 

Postoperative benefits with RATS included (from Shanahan et al. 2022) £18,956 

Number of procedures per year = 500 £45,478 

Number of procedures per year = 800 £35,397 

ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life-year; RATS: robotic assisted thoracic surgery; 
VATS: video-assisted thoracoscopic surgery; HR: hazard ratio; QoL: quality of life 
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