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Introduction

The use of robot-assisted surgery (RAS) has rap-
idly increased since the beginning of the 2000s.1–5 
Since the introduction of da Vinci instrumenta-
tion in 2001,6 the number of RAS procedures has 
increased exponentially, for example, eight-fold 
in Michigan from 2012 to 2017.3 Among 15,576 
elective proctectomies during 2009–2015, the 
percentage of robotic-assisted proctectomies 
increased from 2% to 22%.7 The increase in use 
has been even more pronounced in surgery for 

inguinal hernia.3 The number of publications on 
RAS indexed on PubMed was less than 10 each 
year before 2000 but more than 700 after 2017.6

A major upside of robotic surgery is the 
increased dexterity of the laparoscopic instru-
ments, allowing for more complicated move-
ments and dissection. Its main advantages are 
better orientation in the three-dimensional image 
of the operating area and better manual precision 
and ergonomics for the surgeon.8 The benefits 
are most significant when operating in narrow 
spaces. However, investment and operating costs 
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are high, and there is still uncertainty regarding its clinical 
results as well as its cost-effectiveness. The first two decades 
of RAS have been dominated by a single surgical robotic 
company which is currently facing increased competition.

As resources are scarce, there is always a need to prioritize 
between treatments in healthcare. Prioritization in healthcare 
should evidently be based on the effect of the treatment but also 
include cost-effectiveness as a criterion. This is because there 
always is an opportunity cost when resources are used, that is, 
the same resources cannot be used for an alternative treatment.9

The purpose of this paper was to undertake a narrative 
review to evaluate clinical experiences and cost-effectiveness 
when using RAS compared to laparoscopic surgery (LS) or 
open surgery (OS) in pelvic and renal surgery.

Methods

The selection criteria (PICO Patient group, Intervention, 
Comparator, Outcomes) used in the literature search strate-
gies are shown in Table 1. A narrative review was carried out 
in line with PRISMA.10

The results of a search in PubMed of publications until 
March 7, 2021, were published in Swedish.11 These results 
were used as a publication base and supplemented with a new 
literature search in PubMed covering the entire year 2021 and 
the year 2022 until August 23. These additional publications 
were assessed according to title and abstract by two inde-
pendent reviewers in parallel and selected according to the 
PICO presented. Publications selected by at least one reviewer 
were retrieved in full text for further assessment. 
Disagreements were discussed until a consensus was reached. 
Each reviewer independently critically appraised the risk of 
bias in the studies, and discrepancies were discussed until a 
consensus was reached.

Results

The updated search in 2022 found 357 additional publica-
tions. Sixty-one publications selected by at least one reviewer 
were retrieved in full text for further assessment. Thirty pub-
lications in addition to the ones included in our earlier 2022 
study11 were included in the present study.

Clinical findings

Gynecological surgery.  A Cochrane report,12 published in 
2019, based on 1016 patients from 12 randomized and con-
trolled trials (RCTs), concluded that it was difficult to state 
that complications occurred less frequently with RAS com-
pared with conventional LS due to the studies being primarily 
of low quality. Compared with OS, RAS had a 46-min longer 
operating time, but the stay in the hospital was 2 days shorter. 
Survival data were not presented.

A systematic review published in 2021 regarding early 
cervical cancer showed that minimally invasive (RAS and 
LS) hysterectomy was associated with reduced intraoperative 
morbidity, lower blood loss, and improved convalescence 
compared with OS.13 Another systematic review in 2021 
comparing RAS with LS for various gynecological opera-
tions found a decrease in hospital stay after RAS.14

In studies of tissue damage and markers for inflammatory 
response,15,16 the perioperative cortisol levels were lower dur-
ing hysterectomy with RAS than during OS, and recovery 
was faster after RAS than after OS.

A population-based retrospective study from 2021 with 
more than 5000 patients with endometrial cancer showed that 
postoperative complications, hospital stay, and costs were 
more favorable after RAS and LS than after OS.17

Randomized studies regarding postoperative complica-
tions after removing lymph nodes have compared robot-
assisted hysterectomy with OS without detecting any 
differences. The quality of life (QoL) after 12 months was 
also examined in the same 113 patient cohorts without 
showing any difference between the two types of sur-
gery.18,19 In other studies, recovery after hysterectomy due 
to early endometrial cancer was 2 weeks shorter after RAS 
compared to after OS, while pain relief and duration of care 
did not differ.20,21 Another study published in 2018, com-
pared RAS or LS with open radical hysterectomy for cervix 
cancer in a total of 536 patients. There was no difference 
regarding complications during or after the operation when 
comparing the surgical methods. However, RAS was not 
reported separately.22

One RCT from the United States in 201923 included 319 
patients with cervix cancer in the minimal-invasive group 
(LS n = 269, RAS n = 50) and 312 in the OS group. The risk 
of recurrence after LS or RAS was four times higher, and 
the risk of death was six times higher than after OS. In the 

Table 1.  Selection criteria of accepted studies (PICO).

Patient group Intervention Comparator Outcomes

Patients in need of pelvic or renal surgery Robot-assisted surgery Laparoscopic or open surgery Complications (bleeding, infections, reoperations)
Operation time
Length of stay
Quality of life
Costs
Cost-effectiveness
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minimally invasive group, where LS dominated (84%), 
recurrence and death were significantly more common 
(71% higher risk) than in OS. The study was discontinued 
after 4.5 years when 96.5% of the patients in the group 
who underwent OS were alive compared with 86.0% after 
LS or RAS. This difference could not be explained by dif-
ferences in tumor stage or by the experience of the operat-
ing surgeons.

A review article from 202024 reported survival in 9499 
patients, of whom 51% underwent open hysterectomy, and 
the remainder underwent RAS or LS (RAS n = 2675, LS 
n = 2009). If concluded that among patients undergoing radi-
cal hysterectomy for early-stage cervical cancer, minimally 
invasive radical hysterectomy was associated with an ele-
vated risk of recurrence and death compared with open 
surgery.

A systematic review of early-stage cervix cancer, based on 
39 nonrandomized studies and one RCT, showed that LS and 
RAS were associated with a higher risk of intraoperative 
complications compared to open surgery but with a lower fre-
quency of postoperative complications.25 More recently, a 
narrative literature review showed that minimally invasive 
surgery was associated with statistically significant lower 
survival.26

In hysterectomy, the operation time has been reported to 
be approximately 1 h longer for RAS than for LS, published 
in 2018.27 The learning curve for RAS was, however, not 
analyzed.

The findings regarding gynecological surgery are con-
cluded in Table 2.

Prostate cancer.  A Cochrane report from 201728 based on 
two RCTs with 446 patients operated for cancer of the pros-
tate using either RAS, LS, or OS, with reported outcomes 
after 3 months. No account was taken for the surgeons’ 
experience with the three interventions. The hospital stay 
was shorter, and the need for transfusion was lower after 
RAS. Still, there were no differences in postoperative com-
plications, mortality, oncological outcome, or QoL related 
to the urinary tract or recovery of sexual function.28

One RCT published in 2021 comprising 782 patients com-
pared open radical prostatectomy with either RAS or LS. At 
3 months, postoperative urinary continence occurred in 54% 
after RAS and 46% after LS (p = 0.027). RAS had a signifi-
cant benefit regarding early recovery of potency. The onco-
logical and morbidity outcomes were similar.29

In a systematic review and meta-analysis published in 
2017,30 two RCTs and 28 observational studies were ana-
lyzed regarding biochemical recurrence after RAS and LS 
respectively. There were no differences in microscopic radi-
cality. The risks of biochemical recurrence, postoperative 
complications, and urinary incontinence were lower after 
RAS, and the potency was better.

In an RCT from Australia published in 2018,31 RAS 
(n = 150) was compared with open retropubic prostatectomy 
(n = 146). After 24 months, the patient groups had no differ-
ences in functional results. In another review from 201632 
based on 61 included observational studies, there was no dif-
ference in the radicality at microscopic examination. Still, the 
finding was that RAS led to fewer complications and less risk 
of incontinence and impotence.

The findings regarding prostate cancer are concluded in 
Table 2.

Cancer of the urinary bladder.  A multinational randomized 
non-inferiority study (RAZOR, n = 302) investigated the 
oncological outcome after cystectomy with RAS or OS in 
cancer of the urinary bladder.33–35 Follow-up after 2 and 
3 years showed no differences in mortality, recurrence, or 
QoL.33 In a meta-analysis from 2019 including 10 studies (of 
which two were randomized),36 RAS resulted in shorter time 
in hospital, fewer postoperative complications, more lymph 
nodes in surgical specimens and lower mortality. In two other 
systematic reviews,37,38 there were no differences between 
RAS, LS, or OS in terms of radicality, complications, and 
QoL. For RAS, the operation time was longer, the bleeding 
less and the time in the hospital shorter.

Vejlgaard et al.39 reported no difference in QoL between 
RAS, LS, and OS. In addition, a recently published RCT40 
with 169 patients treated with RAS and the same number 

Table 2.  Schematic summary of the pros and cons of robot-assisted surgery in pelvic and renal surgery.

Organ source Efficacy Complications Length of stay Conversion risk Operation 
time

Ergonomic Total costs

Endometrium = = + + = + −

Cervix − = + + = + −

Rectum = = = + − + −

Prostate = = = = − + −

Urinary bladder = + + = − + −

Kidney = + + + − + −

+ Pros, – Cons, = Similar
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with OS showed a significant increase in days alive after 
RAS.

A randomized study of cystectomy published in 2015 
compared RAS (n = 60) with OS (n = 58). There was no dif-
ference in perioperative complications, and the duration of 
treatment was 8 days for both types of surgery. The RAS 
group had a longer operating time but less bleeding. In a later 
study reporting 2–6 years follow-up, there was no difference 
in recurrence or cancer-specific mortality.41,42

Another systematic review based on five RCTs and 49 
observational studies compared the incidence of complica-
tions over 90 days between RAS (n = 6500) and OS 
(n = 23,197). Generally, the operation times were longer (61–
127 min) in robot-assisted cystectomy compared with 
OS.32,36,37,42–44 The presence of all severe complications did 
not differ between the two groups, but postoperative mortal-
ity was lower in the robot group, operation time was longer, 
mild complications were fewer, and hospital time shorter.45 
Another RCT from Italy reported lower perioperative trans-
fusion rates in RAS compared with OS. Perioperative com-
plications, hospital stay and QoL were considered comparable 
between the groups.46

The current literature does not support differences between 
RAS, LS, and OS. The findings regarding cancer of the uri-
nary bladder are concluded in Table 2.

Rectal cancer.  ROLARR is a large multinational, rand-
omized study published in 201747 comparing RAS (n = 237) 
with LS (n = 234) for conversion to OS in rectal cancer. The 
responsible surgeon had performed at least ten operations to 
include patients in the study. Conversion occurred in 8.1% in 
RAS and 12.2% in LS, a nonsignificant difference. In addi-
tion, there was no difference in microscopic radicality or 
postoperative complications. The study showed no advan-
tages for RAS in rectal cancer over LS.47 The learning effect 
can be a disruptive factor in randomized trials. When this 
was corrected in a follow-up study, it was shown that RAS 
reduced the risk of conversion.48

In a randomized study from South Korea published in 
2018, radicality in the surgical specimen after RAS (n = 73) 
was compared with LS (n = 66) for rectal cancer. There was 
no difference between the groups regarding radicality to the 
sides, resection margin, or the number of lymph nodes in the 
surgical specimens. Nor were there any differences in com-
plications, postoperative bowel function, or QoL. The opera-
tion time for RAS was almost 2 h longer (339 vs 228 min), 
but the bleeding was less (50 vs 100 mL). After 12 months, 
sexual function was better in the group operated on with 
RAS.49

A systematic review from 2019 of rectal cancer surgery 
that included eight randomized studies with 1305 patients 
analyzed the need for conversion to open surgery and onco-
logical outcome. At RAS, 5.7% were converted to OS, and at 
LS, 11.9%, which was a significant difference. The operation 
time was shorter in LS.50

A controlled study from Denmark compared the need for 
analgesic treatment during and after surgery for rectal cancer 
using RAS (n = 26) or LS (n = 25). The use of opioids was less 
using RAS (p = 0.001). After the operation, however, there 
was no difference between the groups in need for pain relief, 
despite a significant difference in conversion to OS (1 vs 10 
patients). The operating times did not differ.51

In a systematic review and meta-analysis from 2018 based 
on 334 RAS and 317 LS for rectal cancer, there were no obvi-
ous differences in primary oncological results. The conver-
sion rate was lower after RAS, but the operation time was 
more extended.52 Another review from 2019 based on 17 sys-
tematic reviews reported a lower conversion rate after RAS, 
and no other certain differences.53

The findings regarding rectal cancer are concluded in 
Table 2.

Renal cancer.  In a systematic review published in 2019 based 
on 34 studies of partial nephrectomy, 19,638 patients operated 
with RAS were compared with 41,170 who underwent OS. 
RAS resulted in less bleeding, fewer postoperative complica-
tions, shorter hospital stays, and fewer readmissions.54

A retrospective case study with matched groups (n = 52 × 
2) compared RAS with OS in partial nephrectomy. The oper-
ation time for RAS was 174 min (130–210), and for OS, 
120 min (100–140). Postoperative complications occurred in 
8% after RAS and 21% after OS.55

A retrospective multi-center study of nephrectomy evalu-
ated 404 patients operated on with RAS and 537 patients with 
LS. The RAS group had a longer operation time but a shorter 
period of stay in the hospital.56 In another multi-center study 
comparing surgical procedures for tumors larger than 7 cm (T 
2), no difference was found in oncological outcomes meas-
ured as 5-year survival.57

The findings regarding renal cancer are concluded in 
Table 2.

Cost-effectiveness findings

Several of the included studies investigated the costs or cost-
effectiveness of RAS as a primary endpoint or in secondary 
analyses. Most such studies show that costs increase with 
RAS, although it has also been reported that a shorter hospital 
stay partly compensates for this.58–61

Bai et al.58 performed a systematic review, published in 
2022, with the incremental cost-effectiveness ratio as the 
outcome of interest. It included 31 studies where most of 
them (81%) found that RAS was cost-effective compared 
with OS for prostatectomy using a long-time horizon 
(10 years or lifetime). Inconsistent evidence was found for 
the cost-effectiveness of RAS versus LS and (chemo)
radiotherapy.

An analysis of perioperative outcomes and hospitalization 
cost for treatment of benign prostatic hyperplasia after OS 
and RAS were presented by Bhanvadia et  al.62 RAS had 
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significantly less perioperative complication rates with 
shorter LOS and likely discharge to home. However, total 
hospitalization costs remained higher. In their cost model, it 
was found that the length of stay would need to be 3–4 days 
shorter with RAS to offset the surgical costs of the robot.

A simulation model for the estimation of the cost-effec-
tiveness of RAS compared with OS and LS was created by 
Faria et  al.63 The model was used for the simulation of a 
20-year horizon. RAS was more expensive but more effective 
than both OS and LS. It was concluded that RAS is cost-
effective even when considering willingness-to-pay thresh-
olds lower than the traditionally used ones.

Kosa et  al.64 made a prospective comparison of costs 
between RAS, LS, and OS in endometrial cancer in women 
with severe obesity. There was no difference in overall costs 
between the three surgical modalities in patients with 
BMI ⩾ 40.

Labban et  al.65 created a simulation model in which 
65-year-old men who underwent radical prostatectomy for 
localized prostate cancer were followed up for 10 years after 
either RAS, OS, or LS. They found that RAS has an incre-
mental cost-effectiveness ratio lower than the willingness-to-
pay threshold for patients with localized prostate cancer in 
the UK. Thus, it is a cost-effective surgical treatment option 
compared to OS and LS.

In a study from the Netherlands in 2022, RAS was cost-
effective compared to LS based on data from a population-
based study after 7 years of follow-up.66 The cost-effectiveness 
of OS, LS, and RAS approaches to proctectomy from societal 
and healthcare system perspectives by Simianu et al.67 using 
a decision-analytic model. The major factors influencing 
cost-effectiveness were the operative cost and the postopera-
tive length of stay. LS was the most cost-effective approach. 
RAS was cost-effective if modest differences in costs or post-
operative length of stay could be achieved.

A study from Sweden on hysterectomy68 reported that 
RAS entails similar costs as LS if the robot’s purchase cost is 
not included. The cost increase was a total of about 20%. 
Higher purchase and maintenance costs and longer operating 
times mean that RAS is less cost-effective than LS or OS.

The market for equipment for robot-assisted surgery is 
increasingly competitive as new manufacturers enter. 
Competition in a free market is known to increase cost-effec-
tiveness and stimulate innovations, both ultimately benefiting 
the patients.

Ergonomics

RAS has ergonomic benefits and reduces workload compared 
to LS or OS.69 Operating surgeons have lower estimated 
physical exertion at RAS compared to OS,70 less pain at RAS 
compared to LS or OS in radical prostatectomy,71 and less 
exertion at RAS compared to LS in gynecological surgery.72 
RAS also stimulates a two-handedness,73 an ergonomic 
advantage. However, some surgeons also indicate increased 

physical exertion associated with RAS requiring ergonomic 
adjustments and/or frequent breaks.74

Discussion

Recent studies indicate that RAS is not inferior to LS or OS 
regarding oncologic or functional outcomes. However, one 
exception may be following operations for uterine cervical 
cancer, where survival after LS and RAS may not be as good 
as after OS. After RAS, there is less bleeding and the need for 
blood transfusion after RAS, and postoperative complica-
tions are similar to OS or LS. Furthermore, RAS offers ergo-
nomic advantages compared to LS.

Baek et al.75 reported that learning of RAS is shorter than 
for LS and OS. A publication from China states that the learn-
ing time for robot-assisted cystectomy is 50–110 proce-
dures.43 However, the effect of the surgical learning curve is 
not sufficiently studied, which probably has affected the 
results of RAS, as other studies have shown that the experi-
ence of the operating surgeons with RAS may have been less 
than at LS and OS.

The operation time is longer with RAS than with LS or 
OS,21,29–39,41,45 with risks of delaying and canceling other 
operations.76 It is rarely detailed whether preparation and set-
tlement time in the operation theater is included in the opera-
tion time. However, one study has shown that the operation 
time of prostatectomy was shorter after RAS than OS.30

Complications were less common in RAS for cancer of 
the urinary bladder, but for other cancers, no difference was 
seen.36,45,54,77 LOS appears to be shorter after gynecological 
operations and cystectomy, but there was no difference after 
rectum or prostate cancer. The risk of conversion to open 
surgery in rectal cancer surgery is less in RAS than in 
LS.48,52,53 The QoL did not differ between the operation 
types.18,19,28 Studies show ergonomic benefits and reduced 
workload at RAS compared to the LS or OS.69–74 RAS leads 
through structural rationalization to centralizing specific 
surgical procedures, which may risk unequal access to such 
interventions.

The findings of all the presented studies are summarized 
in Table 2. In this table, the symbol “+” indicates a mainly 
positive relative outcome of RAS compared to LS or OS, 
while “−“ indicates a mainly negative relative outcome. 
However, these pros and cons are not suitable to be combined 
into a summary index, guiding decision-makers on what to 
do. Instead, it should be interpreted as the current best infor-
mation about these aspects without data about their impor-
tance in specific decisions.

Minimally invasive surgery (RAS or LS) has been found 
to have several advantages compared to OS. RAS results in 
prolonged operation times compared to LS, but the risk of 
conversion to OS is less than for LS, except in prostate and 
urinary bladder cancer surgery. The oncological outcome for 
rectal and urologic cancer and renal cancer has been found 
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not to differ except for cancer of the cervix, where OS seems 
to be favorable. Postoperative complications occur less often 
after RAS in cancer of the urinary bladder and the kidneys 
but are similar in other forms of cancer.

LOS has been shorter for RAS and equal for rectal and 
prostate cancer in most cancer types. The risk of conversion 
to OS is less for RAS than for LS, except in cancer surgery 
of the prostate and urinary bladder. The overall operation 
time is longer for RAS. This may, however, decrease as more 
centers gain extensive experience in robotic-assisted sur-
gery. A serious drawback is that long-term follow-up studies 
are lacking.

Ergonomically, RAS is more favorable than LS and OS in 
all types of operations reported here. The costs for RAS have 
been shown to be higher. However, recent studies imply that 
they are approaching LS and OS due to decreasing invest-
ment costs and shorter LOS.

In summary, this review of current literature shows that 
complications and functional and oncological outcomes after 
RAS are similar to OS or LS. An exception may be the 
removal of the uterus in the case of cervical cancer. RAS is 
associated with the more extended operation when prepara-
tion and settlement time are appropriately included. RAS’s 
cost-effectiveness is likely to equal or surpass OS and LS 
with decreased investment costs, more effective preparation 
of the operating theater before surgery, and increased surgeon 
experience.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Thomas Davidson  https://orcid.org/0000-0002-9393-2573

References

	 1.	 Konstantinidis IT, Ituarte P, Woo Y et al: Trends and outcomes 
of robotic surgery for gastrointestinal (GI) cancers in the USA: 
Maintaining perioperative and oncologic safety. Surg Endosc 
2020;34(11):4932–4942.

	 2.	 Liu R, Liu Q, Wang Z. Worldwide diffusion of robotic approach 
in general surgery. Updates Surg 2021;73(3):795–797.

	 3.	 Sheetz KH, Claflin J, Dimick JB. Trends in the adoption of 
robotic surgery for common surgical procedures. JAMA Netw 
Open 2020;3(1):e1918911.

	 4.	 Sheetz KH, Dimick JB: Issues in the adoption of robotic sur-
gery-reply. JAMA 2019;322(14):1414–1415.

	 5.	 Stewart CL, Ituarte PHG, Melstrom KA et al: Robotic surgery 
trends in general surgical oncology from the national inpatient 
sample. Surg Endosc 2019;33(8):2591–2601.

	 6.	 Dunn D: Robotic-assisted surgery: A brief history to under-
stand today’s practices. AORN J 2022;115(3):217–221.

	 7.	 Justiniano CF, Becerra AZ, Loria A et al: Is robotic utilization 
associated with increased minimally invasive colorectal surgery 
rates? Surgeon-level evidence. Surg Endosc 2022;36(8):5618–
5626.

	 8.	 Moorthy K, Munz Y, Dosis A et  al: Dexterity enhancement 
with robotic surgery. Surg Endosc 2004;18(5):790–795.

	 9.	 Drummond M, Sculpher M, Claxton K et al: Methods for the 
Economic Evaluation of Health Care Programmes, 4th ed. 
Oxford University Press, Oxford, 2015.

	10.	 Moher D, Liberati A, Tetzlaff J et al: Preferred reporting items 
for systematic reviews and meta-analyses: The PRISMA state-
ment. BMJ 2009;339:b2535.

	11.	 Sjodahl R, Davidson T, Aldman A et  al: [Robotic—assisted 
pelvic and renal surgery—an overview]. Lakartidningen 
2022;119:21172.

	12.	 Lawrie TA, Liu H, Lu D et al: Robot-assisted surgery in gynae-
cology. Cochrane Database Syst Rev 2019;4:CD011422.

	13.	 Kampers J, Gerhardt E, Sibbertsen P et al: Protective operative 
techniques in radical hysterectomy in early cervical carcinoma 
and their influence on disease-free and overall survival: A sys-
tematic review and meta-analysis of risk groups. Arch Gynecol 
Obstet 2021;304(3):577–587.

	14.	 Marchand G, Taher Masoud A, Ware K et  al: Systematic 
review and meta-analysis of all randomized controlled trials 
comparing gynecologic laparoscopic procedures with and 
without robotic assistance. Eur J Obstet Gynecol Reprod Biol 
2021;265:30–38.

	15.	 Lundin ES, Wodlin NB, Nilsson L et  al: Markers of tissue 
damage and inflammation after robotic and abdominal hyster-
ectomy in early endometrial cancer: A randomised controlled 
trial. Sci Rep 2020;10(1):7226.

	16.	 Wijk L, Nilsson K, Ljungqvist O: Metabolic and inflammatory 
responses and subsequent recovery in robotic versus abdomi-
nal hysterectomy: A randomised controlled study. Clin Nutr 
2018;37(1):99–106.

	17.	 Eoh KJ, Nam EJ, Kim SW et  al: Nationwide comparison of 
surgical and oncologic outcomes in endometrial cancer patients 
undergoing robotic, laparoscopic, and open surgery: A popu-
lation-based cohort study. Cancer Res Treat 2021;53(2):549–
557.

	18.	 Salehi S, Åvall-Lundqvist E, Brandberg Y et al: Lymphedema, 
serious adverse events, and imaging 1 year after comprehen-
sive staging for endometrial cancer: Results from the RASHEC 
trial. Int J Gynecol Cancer 2019;29(1):86–93.

	19.	 Salehi S, Åvall-Lundqvist E, Legerstam B et al: Robot-assisted 
laparoscopy versus laparotomy for infrarenal paraaortic lym-
phadenectomy in women with high-risk endometrial cancer: A 
randomised controlled trial. Eur J Cancer 2017;79:81–89.

	20.	 Lundin ES, Carlsson P, Wodlin NB et al: Cost-effectiveness of 
robotic hysterectomy versus abdominal hysterectomy in early 
endometrial cancer. Int J Gynecol Cancer 2020;30(11):1719–
1725.

	21.	 Lundin ES, Wodlin NB, Nilsson L et al: A prospective rand-
omized assessment of quality of life between open and robotic 
hysterectomy in early endometrial cancer. Int J Gynecol 
Cancer. Epub ahead of print 28 March 2019. DOI: 10.1136/
ijgc-2019-000285.

https://orcid.org/0000-0002-9393-2573


Davidson et al.	 7

	22.	 Obermair A, Asher R, Pareja R et  al: Incidence of adverse 
events in minimally invasive vs open radical hysterectomy in 
early cervical cancer: Results of a randomized controlled trial. 
Am J Obstet Gynecol 2020;222(3):249.e1–249.e10.

	23.	 Ramirez PT, Frumovitz M, Pareja R et al: Minimally invasive 
versus abdominal radical hysterectomy for cervical cancer. N 
Engl J Med 2018;379(20):1895–1904.

	24.	 Nitecki R, Ramirez PT, Frumovitz M et al: Survival after mini-
mally invasive vs open radical hysterectomy for early-stage 
cervical cancer: A systematic review and meta-analysis. JAMA 
Oncol 2020;6(7):1019–1027.

	25.	 Li Y, Kong Q, Wei H et al: Comparison of the complications 
between minimally invasive surgery and open surgical treat-
ments for early-stage cervical cancer: A systematic review and 
meta-analysis. PLoS ONE 2021;16(7):e0253143.

	26.	 Touhami O, Plante M: Minimally invasive surgery for cervical 
cancer in light of the LACC trial: What have we learned? Curr 
Oncol 2022;29(2):1093–1106.

	27.	 Silva ESA, de Carvalho JPM, Anton C et al: Introduction of 
robotic surgery for endometrial cancer into a Brazilian can-
cer service: A randomized trial evaluating perioperative clini-
cal outcomes and costs. Clinics (Sao Paulo) 2018;73(Suppl. 
1):e522s.

	28.	 Ilic D, Evans SM, Allan CA et al: Laparoscopic and robotic-
assisted versus open radical prostatectomy for the treatment 
of localised prostate cancer. Cochrane Database Syst Rev 
2017;9:CD009625.

	29.	 Stolzenburg JU, Holze S, Neuhaus P et  al: Robotic-assisted 
versus laparoscopic surgery: Outcomes from the first multi-
centre, randomised, patient-blinded controlled trial in radical 
prostatectomy (LAP-01). Eur Urol 2021;79(6):750–759.

	30.	 Lee SH, Seo HJ, Lee NR et al: Robot-assisted radical prosta-
tectomy has lower biochemical recurrence than laparoscopic 
radical prostatectomy: Systematic review and meta-analysis. 
Investig Clin Urol 2017;58(3):152–163.

	31.	 Coughlin GD, Yaxley JW, Chambers SK et al: Robot-assisted 
laparoscopic prostatectomy versus open radical retropubic 
prostatectomy: 24-month outcomes from a randomised con-
trolled study. Lancet Oncol 2018;19(8):1051–1060.

	32.	 Seo HJ, Lee NR, Son SK et al: Comparison of robot-assisted 
radical prostatectomy and open radical prostatectomy out-
comes: A systematic review and meta-analysis. Yonsei Med J 
2016;57(5):1165–1177.

	33.	 Becerra MF, Venkatramani V, Reis IM et  al: Health related 
quality of life of patients with bladder cancer in the RAZOR 
trial: A multi-institutional randomized trial comparing robot 
versus open radical cystectomy. J Urol 2020;204(3):450–459.

	34.	 Parekh DJ, Reis IM, Castle EP et  al: Robot-assisted radical 
cystectomy versus open radical cystectomy in patients with 
bladder cancer (RAZOR): An open-label, randomised, phase 3, 
non-inferiority trial. Lancet 2018;391(10139):2525–2536.

	35.	 Venkatramani V, Reis IM, Castle EP et al: Predictors of recur-
rence, and progression-free and overall survival following open 
versus robotic radical cystectomy: Analysis from the RAZOR 
trial with a 3-year followup. J Urol 2020;203(3):522–529.

	36.	 Sathianathen NJ, Kalapara A, Frydenberg M et  al: Robotic 
assisted radical cystectomy vs open radical cystectomy: 
Systematic review and meta-analysis. J Urol 2019;201(4):715–
720.

	37.	 Fonseka T, Ahmed K, Froghi S et al: Comparing robotic, lapa-
roscopic and open cystectomy: A systematic review and meta-
analysis. Arch Ital Urol Androl 2015;87(1):41–48.

	38.	 Iwata T, Kimura S, Foerster B et al: Oncologic outcomes after 
robot-assisted versus open radical cystectomy: A systematic 
review and meta-analysis. World J Urol 2019;37(8):1557–
1570.

	39.	 Vejlgaard M, Maibom SL, Joensen UN et al: Quality of life and 
secondary outcomes for open versus robot-assisted radical cys-
tectomy: A double-blinded, randomised feasibility trial. World 
J Urol 2022;40(7):1669–1677.

	40.	 Catto JWF, Khetrapal P, Ambler G et al: Effect of robot-assisted 
radical cystectomy vs open radical cystectomy on 90-day mor-
bidity and mortality among patients with bladder cancer-reply. 
JAMA 2022;328(12):1258–1259.

	41.	 Bochner BH, Dalbagni G, Marzouk KH et al: Randomized trial 
comparing open radical cystectomy and robot-assisted lapa-
roscopic radical cystectomy: Oncologic outcomes. Eur Urol 
2018;74(4):465–471.

	42.	 Bochner BH, Dalbagni G, Sjoberg DD et  al: Comparing 
open radical cystectomy and robot-assisted laparoscopic 
radical cystectomy: A randomized clinical trial. Eur Urol 
2015;67(6):1042–1050.

	43.	 Shen Z, Sun Z: Systematic review and meta-analysis of 
randomised trials of perioperative outcomes comparing 
robot-assisted versus open radical cystectomy. BMC Urol 
2016;16(1):59.

	44.	 Son SK, Lee NR, Kang SH et al: Safety and effectiveness of 
robot-assisted versus open radical cystectomy for bladder can-
cer: A systematic review and meta-analysis. J Laparoendosc 
Adv Surg Tech A 2017;27(11):1109–1120.

	45.	 Tzelves L, Skolarikos A, Mourmouris P et  al: Does the use 
of a robot decrease the complication rate adherent to radical 
cystectomy? A systematic review and meta-analysis of stud-
ies comparing open with robotic counterparts. J Endourol 
2019;33(12):971–984.

	46.	 Mastroianni R, Ferriero M, Tuderti G et al: Open radical cys-
tectomy versus robot-assisted radical cystectomy with intra-
corporeal urinary diversion: Early outcomes of a single-center 
randomized controlled trial. J Urol 2022;207(5):982–992.

	47.	 Jayne D, Pigazzi A, Marshall H et al: Effect of robotic-assisted 
vs conventional laparoscopic surgery on risk of conversion 
to open laparotomy among patients undergoing resection for 
rectal cancer: The ROLARR randomized clinical trial. JAMA 
2017;318(16):1569–1580.

	48.	 Corrigan N, Marshall H, Croft J et al: Exploring and adjust-
ing for potential learning effects in ROLARR: A randomised 
controlled trial comparing robotic-assisted vs. standard 
laparoscopic surgery for rectal cancer resection. Trials 
2018;19(1):339.

	49.	 Kim HJ, Choi GS, Park JS et  al: The impact of robotic sur-
gery on quality of life, urinary and sexual function following 
total mesorectal excision for rectal cancer: A propensity score-
matched analysis with laparoscopic surgery. Colorectal Dis 
2018;20(5):O103–O113.

	50.	 Huang YJ, Kang YN, Huang YM et al: Effects of laparoscopic 
vs robotic-assisted mesorectal excision for rectal cancer: An 
update systematic review and meta-analysis of randomized 
controlled trials. Asian J Surg 2019;42(6):657–666.



8	 Scandinavian Journal of Surgery ﻿

	51.	 Tolstrup R, Funder JA, Lundbech L et  al: Perioperative pain 
after robot-assisted versus laparoscopic rectal resection. Int J 
Colorectal Dis 2018;33(3):285–289.

	52.	 Prete FP, Pezzolla A, Prete F et al: Robotic versus laparoscopic 
minimally invasive surgery for rectal cancer: A systematic 
review and meta-analysis of randomized controlled trials. Ann 
Surg 2018;267(6):1034–1046.

	53.	 Hoshino N, Sakamoto T, Hida K et  al: Robotic versus lapa-
roscopic surgery for rectal cancer: An overview of systematic 
reviews with quality assessment of current evidence. Surg 
Today 2019;49(7):556–570.

	54.	 Tsai SH, Tseng PT, Sherer BA et al: Open versus robotic partial 
nephrectomy: Systematic review and meta-analysis of contem-
porary studies. Int J Med Robot 2019;15(1):e1963.

	55.	 Borghesi M, Schiavina R, Chessa F et al: Retroperitoneal robot-
assisted versus open partial nephrectomy for cT1 renal tumors: 
A matched-pair comparison of perioperative and early oncolog-
ical outcomes. Clin Genitourin Cancer 2018;16(2):e391–e396.

	56.	 Anele UA, Marchioni M, Yang B et al: Robotic versus lapa-
roscopic radical nephrectomy: A large multi-institutional 
analysis (ROSULA Collaborative Group). World J Urol 
2019;37(11):2439–2450.

	57.	 Bradshaw AW, Autorino R, Simone G et  al: Robotic partial 
nephrectomy vs minimally invasive radical nephrectomy for 
clinical T2a renal mass: A propensity score-matched compari-
son from the ROSULA (robotic surgery for large renal mass) 
collaborative group. BJU Int 2020;126(1):114–123.

	58.	 Bai F, Li M, Han J et  al: More work is needed on cost-util-
ity analyses of robotic-assisted surgery. J Evid Based Med 
2022;15(2):77–96.

	59.	 Korsholm M, Sorensen J, Mogensen O et  al: A system-
atic review about costing methodology in robotic surgery: 
Evidence for low quality in most of the studies. Health Econ 
Rev 2018;8(1):21.

	60.	 Morii Y, Osawa T, Suzuki T et al: Cost comparison between open 
radical cystectomy, laparoscopic radical cystectomy, and robot-
assisted radical cystectomy for patients with bladder cancer: A 
systematic review of segmental costs. BMC Urol 2019;19(1):110.

	61.	 Tandogdu Z, Vale L, Fraser C et  al: A systematic review of 
economic evaluations of the use of robotic assisted laparoscopy 
in surgery compared with open or laparoscopic surgery. Appl 
Health Econ Health Policy 2015;13(5):457–467.

	62.	 Bhanvadia R, Ashbrook C, Bagrodia A et al: Population-based 
analysis of cost and peri-operative outcomes between open and 
robotic primary retroperitoneal lymph node dissection for germ 
cell tumors. World J Urol 2021;39(6):1977–1984.

	63.	 Faria EF, Rosim RP, de Matos Nogueira E et  al: Cost-
effectiveness analysis of robotic-assisted radical prostatectomy 

for localized prostate cancer from the Brazilian public system 
perspective. Value Health Reg Issues 2022;29:60–65.

	64.	 Kosa SD, Ferguson SE, Panzarella T et al: A prospective com-
parison of costs between robotics, laparoscopy, and laparotomy 
in endometrial cancer among women with class III obesity or 
higher. J Surg Oncol 2022;125(4):747–753.

	65.	 Labban M, Dasgupta P, Song C et  al: Cost-effectiveness of 
robotic-assisted radical prostatectomy for localized prostate 
cancer in the UK. JAMA Netw Open 2022;5(4):e225740.

	66.	 Lindenberg MA, Retel VP, van der Poel HG et  al: Cost-
utility analysis on robot-assisted and laparoscopic prosta-
tectomy based on long-term functional outcomes. Sci Rep 
2022;12(1):7658.

	67.	 Simianu VV, Curran T, Gaertner WB et al: A cost-effectiveness 
evaluation of surgical approaches to proctectomy. J Gastrointest 
Surg 2021;25(6):1512–1523.

	68.	 Lönnerfors C, Reynisson P, Persson J: A randomized trial 
comparing vaginal and laparoscopic hysterectomy vs robot-
assisted hysterectomy. J Minim Invasive Gynecol 2015;22(1): 
78–86.

	69.	 Wee IJY, Kuo LJ, Ngu JC. A systematic review of the true 
benefit of robotic surgery: Ergonomics. Int J Med Robot 
2020;16(4):e2113.

	70.	 Stewart C, Raoof M, Fong Y et al: Who is hurting? A prospec-
tive study of surgeon ergonomics. Surg Endosc 2022;36(1): 
292–299.

	71.	 Bagrodia A, Raman JD: Ergonomics considerations of radi-
cal prostatectomy: Physician perspective of open, laparo-
scopic, and robot-assisted techniques. J Endourol 2009;23(4): 
627–633.

	72.	 Dalsgaard T, Jensen MD, Hartwell D et al: Robotic surgery is 
less physically demanding than laparoscopic surgery: Paired 
cross sectional study. Ann Surg 2020;271(1):106–113.

	73.	 Choussein S, Srouji SS, Farland LV et al: Robotic assistance 
confers ambidexterity to laparoscopic surgeons. J Minim 
Invasive Gynecol 2018;25(1):76–83.

	74.	 Gabrielson AT, Clifton MM, Pavlovich CP et  al: Surgical 
ergonomics for urologists: A practical guide. Nat Rev Urol 
2021;18(3):160–169.

	75.	 Baek SJ, Piozzi GN, Kim SH: Optimizing outcomes of colo-
rectal cancer surgery with robotic platforms. Surg Oncol 
2021;37:101559.

	76.	 Achilli P, Grass F, Larson DW: Robotic surgery for rectal can-
cer as a platform to build on: Review of current evidence. Surg 
Today 2021;51(1):44–51.

	77.	 Tang B, Lei X, Ai J et al: Comparison of robotic and laparo-
scopic rectal cancer surgery: A meta-analysis of randomized 
controlled trials. World J Surg Oncol 2021;19(1):38.


