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Abstract: Pelvic exenteration surgery for locally advanced rectal cancers is a complex and extensive 
multivisceral operation, which is associated with high perioperative morbidity and mortality rates. 
Significant technical challenges may arise due to inadequate access, visualisation, and characteri-
sation of tissue planes and critical structures in the spatially constrained pelvis. Over the last two 
decades, robotic-assisted technologies have facilitated substantial advancements in the minimally 
invasive approach to total mesorectal excision (TME) for rectal cancers. Here, we review the 
emerging experience and evidence of robotic assistance in beyond TME multivisceral pelvic exen-
teration for locally advanced rectal cancers where heightened operative challenges and cumber-
some ergonomics are likely to be encountered. 
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1. Introduction 
It is well recognised that, for rectal cancers with a clear circumferential resection 

margin (CRM), defined as > 1 mm from the tumour tissue to the surgical radial margin, 
undertaking a total mesorectal excision (TME) incorporating the entire mesorectal enve-
lope is usually curative. CRM involvement is widely accepted as a strong independent 
prognostic factor negatively impacting long-term survival in colorectal cancers [1]. In 
locally advanced rectal cancer, where the tumour extends beyond the mesorectal enve-
lope, thereby involving the CRM or even direct contiguous invasion of the adjacent or-
gan(s), a multivisceral pelvic exenteration beyond conventional TME surgical planes (i.e., 
a beyond-TME resection) is required. Approximately 6–10% of all rectal cancers involve 
the adjacent organs at the time of diagnosis and would benefit from an en-bloc excision 
of both the tumour and its adjacent organs, i.e., pelvic exenteration surgery [2]. The aim 
of this article is to provide a comprehensive review on the recent developments in the 
field of robotic surgery in pelvic exenteration surgery for locally advanced rectal cancers 
with a specific focus on new innovations and emerging frontiers. 

2. Methods 
A literature search was conducted on MEDLINE (PubMed) and Embase using the 

following search terms: “robotic surgery” and “rectal cancer”. Case reports, 
cross-sectional studies, case–control studies, cohort studies, and randomized controlled 
trials (RCT) were considered for this narrative review. In addition to this, we 
hand-searched the reference lists of the selected articles and relevant reviews. 
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3. Pelvic Exenteration Surgery 
Pelvic exenteration was first described in 1948 by Brunschwig, and its use for colo-

rectal cancer was first described in 1959 by Butcher and Spjut [3]. It has long been asso-
ciated with a high complication and mortality rate, in part due to the technical difficulties 
associated with handling several organs within the confined pelvic space [4]. While 
originally intended as a palliative procedure, the practice of pelvic exenteration has sig-
nificantly evolved, such that the 5-year overall survival rate of patients undergoing pelvic 
exenteration for advanced pelvic malignancies now lies between 22 and 66% [2] vs. <5% 
in non-surgical management options [5]. This improvement of long-term outcomes has 
largely been attributable to better perioperative care combined with the development of 
improved surgical techniques, especially in the employment of minimally invasive tech-
niques, namely laparoscopic surgery. Whilst laparoscopic surgery is associated with less 
intraoperative blood loss, quicker recovery rates, less delayed bowel function, and 
shorter hospital lengths of stay compared to standard TME surgery [6], the approach 
encounters technical difficulties due to the complex nature of beyond TME pelvic dissec-
tion in multivisceral resections, and there is a compelling need for a more ergonomically 
and visually enhanced minimally invasive approach. 

4. Robotics in Pelvic Exenteration Surgery 
Nanayakkara et al. described the first robotic-assisted pelvic exenteration surgery 

for locally advanced rectal cancer in 2014 [7] using the da Vinci® surgical system, and, 
since then, there has been a steady increase in the number of case reports and series 
demonstrating its safety and feasibility in multivisceral resections for locally advanced 
and recurrent rectal cancers worldwide [8–14] (Table 1). The evidence suggests that sev-
eral generations of da Vinci robots have been used, with comparable operative time, 
blood loss, and complete oncological resection margins demonstrated between centres. 
The conversion rates were low, with just one reported case [12]. The postoperative com-
plication rates were low in most case series but were noted to be higher in larger-volume 
case series, reflecting the morbid nature of multivisceral pelvic exenterations. Utilising 
the 13-item Case Report (CARE) checklist for quality appraisal [15], the overall standards 
of case reports and series reported to date were high despite small but non-negligible 
omissions on follow-up and outcomes pertaining to R0 status and recurrence rates. Most 
studies did not report on the patient’s perspectives of their experiences and outcomes 
after having undergone pioneering surgery in their respective centres. 

Table 1. Original studies utilising da Vinci® Surgical System for multivisceral pelvic exenteration surgery for locally ad-
vanced including recurrent rectal cancers. 

Author, Year, Coun-
try n 

Robot 
Genera-

tion 
Type of Surgery 

Mean 
Operating 

Time 
(hours) 

Mean 
Blood 
Loss 
(mL) 

Perioperative 
Complications 

Mean 
ITU 
Stay 

(days) 

Mean 
Length of 

Stay 
(days) 

Resec-
tion 

Margin 
Status 
(R0) 

Recurrence 
Rates 

CARE 
Score, 

Incomplete 
Items 

Williams et al., 2021 
Australia [8] 

5 Si, Xi, S 

Robotic APER, cysto-
prostatectomy, ileal 

conduit formation (n = 
2); robotic APER and 
prostatectomy (n = 2); 
robotic ultralow AR 

colorectal anastomosis, 
prostatectomy, and 

loop ileostomy (n = 1) 

7.8 (3–11) 
520 

(150–
1000) 

Mortality (n = 
1). Small bowel 
obstruction and 
pneumonitis at 

31 days 
post-op. 

1 (1–1) 9 (6–34) 
4/5 

(80%) 

2/5 (40%) at 
21 and 24 
months 

12/13, IPP 

Smith et al., 2020, 
Australia [9] 

8 
Xi (n = 4) 
Si (n = 4) 

Robotic APER and 
prostatectomy (n = 3); 
robotic ultralow AR, 
TAHBSO, and partial 
vaginectomy (n = 2), 

8.5 (6–10) 

6 out of 
8 did not 
receive 
periop-
erative 

None 1 (0–3) 15 (7 to 26) 
8/8 

(100%) 

Dis-
ease-free at 
12 months 

12/13, IPP 
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robotic APER, cysto-
prostatectomy, ileal 

conduit formation (n = 
1); robotic ultralow AR, 
colorectal anastomosis, 

cystoprostatectomy, 
ileal conduit, and loop 
ileostomy (n = 1); ro-

botic low AR and 
prostatectomy (n = 1) 

transfu-
sion; 2 

out of 8 
received 
2 units 

Heah et al., 2020 
Singapore [10] 

3 S 

Robotic APER with 
en-bloc prostatectomy 
with vesico-urethral 
Anastomosis (n = 1); 

robotic 
ultra-low anterior re-
section with J-pouch 
coloanal anastomosis 

and en-bloc 
prostatectomy with 

vesico-urethral anas-
tomosis (n = 1); robotic 
anterior resection with 

en-bloc 
prostatectomy and 

defunctioning ileosto-
my (n = 1) 

N/A 
700 

(600–
800) 

None N/A 12.6 
2/3 

(67%) 
N/A 12/13, FUO 

Raj Kumar et al., 2020 
[11] 

India 
1 Si 

Robotic APER and 
prostatectomy 

9 750 None N/A N/A 
1/1 

(100%) 

Dis-
ease-free at 
6 months 

11/13, 
IPP and 

FUO 

Shin et al., 2016 
USA [12] 

22 N/A 

Robotic TME, inferior 
mesenteric, en bloc 

resection of 
prostate or peripros-
tatic tissue (seminal 

vesicle, vas deference) 
(n = 8); vaginal wall (n 
= 5); small bowel (n = 

3); bladder wall or 
pericystic soft tissue (n 

= 3); coccyx (n = 2); 
appendix (n = 2); uter-

us (n = 1) 

7 (5.5–8.5) * 
225 

(150–
350) * 

12/22 (52%) 
> 1 complica-
tion (n = 4); 

Pelvic abscess 
(n = 4); 

Wound infec-
tion (n = 3); 

Wound dehis-
cence (n = 1); 
UTI (n = 2); 

Haemorrhage 
(n = 1); Urinary 
retention (n = 

3); Urinary leak 
(n = 1); Ileus (n 

= 5). 
Re-admissions 

(n = 6); 
Re-operations 

(n = 3)  

N/A 4.5 (4–6) * 
22/22 

(100%) 

N/A for 
exentera-

tion group 
12/13, IPP 

Winters et al., 2015, 
USA [13] 

1 Si 
Robotic APER and 
cystoprostatectomy 

9.5 350 None 1 7 N/A N/A 
11/13, IPP 
and FUO  

Shin et al., 2013, 
South Korea [14] 

3 N/A 

Robotic ultralow AR, 
coloanal anastomosis, 
right hemicolectomy, 
prostatectomy, loop 

ileostomy (n = 1); Ro-
botic APER, partial 
cystoprostatectomy, 
vesico-urethral anas-

tomosis (n = 1); Robotic 
APER, cystoproatatec-

tomy, ileal conduit 
formation (n = 1) 

8.9 (8–9.7) 
530 

(300–
700) 

Vesico-urethral 
anastomotic 

leak at day 14 
post-op 

N/A 18 (8–28) 
2/3 

(66%) 

Disease at 
14 months 

(n = 1), N/A 
(n = 2) 

12/13, IPP 
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Nanayakkara et al., 
2014 UK [7] 

1 N/A 
Robotic APER, 

TAHBSO, posterior 
vaginectomy 

N/A N/A None N/A 8 
1/1 

(100%) 
N/A 

11/13, IPP 
and FUO 

ITU: Intensive care unit, AR: Anterior resection, APER: Abdominoperineal excision of the rectum, TAHBSO: Total ab-
dominal hysterectomy bilateral salpingoophorectomy, TME: Total mesorectal excision, UTI: Urinary tract infection, 
CARE checklist: CAse REport Statement and Checklist, IPP: Involvement of patient’s perspective, FUO: Follow-up and 
outcomes, * Data presented as median and interquartile range. 

The operative challenges in the pelvis are centred primarily on the surgeon’s ability 
to establish satisfactory retraction, light, and space for visualisation of tissue planes for 
safe dissection. In a spatially constrained pelvis, such as those with high body mass index 
and narrow pelvic inlet, the handling of tissues with standard laparoscopic instruments 
for purposeful retraction and for adequate visualisation of beyond-TME planes at depth 
with neighbouring critical structures is inherently limited. This undoubtedly presents 
multiple ergonomic difficulties for the surgeon, requiring persistent awkward body 
postures and prolonged static muscle loading, which, over time, leads to a high preva-
lence of occupational-related musculoskeletal disorders [16]. In the context of previous 
radical pelvic surgery and/or irradiated tissues where beyond-TME surgery is often 
performed, the loss of tissue planes and domains combined with radiation fibrosis ren-
ders the operative field more cumbersome even to the experienced eye. 

The robotic-assisted approach may be able to address some of these challenges 
through its stable operative platform that is integrated with enhanced three-dimensional 
(3D) visualisation and magnification to augment the surgeon’s depth of perception and 
clarity of vision in the pelvis, respectively. The operative workflow is delivered through 
mechatronically enhanced robotic Endo Wrists®, which provide enhanced articulation 
beyond the limits of human wrist movements and eliminates human hand tremors, thus 
facilitating superior operative dexterity with augmented precision for surgical dissection 
while preserving stable tissue retraction (Figure 1). The surgeon adopts a sitting posture 
in the robotic console, with adjustable settings of the viewer’s height and tilt, arm rest 
height, and the position of the pedal platform, collectively designed and demonstrated to 
improve the ergonomics of the operating surgeon when compared to laparoscopic sur-
gery [17]. It is worth noting that similar feasibility studies demonstrating the safety and 
the potential advantages of robotic-assisted pelvic exenteration have also been reported 
in other tumour groups, such as recurrent endometrial and cervical cancers. Whilst the 
biology of these tumour groups differs from that of colorectal, the operative challenges 
remain similar, often in the setting of previous radical pelvic surgery and irradiated tis-
sues with a significant loss of tissue domains, of which encouraging reports of perceived 
and projected benefits were comparable to those encountered in multivisceral resections 
for rectal cancers. 
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Figure 1. Images of da Vinci ® Surgical System being used in beyond-TME multivisceral pelvic exenteration surgery. (a) 
The da Vinci Xi robot dual console, which allows consultants to supervise trainees during live surgery; (b) EndoWrist® 
technology that allows fully wristed dexterity; (c) The articulated ends of robotic instruments; (d) Pelvic side wall fascia 
dissection using the robotic instruments with 3D augmentation; (e,f) Retropubic mobilisation of the bladder facilitated by 
its articulated ends; (g) Enhanced retraction of the rectum along its posterior wall; (h) Utility of the articulated ends in 
deep pelvic haemostasis. 
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At present, the plethora of evidence on robotic-assisted surgery for rectal cancer is 
centred on case series, non-randomised comparative studies, and a randomised con-
trolled trial comparing robotic assistance against laparoscopic surgery in 
non-beyond-TME settings, with reported benefits pertaining to less intraoperative blood 
loss, shorter length of hospital stay, and fewer conversions to open surgery, particularly 
in males [18]. Concurrent reports have also shown that robotic assistance prolongs the 
operative time and is more costly than conventional laparoscopic or open approaches, 
with no major short-term oncological benefits demonstrated so far. The exact role of ro-
botic assistance in standard TME surgery across public health services with escalating 
time- and cost -constraints remains to be seen. However, it is plausible to hypothesise 
that appropriately selected cases requiring beyond-TME multivisceral resections, among 
ergonomically challenging patient subtypes with high BMI and narrow male pelvis, are 
where the harvested benefits of robotic assistance are likely to be translated into onco-
logical and functional benefits, where considerable improvement is still warranted, 
therefore substantially justifying its operating time and associated costs. To this end, 
further prospective studies on safety, efficacy, and operative and short-term oncological 
outcomes comparing robotic assistance with laparoscopic and open pelvic exenteration 
surgery constitute the next immediate stage of research priorities. 

5. Training in Robotic Colorectal Surgery 
Over the last decade, it is encouraging to note that there have been reports of the 

successful integration of robotic colorectal training into residency programmes, notably 
in the United States, with 95% of its colorectal fellows having received basic robotic 
training. Elsewhere, Royal College-accredited robotic fellowships were introduced at 
high-volume centres in London and Portsmouth, United Kingdom, for trainees with ro-
botic subspecialty interests [19], and eight robotic host centres were established through 
the European Society of Coloproctology to provide operative exposure to standard col-
orectal procedures for pan-European trainees [20]. The quality of these training oppor-
tunities will be further enhanced following the recent development of a European-wide 
consensus on the standardization of robotic TME, which will provide a structured plat-
form for its competency-based training programme [21]. It is worth noting that most 
surgeons entering robotic training have had laparoscopic experience performing TME 
procedures and understanding the planes of dissection, which evidently leads to a 
shorter learning curve than those seen in the early years of laparoscopic TME adoption 
[22]. We envisage that a wider acquisition of robotic TME skills and experience with rel-
atively shorter learning curves will allow the more rapid establishment of a larger pool of 
proficient surgeons equipped with the armamentarium to develop its role and applica-
tions in beyond-TME pelvic exenteration surgery. 

6. Patient Safety Considerations 
Given the proximity of dissection to or involvement of critical neurovascular struc-

tures in the pelvis, the use of robotic assistance necessitates well-established protocols 
that enable immediate access to the patient in the event of an iatrogenic event leading to 
massive haemorrhage or cardiac arrest. The da Vinci® system can be undocked in less 
than 15 s when required, and emergency protocols for controlled and uncontrolled 
haemorrhage/cardiac arrest, with specific roles for each member of the operating team, 
are well established [23,24]. It is, therefore, essential that the whole operating team is 
familiar with these emergency protocols prior to embarking on robotic pelvic exentera-
tion surgeries. Although over 1.75 million robotic procedures have been performed since 
2003, there are low but non-negligible numbers of technical difficulties and complications 
still being experienced during procedures [25]. Whilst current robotic safety protocols 
have benefited from the lessons learnt from over a decade’s use in urological, gynaeco-
logical, and, more recently, TME surgery, we envisage that further modification of en-
hanced safety protocols and perioperative support is required in preparation for specific 
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high-risk stages of pelvic exenteration surgeries, such as when bony and vascular planes 
are entered. 

7. Limitations and Challenges in Robotic Surgery 
However, despite the various technical advantages of robotic surgery, one of its 

drawbacks is the loss of haptic feedback, which means that the surgeon has to rely heav-
ily on visual cues to steer tissue handling and manipulation. Whilst this is partly cir-
cumvented by immersive 3D visualisation, it is evident that pressure, vibration, or 
shearing forces are not always apparent, and this is occasionally seen during robotic su-
turing, where unintentional excessive tension applied by the robotic arms results in su-
ture breakage [23]. Despite this limitation, studies to date have demonstrate that robot-
ic-assisted TME surgery has a comparable safety profile to that of laparoscopic ap-
proaches [18], and early reports from robotic beyond-TME surgeries reported no signif-
icant iatrogenic complications [9,12]. Nevertheless, it is important that future research to 
elicit any conferred advantages from robotic haptic feedback enhancement takes into 
account the tactile properties of the multiple tissue planes and visceral interfaces en-
countered beyond-TME surgery and ascertains whether real-time tactile differentiation 
of these soft tissue entities confers more safer and complete oncological resections. 

The greatest criticism of robotic-assisted surgery is its huge cost, which has hindered 
its wider usage in healthcare systems across the world. The da Vinci® system comes with 
a high capital cost, ranging from GBP 1.5 m to GBP 2 m, with annual maintenance costs 
and additional robotic instruments costs to be considered. This is further compounded by 
its longer operating time, but, in the context of beyond TME surgery, the robotic docking 
time constitutes a relatively small proportion of the overall long operating time; there-
fore, its direct cost consequences should be insignificant. Based on the data from the 
ROLARR trial, robotic-assisted TME is projected to be at least GBP 1000 more costly than 
laparoscopic TME surgery [18]. However, in pelvic exenteration surgery, where there are 
higher average lengths of stay and complication and readmission rates, there is consid-
erable room for improvement. If robotic assistance can be shown to negate some of these 
aspects, significant cost savings could potentially be made. 

8. Future Directions 
Moving forward, evidently, more studies are required to generate robust data link-

ing the delicate interplay between perioperative factors to the overall cost of care and 
oncological outcome factors that underpin the establishment of its role in beyond-TME 
multivisceral pelvic exenteration surgery. Recent promising results from the utilisation of 
other new robotic platforms in colorectal cancer resections, such as the Versius® surgical 
system [26], may promote a more competitively priced market for wider usage across 
healthcare systems. The early evidence so far suggests that the perioperative outcomes 
are comparable across different centres, although high complication rates have been 
noted in larger case series, perhaps reflecting the true cohort of the complex nature of 
multivisceral exenteration surgery. Nevertheless, it can be performed without compro-
mising the quality of oncological resection status. 

It is worth noting that the current robotic platforms have introduced windows of 
opportunity for the integration of new medical imaging techniques such as fluores-
cence-guided surgery, real-time 3D modelling, and stereotactic navigation that represent 
promising avenues for improving the precision and accuracy of surgical dissection to 
improve the completeness of resection margins. In preliminary studies, indocyanine 
green, for example, has emerged as a promising tool for the real-time intraoperative as-
sessment of tissue perfusion and the detection of sentinel nodes during robotic pelvic 
dissection in rectal cancer surgery [27]. Recent advances in software segmentation of MRI 
images have facilitated 3D intraoperative modelling to produce true-size, detailed rep-
resentation of organs, soft tissues, and critical structures that could potentially distin-
guish fibrotic from diseased tissues following chemoradiotherapy treatment [28–30]. 



J. Clin. Med. 2021, 10, 1518 8 of 9 
 

 

Additionally, the integration of real-time stereotactic navigation to assist in the identifi-
cation of critical structures in the pelvis has been shown to be feasible on a robotic plat-
form [31]. These advancements, albeit preliminary at this stage, are potential harbingers 
of a new era in robotic surgery, where computer-assisted systems are fused with estab-
lished robotic platforms to facilitate better decision-making intraoperatively. Noting the 
challenges faced in its diffusion of uptake in TME surgery, we envisage that the true 
niche of robotic assistance lies in applications whereby the ergonomic and visual en-
hancement of the operating field and improvement of postoperative outcomes are sig-
nificantly warranted, such as multivisceral pelvic exenteration surgery. 

Another aspect that warrants prudent investment of attention would be to encour-
age patient engagement and involvement in the design and conduct of future clinical 
studies on robotic pelvic exenteration surgery. This may help to resolve any discrepan-
cies between existing public perceptions of robotic surgery and the clinical evidence [32]. 
As stakeholders in their personalised care, this approach may potentially capture pa-
tient’s perceptions of factors that support and constrain the integration of robot-assisted 
surgery into routine practice as we transition towards the healthcare systems of the fu-
ture, which are increasingly patient-driven. 

Author Contributions: Conceptualization, C.K., P.T. and S.R.; Writing—original draft preparation, 
T.P.C., A.Y.C., D.T. and A.R. All authors have read and agreed to the published version of the 
manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Liu, Q.; Luo, D.; Cai, S.; Li, Q.; Li, X. Circumferential resection margin as a prognostic factor after rectal cancer surgery: A large 

population-based retrospective study. Cancer Med. 2018, 7, 3673–3681, doi:10.1002/cam4.1662. 
2. PelvEx Collaborative. Surgical and Survival Outcomes Following Pelvic Exenteration for Locally Advanced Primary Rectal 

Cancer: Results From an International Collaboration. Ann. Surg 2019, 269, 315–321. 
3. Butcher, H.R.; Spjut, H.J. An evaluation of pelvic exenteration for advanced carcinoma of the lower colon. Cancer 1959, 12, 681–

687, doi:10.1002/1097-0142(195907/08)12:43.0.co;2-2. 
4. Pawlik, T.M.; Skibber, J.M.; Rodriguez-Bigas, M.A. Pelvic Exenteration for Advanced Pelvic Malignancies. Ann. Surg. Oncol. 

2006, 13, 612–623, doi:10.1245/aso.2006.03.082. 
5. Solum, A.M.; Riffenburgh, R.H.; Johnstone, P.A. Survival of patients with untreated rectal cancer. J. Surg. Oncol. 2004, 87, 157–

161, doi:10.1002/jso.20104. 
6. Prete, F.P.; Pezzolla, A.; Prete, F.; Testini, M.; Marzaioli, R.; Patriti, A.; Jimenez-Rodriguez, R.M.; Gurrado, A.; Strippoli, G.F.M. 

Robotic Versus Laparoscopic Minimally Invasive Surgery for Rectal Cancer: A Systematic Review and Meta-analysis of Ran-
domized Controlled Trials. Ann. Surg 2018, 267, 1034–1046. 

7. Nanayakkara, P.R.; Ahmed, S.A.; Oudit, D.; O’Dwyer, S.T.; Selvasekar, C.R. Robotic assisted minimally invasive pelvic exen-
teration in advanced rectal cancer: Review and case report. J. Robot. Surg. 2013, 8, 173–175, doi:10.1007/s11701-013-0413-4. 

8. Williams, M.; Perera, M.; Nouhaud, F.-X.; Coughlin, G. Robotic pelvic exenteration and extended pelvic resections for locally 
advanced or synchronous rectal and urological malignancy. Investig. Clin. Urol. 2021, 62, 111–120, doi:10.4111/icu.20200176. 

9. Smith, N.; Murphy, D.G.; Lawrentschuk, N.; McCormick, J.; Heriot, A.; Warrier, S.; Lynch, A.C. Robotic multivisceral pelvic 
resection: Experience from an exenteration unit. Tech. Coloproctol. 2020, 24, 1145–1153, doi:10.1007/s10151-020-02290-x. 

10. Heah, N.H.; Wong, K.Y. Feasibility of robotic assisted bladder sparing pelvic exenteration for locally advanced rectal cancer: A 
single institution case series. World J. Gastrointest. Surg. 2020, 12, 190–196, doi:10.4240/wjgs.v12.i4.190. 

11. Kumar, B.R.; Bankar, S.; Pandey, D.; Rohila, J.; Prakash, G.; Bakshi, G.; DeSouza, A.; Saklani, A. Abdominoperineal excision 
with prostatectomy in T4 rectal cancer—Bladder-sparing robotic pelvic exenteration—A video vignette. Color. Dis. 2020, 22, 
1786–1787, doi:10.1111/codi.15200. 

12. Shin, U.S.; You, Y.N.; Nguyen, A.T.; Bednarski, B.K.; Messick, C.; Maru, D.M.; Dean, E.M.; Hu, C.-Y.; Chang, G.J. Oncologic 
Outcomes of Extended Robotic Resection for Rectal Cancer. Ann. Surg. Oncol. 2016, 23, 2249–2257, 
doi:10.1245/s10434-016-5117-3. 



J. Clin. Med. 2021, 10, 1518 9 of 9 
 

 

13. Winters, B.R.; Mann, G.N.; Louie, O.; Wright, J.L. Robotic Total Pelvic Exenteration with Laparoscopic Rectus Flap: Initial 
Experience. Case Rep. Surg. 2015, 2015, 1–4, doi:10.1155/2015/835425. 

14. Shin, J.W.; Kim, J.; Kwak, J.M.; Hara, M.; Cheon, J.; Kang, S.H.; Kang, S.G.; Stevenson, A.R.L.; Coughlin, G.; Kim, S.H. First 
report: Robotic pelvic exenteration for locally advanced rectal cancer. Color. Dis. 2013, 16, O9–O14, doi:10.1111/codi.12446. 

15. Riley, D.S.; Barber, M.S.; Kienle, G.S.; Aronson, J.K.; Von Schoen-Angerer, T.; Tugwell, P.; Kiene, H.; Helfand, M.; Altman, D.G.; 
Sox, H.; et al. CARE guidelines for case reports: Explanation and elaboration document. J. Clin. Epidemiol. 2017, 89, 218–235, 
doi:10.1016/j.jclinepi.2017.04.026. 

16. Stomberg, M.W.; Tronstad, S.-E.; Hedberg, K.; Bengtsson, J.; Jonsson, P.; Johansen, L.; Lindvall, B. Work-related Musculoskel-
etal Disorders When Performing Laparoscopic Surgery. Surg. Laparosc. Endosc. Percutan. Tech. 2010, 20, 49–53, 
doi:10.1097/sle.0b013e3181cded54. 

17. Wee, I.J.Y.; Kuo, L.; Ngu, J.C. A systematic review of the true benefit of robotic surgery: Ergonomics. Int. J. Med. Robot. Comput. 
Assist. Surg. 2020, 16, e2113, doi:10.1002/rcs.2113. 

18. Jayne, D.; Pigazzi, A.; Marshall, H.; Croft, J.; Corrigan, N.; Copeland, J.; Quirke, P.; West, N.; Rautio, T.; Thomassen, N.; 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, 1569–1580. 

19. The Royal College of Surgeons of England, Senior Clinical Fellowships in General Surgery. Available online: 
https://www.rcseng.ac.uk/education-and-exams/accreditation/rcs-senior-clinical-fellowship-scheme/national-surgical-fellows
hip-scheme-register/general-surgery/ (accessed on 4 January 2021). 

20. European Society of Coloproctology, Colorectal Robotic Surgery Fellowship. Available online: 
https://www.escp.eu.com/education/fellowship-training-opportunities/escp-robotic-fellowships (accessed 4 January 2021). 

21. Miskovic, D.; Ahmed, J.; Bissett-Amess, R.; Ruiz, M.G.; Luca, F.; Jayne, D.; Figueiredo, N.; Heald, R.J.; Spinoglio, G.; Parvaiz, A.; 
et al. European consensus on the standardization of robotic total mesorectal excision for rectal cancer. Color. Dis. 2019, 21, 270–
276, doi:10.1111/codi.14502. 

22. Kavalukas, S.L.; Ghuman, A.; Sharp, S.P.; Wexner, S.D. Robotic or laparoscopic surgery for rectal cancer—Which is the best 
answer? a comprehensive review of non-oncological outcomes and learning curve. Mini-Invasive Surg. 2020, 2020, 61, 
doi:10.20517/2574-1225.2020.71. 

23. Lee, J.W.; Yoon, Y.E.; Kim, D.K.; Park, S.Y.; Moon, H.S.; Lee, T.Y. Renal Artery Injury During Robot-Assisted Renal Surgery. J. 
Endourol. 2010, 24, 1101–1104, doi:10.1089/end.2010.0114. 

24. Thompson, J. Myocardial infarction and subsequent death in a patient undergoing robotic prostatectomy. AANA J. 2009, 77, 
365–371. 

25. Alemzadeh, H.; Raman, J.; Leveson, N.; Kalbarczyk, Z.; Iyer, R.K. Adverse Events in Robotic Surgery: A Retrospective Study of 
14 Years of FDA Data. PLoS ONE 2016, 11, e0151470, doi:10.1371/journal.pone.0151470. 

26. Collins, D.; Paterson, H.M.; Skipworth, R.J.E.; Speake, D. Implementation of the Versius robotic surgical system for colorectal 
cancer surgery: First clinical experience. Color. Dis. 2021, doi:10.1111/codi.15568. 

27. Kim, H.J.; Park, J.S.; Choi, G.-S.; Park, S.Y.; Lee, H.J. Fluorescence-guided Robotic Total Mesorectal Excision with Lateral Pelvic 
Lymph Node Dissection in Locally Advanced Rectal Cancer: A Video Presentation. Dis. Colon Rectum 2017, 60, 1332–1333, 
doi:10.1097/dcr.0000000000000936. 

28. Garcia-Granero, A.; Pellino, G.; Giner, F.; Frasson, M.; Fletcher-Sanfeliu, D.; Romaguera, V.P.; Flor-Lorente, B.; Gamundi, M.; 
Brogi, L.; Garcia-Calderón, D.; et al. A mathematical 3D-method applied to MRI to evaluate prostatic infiltration in advanced 
rectal cancer. Tech. Coloproctol. 2020, 24, 605–607, doi:10.1007/s10151-020-02170-4. 

29. Garcia-Granero, A.; Pellino, G.; Giner, F.; Frasson, M.; Fletcher-Sanfeliu, D.; Romeguera, V.P.; Lorente, B.F.; Gamundi, M.; 
Brogi, L.; Garcia-Calderón, D.; et al. A video demonstration of three-dimensional imaging to assess the circumferential resec-
tion margin in locally advanced rectal cancer and recurrent rectal cancer—A video vignette. Color. Dis. 2020, 22, 2340–2341, 
doi:10.1111/codi.15281. 

30. Przedlacka, A.; Cox, S.; Tekkis, P.; Bello, F.; Kontovounisios, C. Rectal 3D MRI modelling for benign and malignant disease. Br. 
J. Surg 2020, 107, e561–e562. 

31. Atallah, S.; Parra-Davila, E.; Melani, A.G.F.; Romagnolo, L.G.; Larach, S.W.; Marescaux, J. Robotic-assisted stereotactic re-
al-time navigation: Initial clinical experience and feasibility for rectal cancer surgery. Tech. Coloproctol. 2019, 23, 53–63, 
doi:10.1007/s10151-018-1914-y. 

32. Ahmad, A.; Ahmad, Z.F.; Carleton, J.D.; Agarwala, A. Robotic surgery: Current perceptions and the clinical evidence. Surg. 
Endosc. 2017, 31, 255–263, doi:10.1007/s00464-016-4966-y. 


