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Robotic surgery in colorectal cancer: the way
forward or a passing fad

Colorectal minimally-invasive surgery (MIS) began with a
laparoscopic appendectomy by the German gynecologist
Kurt Semm in 1983 (1), followed by the first series of
laparoscopic colectomies by Jacobs er #l. in 1991 (2).
Thereafter, the penetration rates of laparoscopy in
colorectal surgery (CRS) remained low because the benefits
gained by a reduction in the trauma of access were offset
by the challenges of a restricted operative field, two-
dimensional imagery, limited instrument range of motion,
and less tactile feedback. Improvements in technology like
high-definition three-dimensional optics and advanced
energy devices have been introduced to facilitate the use of
MIS, especially in complex CRS procedures. Perhaps the
most advanced, and expensive, technical aid for MIS has
been the robotic surgical system.
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In this era of evidence-based medicine, robotic CRS
remains predominantly a subject of individual institution case
series, retrospective studies, matched comparisons at best,
and repeated reviews of the above literature. The quality
of these publications have previously been criticized (3).
However, despite the cost and equivocal evidence, the use
of robotics in CRS continues to increase.

This article provides a critique of the more contemporary
data regarding the use of robotics in colorectal cancer
surgery and the controversies surrounding the literature.

Why the best-quality evidence was not the best
evidence

Being a form of assisted-laparoscopy, robotics would
expectedly share the short-term benefits of MIS. Outcomes
like intraoperative blood loss, time to resolution of ileus,
postoperative analgesia requirements and length of stay
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(LOS) in hospital have been shown to be superior compared
to open surgery. However, given the established results of
conventional laparoscopy in CRS, this would be the more
appropriate yardstick to compare robotics against.

In one of the most recent meta-analysis of five
randomized controlled trials (RCT) on MIS for rectal
cancer, the authors showed a moderate quality of evidence
that robotics was associated with a lower conversion rate
(RR 0.58; 95% CI: 0.35-0.97, P=0.04) and longer operating
time (mean difference 38.43 minutes, 95% CI: 31.84-
45.01, P<0.00001) compared to laparoscopic surgery (4).
The reviewers failed to mention, however, that one of
the included studies had deviated from its randomization
protocol (5). In the smaller studies by Baik and Jiménez
Rodriguez, robotic assistance showed no benefit over
laparoscopy, although their limited sample sizes (36 and
56, respectively) were arguably not adequately powered to
demonstrate statistical significance (6,7). Indeed, there was
either no power calculation, or the basis for the stipulated
sample size was not detailed by the authors of these studies.
The largest and most well-designed study remains the
Robotic Versus Laparoscopic Resection for Rectal Cancer
(ROLARR) trial (8).

The much anticipated results of the ROLARR trial came
as a surprise to many, and a disappointment to proponents
of robotic CRS. While the study design was sound, the
unexpected improvements in laparoscopic rectal surgery
over the accrual period resulted in a flawed sample size
calculation. Based on the 12.2% conversion rate in the
laparoscopic arm, at least 700 subjects (not yet accounting
for attrition) would have been required to show a 50%
reduction in this primary outcome of the study, instead
of the 466 patients who actually completed the trial. In
addition, the authors used confidence interval calculations
to hypothesize that a sample of 400 patients would have
been sufficient to analyze differences in the secondary
outcomes of CRM positivity and 3-year local recurrence—
this, unfortunately, was also based on data from the Medical
Research Council Conventional versus Laparoscopic-
Assisted Surgery in Colorectal Cancer (MRC CLASICC)
trial (9). The CRM positivity rate was 16% in the MRC
CLASICC, whereas ROLARR reported a 6.3% positivity
rate for laparoscopy and 5.1% for robotics. The 3-year data
from ROLARR showed no difference in local recurrence,
disease-free survival, and overall survival between the two
MIS approaches. The discrepancy in surgeon experience was
also criticized. While the pre-requisite was at least 30 MIS
rectal cancer resections (at least 10 laparoscopic and at least
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10 robotic) prior to participating in the study, the median
number of laparoscopic and robotic procedures performed
by the surgeons was 91.4 (range, 10.0-853.0) and 49.5
(range, 10.3-183.0), respectively. While one may be quick
to point out that robotics is supposed to be credited with a
shorter learning curve, the actual number of cases required
to achieve competency should perhaps be a more realistic
reflection of individual surgeon competencies. Indeed, the
sensitivity analysis exploring learning effects suggested a
potential benefit of robotics when performed by ROLARR
surgeons with substantial prior experience, regardless of
their background in laparoscopy.

One of the high-volume (180 rectal cancer operations
annually, with 79% performed robotically) robotic surgery
centers from the ROLARR trial recently published
their results separately and demonstrated a lower opioid
consumption during robotic surgery (P=0.0001) (10).
While this could possibly have been attributable to the
significantly lower conversion rate to open surgery, the
statistical difference remained even after the cases of
conversion were excluded from the analysis (P=0.007). The
authors hypothesized that the limited reach of laparoscopic
instruments resulted in increased stress, and therefore pain,
at the laparoscopic port sites during mesorectal dissection.

In one of the few trials that involved an operator with
an equivalent experience in robotic and laparoscopic rectal
cancer surgery, Park et al. reported a 7.1% conversion rate
with laparoscopy, with no conversions amongst the 133
robotic cases reviewed (P=0.003) (11). While this result
was likely attributable to a certain degree of selection bias,
the two groups of patients were nonetheless comparable
in terms of gender, BMI, tumor location, and the use of
preoperative chemoradiotherapy. However, the authors
concluded that robotics provided no long-term oncological
advantage based on their 5-year survival and local
recurrence data (median follow-up 58 months, interquartile
range 49—-66 months).

What do we expect robotics to be good for?

The narrow confines of the pelvis remain a technical
challenge for rectal cancer surgery in male patients. Despite
the limitations of their study, Baek et 4/. presented an
interesting finding from their review of anatomical difficulty
in patients who had undergone robotic rectal cancer
surgery (12). Patients were stratified into three groups
based on MRI pelvimetry—easy, moderate, and difficult
pelvic anatomy. The authors found no difference between
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the groups in terms of surgical outcomes, leading them to
postulate that robotics compensated for the level of surgical
difficulty and may be beneficial when operating on patients
with a difficult pelvic anatomy.

In obese patients, the bulky mesorectum compounds the
problem of restricted access when operating in a narrow
pelvis. The added range of motion of robotic instruments
and the enhanced ergonomics that they confer would
expectedly be beneficial in this group of patients. In a
propensity score matched analysis of MIS rectal cancer
resections in obese patients (defined as patients with a body
mass index BMI >30 kg/m’), Panteleimonitis ez a/. showed
that robotic rectal surgery was associated with a shorter
LOS (6 vs. 8, P=0.014) and a lower 30-day readmission rate
(6.3% vs. 19.7%, P=0.033) (13). There were two (3.3%)
conversions in the laparoscopic group, and none in the
robotic group (P=0.24). Earlier retrospective studies have
demonstrated similar findings. In their comparison of 29
robotic and 27 laparoscopic obese rectal surgery patients,
Gorgun et al. showed a shorter LOS (6 vs. 7 days, P=0.02)
and a quicker return to bowel function (3 vs. 4 days,
P=0.01) (14). The conversion rates were 3.4% and 18.5% in
the robotic and laparoscopic groups, respectively (P=0.09).
In addition to a shorter LOS (7 vs. 9, P<0.001), Shiomi et 4/.
also showed lesser blood loss (10.5 vs. 34 mL, P=0.002) and
lower complication rates (9.6% vs. 30%, P=0.04) in their
robotic group (n=52, vs. n=30 laparoscopic patients) (15).
The difference in conversion rate was again not statistically
significant.

In the ROLARR subgroup analysis, the conversion
rates for laparoscopy were higher in males (16.0%), obese
patients (27.8%) and patients undergoing a low anterior
resection (13.3%). The corresponding rates in the robotic
arm were 8.7%, 18.9% and 7.2%, respectively (8). While
there were insufficient patients to provide statistically
meaningful comparisons, these figures may nonetheless
remain clinically relevant. Similarly, in their study of high-
risk patients (defined as BMI >30 kg/m’, male gender,
preoperative chemoradiotherapy, tumor <8 cm from anal
verge, or previous open abdominal surgery), Ahmed ez al.
showed that robotic rectal cancer surgery was associated
with reduced blood loss, lower conversion rates, shorter
operative time and a shorter length of hospitalization
compared to laparoscopy (16). Based on the greater
percentage of anterior resections in the robotic group,
the authors also concluded that robotics allowed for a
greater chance of sphincter preservation and avoidance of a
permanent stoma.
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Another purported benefit of robotics has been the
preservation of neurological function by allowing more
precise dissection. A prospective cohort study conducted
in South Korea between June 2009 and November 2009
analyzed the urogenital function after robot-assisted and
laparoscopic total mesorectal excision (TME) (17). The
authors reported an earlier recovery of normal urinary
voiding in the robotic group, with the IPSS recovering in
3 months compared to 6 months in the laparoscopic group.
The change from preoperative values in mean voiding
volume based on urodynamic study was also significantly
less in the robotic group at 3 and 6 months after surgery
(P=0.007 and P=0.049, respectively). While the IIEF
scores were not significantly different between the two
groups, there was a faster recovery time associated with
robotic TME (6 vs. 12 months after laparoscopy). In a
similar comparison by Park ez 4l., thirty-two male patients
who underwent robotic TME between February 2009
and December 2010 were matched with a group selected
from 51 men who underwent laparoscopic TME (18).
The robotic group reported an earlier restoration of
erectile function, while the mean IPSS scores did not
differ from the laparoscopic group. Postoperative bladder
function was analyzed in 351 (75.3%) of the 466 ROLARR
subjects, and sexual function assessment was complete
in an even smaller number (181 men and 54 women) of
patients. There was no significant difference between
laparoscopy and robotics. However, another randomized
trial of patients in China who underwent laparoscopic or
robotic rectal cancer surgery between November 2010
and September 2013 reported results to the contrary (19).
Wang et al. evaluated the urinary and sexual function in 137
(of 336) male patients. While the authors did not describe
their sample size calculation, they managed to show that
the total International Prostate Symptom Score (IPSS)
was significantly increased after surgery in patients who
underwent laparoscopic surgery (9.66 vs. 4.12, P=0.031),
while there was no significant difference in the robotic
group (6.79 vs. 4.04, P=0.068). The incidence of sexual
dysfunction was also significantly lower (P=0.033), with
total International Index of Erectile Function (ITEF) scores
significantly higher in the robotic group (46.2 vs. 40.1,
P=0.043).

Should robotics be used for colon cancer
surgery?

"The evidence for robotic colectomy is even less compelling (20).
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Overall, the most consistent findings were that robotic
colectomies tend to be associated with longer operative
times and higher cost. Studies analyzing left-sided
colectomies have essentially failed to show a significant
benefit in the use of robotics (21,22).

In one of the few prospectively conducted trials on right-
sided colectomies, Park er a/. analyzed 70 patients who were
randomized to either robotic or laparoscopic surgery for
right-sided colon cancer (23). Their study has remained
the only RCT in the repeated meta-analyses on this topic.
Powered to show a 1-day difference in LOS using a 7-day
hospital stay as the baseline, the study failed to show a
benefit in robotics (LOS in robotic group 7.9 days vs. 8.3 in
laparoscopic group, P=0.130). In keeping with most studies
comparing robotics against laparoscopy, the operator was
an expert laparoscopic surgeon, whereas the operating team
had undertaken only 5 robotic colectomies (and a total of
30 robotic procedures) prior to embarking on the trial.
While not objectively measured, the authors did comment
that lymphadenectomy around major vessels was easier
with robot assistance. This subjective benefit has also been
expressed by other authors, but to date remains an anecdotal
advantage (24,25).

Along with the RCT by Park ez 4/, many other reports
on robotic colectomy have also been criticized for not
standardizing the method of anastomosis (i.e., intra- or
extracorporeal) in their comparison with laparoscopy
(21,23,26,27). A case in point is the study by Trastulli
et al. (24). The benefits of robotics in this retrospective
analysis were attributed primarily to the intracorporeal
nature of the anastomosis in robotic colectomy, instead of
a true difference between robotics and laparoscopy. In an
attempt to exclude this confounder, Solaini e #/. conducted
one of the largest retrospective studies analyzing only
MIS right colectomies that involved an intracorporeal
anastomosis (28). This unmatched cohort had significantly
more patients in the robotic arm (n=305, vs. laparoscopic
n=84), although the authors reported no significant
differences between the groups in terms of baseline
characteristics. The robotic group was associated with
a significantly higher number of lymph nodes harvested
(22 vs. 10, P=0.028) and a lower 90-day readmission rate
(0.3% ws. 3.6%, P=0.033), although it remains questionable
if these results translate into clinical significance—the
minimum number of lymph nodes harvested was 15,
above the obligatory standard of 12; the absolute number
of readmissions was 1 in the robotic group and 3 in the
laparoscopic group. Perhaps more importantly, this study
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illustrates how robotics serves as an enabling tool that
allows surgeons to perform intracorporeal anastomosis
with greater ease. Other studies have also reported a higher
lymph node yield with robotic right colectomies, albeit after
statistical matching or multivariate analysis (25,29).

In one of the most recent clinical database studies based
on the National Surgical Quality Improvement Project
(NSQIP) data between 2013 and 2015, Kulaylat ez 2. showed
that elective robotic colectomies were associated with a lower
conversion rate (6.0% vs. 11.5%, P<0.001) and a shorter LOS
(4.6 vs. 5.2 days, P<0.001) when compared to laparoscopic
colectomies after propensity score matching (30).
However, only 55.5% to 59.2% of the cases in this analysis
involved colorectal malignancies. Multiple similar reviews
have been derived from the NSQIP and National Inpatient
Sample (INIS) datasets, and their findings have remained
relatively consistent with the above (31-38). There will
undoubtedly continue to be publications extending the
time period of analysis as the database expands. However,
it would be prudent to interpret these results in the context
of the known limitations of propensity score matching,
multivariable analyses and database research (39,40).
Another publication that analysed the combined data of
left- and right-sided colonic cancer resections showed that
patients who underwent robotic surgery reported a shorter
time to diet intake, passage of flatus, and defecation (41).
Robotic surgery was also associated with lower estimated
blood loss, longer proximal margin, and a shorter hospital
stay, albeit at the expense of longer surgery time. While
the results suggest potential advantages of robotics in colon
cancer surgery, they need to be interpreted with some
degree of circumspection—out of the six studies analysed,
the risk of bias in the included RCT was high, and the
quality of the cohort studies was poor.

The way forward for robotics in colorectal
cancer surgery

In order for robotic CRS to avoid being a passing fad, we
see the need for development in two areas—more robust
scientific evidence and an improvement in cost-benefit.
There are currently several randomized studies listed
on ClinicalTrials.gov (42-44). In addition, the role of
robotic systems in more technically demanding procedures
like multivisceral resection for locally-advanced pelvic
tumors, pelvic lymph node dissection, transanal natural-
orifice surgeries, and hemicolectomies with complete
mesocolic excision-central vascular ligation should be
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investigated. Future research should aim to provide evidence
substantiating the claim that robotics provides superior
ergonomics. While no studies have reported results to the
contrary, surgeon ergonomics remains an entity that is
subjective and contentious to compare. Innovative methods
of measurement should therefore be devised to provide
objective assessments of (I) the stability and orientation
of the endoscopic view, (II) the reduced dependence on
bedside assistance, (III) the resultant improvement in
efficiency of surgical retraction and dissection, and (IV)
the overall reduction in stress and fatigue experienced by
the operator. Similarly, more emphasis should be placed
on evaluating functional outcomes in order to examine
the hypothesis that the precision of the surgical robot
results in superior nerve preservation. Given the significant
technological advancements in recent years, comparisons
should perhaps be made between the different generations
of robotic systems. For example, the multiquadrant
capabilities and extended features of the da Vinci Xi
would potentially address the issues of prolonged docking
and operating times of the earlier da Vinci models (45).
Further publication of retrospective reviews and registry
data-mining should be curtailed until more contemporary
studies are available. Having already established the safety
and feasibility of robotic CRS, journals should be more
discerning against submissions that report small case series
of “early experience” and “initial results”.

While the current robotic surgical market is essentially
a monopoly, numerous competitors have been vying to
provide alternatives. These include TransEnterix (Morrisville,
NC, USA), Cambridge Medical Robotics (UK), Meere
Company (South Korea), Verb Surgical, Medtronic, Vecna
"Technologies, Titan Medical (Toronto, ON, Canada), and
Virtual Incision (Pleasanton, CA, USA). One would be naive
to assume there will be a significant reduction in cost, but
it might be reasonable to expect the price of robotics to be
moderated to a certain extent. Coupled with better evidence
to support the benefits of robotic technology, the cost-benefit
might become more compelling for healthcare systems.

Acknowledgments

None.
Footnote

Conflicts of Interest: The authors have no conflicts of interest
to declare.

© Journal of Gastrointestinal Oncology. All rights reserved.

Ngu and Kim. Robotic surgery in colorectal cancer

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

References

1. Semm K. Endoscopic appendectomy. Endoscopy
1983;15:59-64.

2. Jacobs M, Verdeja JC, Goldstein HS. Minimally invasive
colon resection (laparoscopic colectomy). Surg Laparosc
Endosc 1991;1:144-50.

3. NguJC, Tsang CB, Koh DC. The da Vinci Xi: a review
of its capabilities, versatility, and potential role in robotic
colorectal surgery. Robot Surg 2017;4:77-85.

4. 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;267:1034-46.

5. Patriti A, Ceccarelli G, Bartoli A, et al. Short- and
medium-term outcome of robot-assisted and traditional
laparoscopic rectal resection. JSLS 2009;13:176-83.

6. Baik SH, Ko YT, Kang CM, et al. Robotic tumor-specific
mesorecal excision of rectal cancer: short-term outcome of
a pilot randomized trial. Surg Endosc 2008;22:1601-8.

7. Jiménez Rodriguez RM, Diaz Pavén JM, de la Portilla de
Juan F, et al. Estudio prospectivo, aleatorizado: cirugia
laparoscopica con asistencia robotica versus cirugia
laparoscopica convencional en la reseccion del cancer
colorrectal. Cir Esp 2011;89:432-8.

8. 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;318:1569-80.

9. Guillou PJ, Quirke P, Thorpe H, et al. Short-term
endpoints of conventional versus laparoscopic-assisted
surgery in patients with colorectal cancer (MRI CLASICC
trial): multicentre, randomised controlled trial. Lancet
2005;365:1718-26.

10. Tolstrup R, Funder JA, Lundbech L, et al. Perioperative
pain after robot-assisted versus laparoscopic rectal
resection. Int J Colorectal Dis 2018;33:285-9.

11. Park EJ, Cho MS, Baek SJ, et al. Long-term oncologic
outcomes of robotic low anterior resection for rectal
cancer: A comparative study with laparoscopic surgery.
Ann Surg 2015;261:129-37.

12. Baek SJ, Kim CH, Cho MS, et al. Robotic surgery for

7 Gustrointest Oncol 2019;10(6):1222-1228 | http://dx.doi.org/10.21037/g0.2019.04.01



Journal of Gastrointestinal Oncology, Vol 10, No 6 December 2019

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

© Journal of Gastrointestinal Oncology. All rights reserved.

rectal cancer can overcome difficulties associated with
pelvic anatomy. Surg Endosc 2015;29:1419-24.
Panteleimonitis S, Pickering O, Abbas H, et al. Robotic
rectal cancer surgery in obese patients may lead to better
short-term outcomes when compared to laparoscopy:

a comparative propensity scored match study. Int J
Colorectal Dis 2018;33:1079-86.

Gorgun E, Ozben V, Costedio M, et al. Robotic versus
conventional laparoscopic rectal cancer surgery in obese
patients. Colorectal Dis 2016;18:1063-71.

Shiomi A, Kinugasa Y, Yamaguchi T, et al. Robot-assisted
versus laparoscopic surgery for lower rectal cancer: the
impact of visceral obesity on surgical outcomes. Int J
Colorectal Dis 2016;31:1701-10.

Ahmed J, Cao H, Panteleimonitis S, et al. Robotic vs
laparoscopic rectal surgery in high-risk patients. Colorectal
Dis 2017;19:1092-9.

Kim JY, Kim NK, Lee KY, et al. A comparative study of
voiding and sexual function after total mesorectal excision
with autonomic nerve preservation for rectal cancer:
laparoscopic versus robotic surgery. Ann Surg Oncol
2012;19:2485-93.

Park SY, Choi GS, Park JS, et al. Urinary and erectile
function in men after total mesorectal excision by
laparoscopic or robot-assisted methods for the treatment
of rectal cancer: a case-matched comparison. World J Surg
2014;38:1834-42.

Wang G, Wang Z, Jiang Z, et al. Male urinary and
sexual function after robotic pelvic autonomic nerve-
preserving surgery for rectal cancer. Int ] Med Robot
2017;13:e1725.

Toh JWT, Phan K, Kim S. Robotic colorectal surgery:
more than a fantastic toy? Innov Surg Sci 2018;3:65-8.
Rawlings AL, Woodland JH, Vegunta RK, et al.

Robotic versus laparoscopic colectomy. Surg Endosc
2007;21:1701-8.

Lim DR, Min BS, Kim MS, et al. Robotic versus
laparoscopic anterior resection of sigmoid colon cancer:
comparative study of long-term oncologic outcomes. Surg
Endosc 2013;27:1379-85.

Park JS, Choi GS, Park SY, et al. Randomized clinical
trial of robot-assisted versus standard laparoscopic right
colectomy. Br J Surg 2012;99:1219-26.

Trastulli S, Coratti A, Guarino S, et al. Robotic right
colectomy with intracorporeal anastomosis compared
with laparoscopic right colectomy with extracorporeal and
intracorporeal anastomosis: a retrospective multicentre
study. Surg Endosc 2015;29:1512-21.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

1227

Ngu JC, Ng YY. Robotics confers an advantage in right
hemicolectomy with intracorporeal anastomosis when
matched against conventional laparoscopy. ] Robot Surg
2018;12:647-53.

deSouza AL, Prasad LM, Park J]J, et al. Robotic assistance
in right hemicolectomy: Is there a role? Dis Colon Rectum
2010;53:1000-6.

Morpurgo E, Contardo T, Molaro R, et al. Robotic-
assisted intracorporeal anastomosis versus extracorporeal
anastomosis in laparoscopic right hemicolectomy for
cancer: A case control study. ] Laparoendosc Adv Surg
Tech A 2013;23:414-7.

Solaini L, Cavaliere D, Pecchini F, et al. Robotic versus
laparoscopic right colectomy with intracorporeal
anastomosis: a multicenter comparative analysis on short-
term outcomes. Surg Endosc 2019;33:1898-902.

Widmar M, Keskin M, Strombom P, et al. Lymph node
yield in right colectomy for cancer: a comparison of open,
laparoscopic and robotic approaches. Colorectal Dis
2017;19:888-94.

Kulaylat AS, Mirkin KA, Puleo FJ, et al. Robotic versus
standard laparoscopic elective colectomy: where are the
benefits? ] Surg Res 2018;224:72-8.

Halabi WJ, Kang CY, Jafari MD, et al. Robotic-

assisted colorectal surgery in the United States: A
nationwide analysis of trends and outcomes. World J Surg
2013;37:2782-90.

Juo YY, Hyder O, Haider AH, et al. Is minimally invasive
colon resection better than traditional approaches?: First
comprehensive national examination with propensity score
matching. JAMA Surg 2014;149:177-84.

Ezekian B, Sun Z, Adam, MA, et al. Robotic-assisted
versus laparoscopic colectomy results in increased
operative time without improved perioperative outcomes.
J Gastrointest Surg 2016;20:1503-10.

Miller PE, Dao H, Paluvoi N, et al. Comparison of 30-
day postoperative outcomes after laparoscopic vs robotic
colectomy. ] Am Coll Surg 2016;223:369-73.

Bhama AR, Obias V, Welch KB, et al. A comparison of
laparoscopic and robotic colorectal surgery outcomes
using the American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP) database.
Surg Endosc 2016;30:1576-84.

Dolejs SC, Waters JA, Ceppa EP, et al. Laparoscopic
versus robotic colectomy: a national surgical

quality improvement project analysis. Surg Endosc
2017;31:2387-96.

Schootman M, Hendren S, Loux T, et al. Differences

7 Gastrointest Oncol 2019;10(6):1222-1228 | http://dx.doi.org/10.21037/jgo.2019.04.01



1228

38.

39.

40.

41.

42.

in effectiveness and use of robotic surgery in patients
undergoing minimally invasive colectomy. J Gastrointest
Surg 2017;21:1296-303.

Al-Mazrou AM, Chiuzan C, Kiran RP. The robotic
approach significantly reduces length of stay after
colectomy: a propensity score-matched analysis. Int J
Colorectal Dis 2017;32:1415-21.

Biondi-Zoccai G, Lotrionte M, Landoni G, et al. The
rough guide to systematic reviews and meta-analyses. HSR
Proc Intensive Care Cardiovasc Anesth 2011;3:161-73.
Alluri RK, Leland H, Heckmann N. Surgical research
using national databases. Ann Transl Med 2016;4:393.

Lim S, Kim JH, Baek S, et al. Comparison of perioperative
and short-term outcomes between robotic and
conventional laparoscopic surgery for colonic cancer: a
systematic review and meta-analysis. Ann Surg Treat Res
2016;90:328-39.

Law WL. Randomized Trial on Robotic Assisted

Cite this article as: Ngu JC, Kim SH. Robotic surgery
in colorectal cancer: the way forward or a passing fad. J
Gastrointest Oncol 2019;10(6):1222-1228. doi: 10.21037/
jg0.2019.04.01

© Journal of Gastrointestinal Oncology. All rights reserved.

43.

45.

Ngu and Kim. Robotic surgery in colorectal cancer

Resection for Rectal Cancer. ClinicalTrials.gov identifier:
NCTO01130233. Available online: http://clinicaltrials.gov/
ct2/show/NCT01130233

Xu J. A Multicentre, Prospective, Randomised, Controlled,
Unblinded, Parallel-group Trail of Robotic-assisted Versus
Laparoscopic Versus Open Abdominoperineal Resection
for the Curative Treatment of Low Rectal Cancer.

Clinical Trials.gov identifier: NCT01985698. Available
online: http://clinicaltrials.gov/ct2/show/NCT01985698
Choi GS. A Trial to Assess Robot-assisted Surgery and
Laparoscopy-assisted Surgery in Patients with Mid or Low
Rectal Cancer (COLRAR). Clinical Trails.gov identifier:
NCT01423214. Available online: http://clinicaltrials.gov/
ct2/show/NCT 01423214

Ngu JC, Sim S, Yusof S, et al. Insight into the da Vinci®
Xi — technical notes for single-docking left-sided colorectal
procedures. Int J] Med Robot 2017;13:e1798.

7 Gustrointest Oncol 2019;10(6):1222-1228 | http://dx.doi.org/10.21037/g0.2019.04.01



