
                                                                                               www.misjournal.net

Review Open Access

Kavalukas et al. Mini-invasive Surg 2020;4:61
DOI: 10.20517/2574-1225.2020.71

Mini-invasive Surgery

© The Author(s) 2020. Open Access This article is licensed under a Creative Commons Attribution 4.0 
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made.

Robotic or laparoscopic surgery for rectal cancer - 
which is the best answer? a comprehensive review 
of non-oncological outcomes and learning curve
Sandra L. Kavalukas, Amandeep Ghuman, Stephen P. Sharp, Steven D. Wexner

Department of Colorectal Surgery, Cleveland Clinic Florida, Weston, FL 33331, USA.

Correspondence to: Dr. Steven D. Wexner, Department of Colorectal Surgery, Cleveland Clinic Florida, Weston, FL 33331, USA. 
E-mail: wexners@ccf.org

How to cite this article: Kavalukas SL, Ghuman A, Sharp SP, Wexner SD. 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;4:61. 
http://dx.doi.org/10.20517/2574-1225.2020.71

Received: 8 Jul 2020    First Decision: 6 Aug 2020    Revised: 13 Aug 2020    Accepted: 14 Aug 2020    Published: 1 Sep 2020

Academic Editor: S. W. Larach    Copy Editor: Cai-Hong Wang    Production Editor: Jing Yu

Abstract
Much effort has been spent evaluating the difference between robotic and laparoscopic surgery platforms for 
rectal cancer. There is a plethora of literature comparing outcomes for intraoperative events, postoperative 
complications, long term outcomes, cost, and learning curve. The data are conclusive regarding the higher cost 
of robotic surgery compared to laparoscopic surgery. This article is a comprehensive review of the available 
literature regarding intraoperative and postoperative outcomes. For practically all parameters evaluated, there 
are no significant differences between the two platforms. The ultimate decision on whether to perform robotic 
vs.  laparoscopic surgery should be based on surgeon preference and familiarity with equipment, as well as local 
resources.
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INTRODUCTION
Surgical management of rectal cancer has undergone an impressive evolution during the past thirty years. 
An explosion of minimally invasive techniques has advanced almost every colorectal operation since the 
first reports of laparoscopic segmental and total colectomy[1]. Advantages of laparoscopic surgery compared 
to laparotomy include reductions in postoperative pain, length of stay, incisional hernia, adhesive 
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bowel obstruction, wound complications, and mortality[2-5]. The disadvantages of laparoscopic surgery 
comprise a relative loss of tactile sensation compared to open surgery and technical difficulty with fine 
movement. There is heightened awareness of surgeon ergonomics due to overuse injuries and workplace 
musculoskeletal disorders in laparoscopic surgeons. Improper table height, position of the monitors, and 
handling of long instruments are factors contributing to these afflictions. 

The introduction of the robotic DaVinci operating system (Sunnyvale, CA) in 2000 brought forth another 
dimension of minimally invasive technology. This platform was utilized in colorectal surgery in March 2001 
when the first sigmoid and right colectomies were described[6]. Robotic surgery has now gained widespread 
acceptance both in terms of surgeon satisfaction and patient outcomes. The strengths of robotic surgery 
lie principally in wristed instruments providing seven degrees of freedom. Many surgeons endorse greater 
comfort during the procedure, improved visualization of the operative field, and less technical difficulty 
operating in challenging locations including the narrow pelvis. The limitations of robotic surgery can 
include the operative time required to dock the robot, loss of tactile sensation, and increased cost compared 
to laparoscopic surgery. 

Standards by which successful surgical outcomes are evaluated examine intraoperative events, postoperative 
complications, and long-term sequelae. These facets have been extensively studied comparing laparoscopic 
and robotic surgery. This paper explores any potential differences between the two methods regarding non-
oncological perioperative outcomes. Conversion rate, postoperative pain or ileus, anastomotic leak, surgical 
site infection, length of stay, cost, long-term urogenital function, and learning curve are the specific topics 
that are addressed.

INTRAOPERATIVE OUTCOME
Conversion rate
Challenges that present to a surgeon include patient body habitus, fibrosis from chronic inflammatory 
processes, adherence to surrounding structures by infiltrating tumours, and adhesions from previous 
surgeries. These situations can result in conversion to an open procedure. One of the unique tasks specific 
to colorectal surgeons is removing a low rectal tumour. Particularly in a narrow pelvis, this task can be 
challenging due to the limited range of motion of laparoscopic instruments. Colorectal robotic surgery 
first gained popularity specifically for this scenario. Precise dissection down to the pelvic floor with wristed 
instruments facilitates total mesorectal excision over the pelvic brim. 

Given the above situations, investigators hypothesized that robotic surgery would result in a lower 
conversion rate compared to laparoscopic procedures, but the data exhibit many conflicting reports when 
examining conversion rates. One must consider the research design when interpreting these results. A few 
studies utilized nation-wide databases, while others performed retrospective reviews, case-matched studies, 
or propensity-matched groups. Several studies report equivalent conversion rates between laparoscopic and 
robotic procedures[7-10]. Feinberg et al.[11] performed a retrospective National Surgical Quality Improvement 
Program study of over 8,864 patients undergoing either laparoscopic or robotic colorectal procedures, 
finding a statistically significant difference in the conversion rate of 13.7% and 9.5% for laparoscopic and 
robotic procedures, respectively (P < 0.008). A subgroup analysis was performed to identify risk factors for 
increased conversion rates, finding that patients with colon cancer [odds ratio (OR) 1.8], Crohn’s disease 
(OR 2.19), and diverticular disease (OR 1.9) had higher likelihood of conversion. The two most interesting 
findings in this study were that neither body mass index > 30 kg/m2 nor rectal resection procedures 
conferred a significant risk of conversion to open. These findings are noteworthy because body habitus and 
pelvic operations had been theorized as situations in which the use of the surgical robot would confer an 
advantage. 
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Another comprehensive study of 2,735 patients showed a significantly higher rate of conversion in the 
laparoscopic compared to robotic group. This was found throughout the general cohort as well as in rectal 
specific procedures, which had a conversion rate of 7.8% vs. 21.2%, respectively (P < 0.001)[12]. While these 
studies boast large sample sizes, the two arms were unevenly matched in terms of number of patients, 
which may have affected the results. This issue is common throughout the literature on this topic, given 
the novelty of robotic surgery. A meta-analysis of four randomized controlled trials (the highest quality 
evidence available), found a significant difference in conversion rates of patients undergoing colorectal 
resections for cancer. The robotic procedures had lower rates of conversion to open (1.82%) vs. laparoscopic 
procedures (9.48%), P < 0.04[13]. 

Upon review of this data, one can safely argue that robotic procedures are associated with lower rates 
of conversion compared to laparoscopic surgeries. However, it should be noted that there are many 
confounding factors which may affect these results. Patients with a hostile abdomen, advanced tumours, 
or other considerations may be planned to undergo laparoscopic instead of robotic surgery if the surgeon 
is anticipating a high likelihood of conversion. Other scenarios may have presented with unexpected 
intraoperative findings that would have required the case to be converted no matter which modality was 
used.

Operative time
Successful performance of surgery is not measured by the time required to perform the task. However, 
increased operative time correlates with many adverse perioperative outcomes. Data collected across 
all surgery specialties demonstrates that operative time was 30 min longer in patients with surgical site 
infections than in those without[14]. Increased operative time has also been shown to result in higher rates 
of ileus and length of stay[15,16]. 

Advocates for laparoscopic surgery often attribute the time needed to dock the robot as a drawback to 
robotic surgery. The progress of the surgery comes to a halt during this time, particularly with procedures 
spanning two abdominal quadrants that require a second docking of the robot. Robot docking times have 
a reported mean of 3-11 min[17,18]. Longer operative times in robotic compared to laparoscopic surgeries 
were reported in earlier studies performed between 2010-2014[9,12], however, later studies have found no 
difference in times comparing laparoscopic with robotic colorectal resections[11,19]. 

Global utilization of the robot has enabled an international meta-analysis of 22 studies comparing operative 
times, demonstrating a significant difference in favour of laparoscopic over robotic procedures[20]. Surgeon 
experience, case volume, and consistency of the operative team are major factors affecting operative 
efficiency for both methods. A more detailed analysis of operative time will be discussed below with an 
overview of the learning curve.

Cost
Laparoscopic instruments are repeatedly reusable, apart from energy devices and staplers which are 
discarded after one operation. Robotic instruments are calibrated for a finite number of uses per instrument; 
typically, after ten operations the instrument must be replaced. However, the individual instruments 
contribute to only a small part compared to the cost of using the platform. It is difficult to capture cost 
differences regarding the procedure itself, as many studies utilize the total cost of hospitalization as their 
endpoint. Alharthi et al.[21] looked at sigmoid colectomies and found a cost difference of $45,057 vs. $57,871 
in favour of laparoscopic procedures. This margin has been repeatedly demonstrated on subsequent studies 
including a meta-analysis of randomized controlled trials, with a reported average higher cost of $8,000-
$10,000 for robotic procedures[22,23]. 
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A few studies have been successful in evaluating the cost differences between robotic and laparoscopic 
surgery examining only the charges specific to the procedure. Ramji et al.[24] found the intraoperative 
robotic costs to be twice as much compared to laparoscopic costs Some evidence exists that increased 
experience over time leads to fewer charges with robotic procedures. Al-Mazrou et al.[7] found that, despite 
a significantly higher cost with the robot over a span of three years, the cost difference reduced over time 
for the robotic group: $2698 in 2012, $2235 in 2013, and $1402 in 2014. Given the lack of significant 
differences in many perioperative parameters between the two groups, the cost associated with the robotic 
procedure is the one consistent metric upon which improvements can be made.

POSTOPERATIVE OUTCOMES
Pain
Robotic and laparoscopic surgery share similar incisions via trocar and specimen extraction sites. 
A robotic right colectomy typically involves an intracorporeal anastomosis, allowing for extraction 
through a Pfannenstiel incision at the conclusion of the procedure. Investigating this theory of a less 
painful incision, Kelley et al.[25] reported a 50% lower use of postoperative narcotics in the robotic group 
compared to laparoscopic right hemicolectomies. Within the literature specific to rectal procedures, there 
are no statistically significant differences in postoperative pain scores or analgesic use between the two 
interventions[18,26]. 

Ileus
There were no observed differences in several independent studies of laparoscopic vs. robotic rectal 
resections in terms of postoperative ileus. Pooled data from eight studies with 854 patients failed to reach 
significance regarding the incidence of prolonged ileus between the two groups, nor was there a difference 
in time to resumption of regular diet[27]. Feinberg et al.[11] reported ileus rates of 9.5% for robotic vs. 10.4% 
for laparoscopic rectal resections, which was not statistically significant. While the rates of ileus were as 
high as 12%-17% in another study, comparisons between laparoscopic and robotic surgery continued to 
show no difference. Conversely, a meta-analysis of over 125,989 patients undergoing colectomies did show 
a statistically significant faster time to recovery of bowel function in the robotic group, though these groups 
were vastly uneven (121,055 laparoscopic patients vs. 4,934 robotic patients)[28]. Given the plethora of case-
matched, well-performed studies listed previously, there is no clear difference in ileus rates between the two 
methods.

Surgical infection and anastomotic leak
Surgical site infection and anastomotic leak rates were not shown to be different between the robotic and 
laparoscopic surgery groups for rectal cancer in the ROLARR randomized clinical trial[29]. The results 
from this international, multi-institutional study support the findings of four other independent studies 
demonstrating no significant difference between the two arms[9,11,30,31]. 

Length of stay
Multiple studies have shown no difference in the length of stay between robotic and laparoscopic 
proctectomy[9,32]. While two studies claim statistically significant differences in data (0.6 days and 0.4 days, 
both favouring robotic surgery), this does not translate into clinical relevance[12,33]. Additionally, it is also 
hard to determine if the cost of hospitalization is affected due to the time difference. Many confounding 
variables can account for differences this diminutive, including wait times while admitted in holding 
prior to the procedure, operative times, and availability of transportation home on the day of discharge. 
A comprehensive review of the National Impatient Sample database by Alharthi et al.[21] did show a 
meaningful difference of 4.8 days for robotic vs. 5.7 days for laparoscopic approach. This study is the 
only one to also look at hospital charges, and despite a shorter length of stay the robotic group still had 
significantly higher hospital charges. 
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Urogenital/sexual function
Pelvic dissection carries a risk of urogenital dysfunction secondary to nerve injury, particularly during 
total mesorectal excision. Injury to the hypogastric plexus in the presacral space and the pelvic splanchnic 
nerves (nervi erigentes) in the pelvic sidewall can cause significant morbidity. Postoperative urinary 
retention and erectile dysfunction may result from damage to these nerves. Proposed benefits of the robotic 
platform include more precise dissection afforded by the wristed instruments and better depth perception 
due to the binocular lens. These two advantages are postulated to help identify and preserve these nerve 
branches to reduce morbidity. There is consensus in the literature that postoperative urinary function 
scores in women fail to show a difference between robotic and laparoscopic surgery[29,34,35]. The standardized 
International Prostatic Symptom Score is typically used to measure male urinary function scores. Two 
prospective studies, as well as a meta-analysis, failed to show a major difference in male urinary symptoms 
at multiple time points postoperatively when comparing the two surgical techniques[29,34,36,37]. Other studies 
revealed only minor differences regarding an earlier return to baseline function, or shorter time to catheter 
removal[30,35]. 

Sexual function returns faster in patients after undergoing robotic procedures vs. traditional laparoscopy. 
Reviewing quality of life and sexual outcomes in robotic surgery specific to rectal cancer, there was no 
difference in erectile function comparing high vs. low anterior resection vs. abdominoperineal resection. 
Luca et al.[38] examined only robotic procedures and reported a decrease in erectile dysfunction compared 
to baseline at 3 and 6 months, but returning to baseline in one year. The literature comparing sexual 
function after robotic vs. laparoscopic resection consistently demonstrates favourable outcomes for robotic 
surgery. A case-matched comparison between laparoscopic and robotic procedures revealed no change 
from baseline at one year, however the robotic group had significantly better erectile function within the 
first six months[36]. Another comparative study supported these findings which found that male sexual 
function scores deteriorated across all components of the questionnaire in the laparoscopic group but not 
in the robotic group[35]. Given this review of the literature, urinary outcomes are comparable between the 
groups, however the data favours robotic surgery for earlier return to baseline sexual function. 

Learning curve
Transitioning from open procedures to minimally invasive techniques can be a daunting task for the 
surgeon. While both robotic and laparoscopic surgery are an entirely new skill set, it is postulated that 
the robotic platform facilitates this shift to modern surgical techniques. Patient outcomes and surgical 
efficiency are standard outcomes for measuring the learning curve for these operations. The literature 
supports a rather short learning curve for the robotic platform, as many surgeons are already experienced 
in laparoscopic surgery and quickly make the adjustment to robotics. A systematic review of the learning 
curve evaluated by operative times found a range of 5 to 310 cases for laparoscopic surgery (most were in 
the range of 35-50), and 15 to 30 cases for robotic surgery[39]. Other studies also support a case volume of 
50-80 laparoscopic vs. 20-50 robotic surgeries is necessary to attain proficiency[10,40,41]. 

A unique study investigated the simultaneous learning curves of a surgical fellow/trainee by evaluating 
both laparoscopic and robotic right hemicolectomy operative times. The numbers of procedures required 
to identify a decrease in operative time was determined to be 16 for robotic surgery and 25 for laparoscopic 
surgery[42]. There is evidence that surgeons with little to no laparoscopic experience can successfully 
transition directly to the robotic platform. Kim et al.[43] compared two surgeons performing 100 rectal 
cancer cases, one of which had performed less than 30 laparoscopic procedures vs. a surgeon that had done 
over 300 laparoscopic surgeries. The inexperienced minimally invasive surgeon showed a marked decrease 
in operative time after 17 cases and had shorter operative times at the completion of the study without any 
difference in oncological outcomes compared to the seasoned laparoscopist. In conclusion, the learning 
curve for robotic surgery is faster than laparoscopy, and feasible for all experience levels.
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CONCLUSION
Robotic surgery has gained widespread popularity for many reasons. Ergonomically, many surgeons prefer 
the robot console for comfort over the course of lengthy operations. Workplace overuse injuries specific 
to laparoscopic surgery can include neck, lower back, and wrist ailments, due to instrument handling and 
monitor positioning. The reported percentage of musculoskeletal disorders ranges from 73%-100% for 
laparoscopic surgery and 23%-80% for robotic surgery[44]. Electromyography has been used to compare 
muscle activation between laparoscopic and robotic surgery, revealing that muscle activation was higher 
in most muscle groups in laparoscopic compared to robotic surgeons[45]. The only muscle group that did 
not show significant difference in activation was the trapezius, and this was correlated to poor positioning 
of the robotic eyepiece. Lee et al.[46] surveyed 432 exclusively robotic surgeons and reported that 56% of 
surgeons still have discomfort manifested by eye strain, neck stiffness, and finger fatigue, as well as lower 
back stiffness with increased surgical volumes. 

This review of the literature clearly demonstrates both minimally invasive techniques to be equivalent in 
terms of meaningful perioperative outcomes, though intraoperative costs are consistently higher for robotic 
surgery. One must be careful when evaluating the data as there are many unmeasurable confounding 
factors that may affect outcomes. Conversion rates may be misrepresented in favour of robotic surgery 
if complicated cases with an anticipated high likelihood of conversion to open surgery were planned 
laparoscopically to save time docking the robot. Operative times may be misrepresented as none of the 
data evaluated teaching atmospheres and time given to the surgical trainee vs. the attending physician. The 
narrow length of stay differences may be affected by preoperative delays or postoperative transportation 
availability. Despite all these possibilities, the two platforms continue to show negligible differences that do 
not reach statistical significance in almost all studies. The robotic platform may boast a shorter learning 
curve, though it should be noted in many of these cases the surgeon already has laparoscopic experience 
performing the procedure and understanding the planes of dissection.

Much effort has been spent evaluating the difference between these platforms. However, the incision, 
extraction site, surgeon, and operation are the same, save for the advanced capabilities inherent in the 
robotic instruments. The ultimate decision on whether to perform robotic vs. laparoscopic surgery should 
be based on surgeon preference and familiarity with equipment, as well as local resources. 
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