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ABSTRACT 

Background: Along with the increasing trend of robotic surgery 

adoption, various healthcare centers are beginning to consider 

transitioning from open or laparoscopic approaches to robot-

assisted surgical techniques for the management of rectal cancer. 

Methods: A literature search was conducted on the Medline (via 

PubMed), Google Scholar, and ResearchGate databases to find 

relevant articles from early 2014 to January. All randomized 

clinical trials (RCTs) and prospective studies comparing robotic 

surgery with open or laparoscopic rectal resection were included. 

Results: A total of 15 RCTs and 11 prospective studies with a total 

of 6,922 patients were included. The review results showed that 

robotic surgery was associated with less blood loss, lower surgical 

site infection rates, shorter hospital stays, and higher rates of 

negative resection margins compared to open surgery. Compared  
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to laparoscopy, robotic surgery showed lower conversion rates, 

less blood loss, lower reoperation rates, and lower mortality. 

However, operative time and procedure costs for robotic surgery 

were higher compared to both approaches. 

Conclusion: The robotic approach is a safe and effective option 

for rectal resection, with clear advantages over open surgery. For 

centers transitioning from laparoscopic techniques, cost 

considerations need to be carefully calculated. 

Keywords: rectal cancer; operative outcomes; rectal resection; 

costs; laparoscopic surgery; robotic surgery; systematic review    .  
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INTRODUCTION 

Colorectal cancer is the third most common cancer worldwide, and approximately 35% of 

these cases are rectal carcinomas. In 2020, approximately 700,000 cases of rectal cancer were 

recorded, with around 340,000 related deaths worldwide (1,2). This high incidence rate has led to 

great attention being given to the diagnosis and management of rectal cancer. To date, the primary 

treatment performed is surgical resection, either through sphincter-preserving proctectomy with 

Total Mesorectal Excision (TME) or abdominoperineal excision (3). For many years, rectal 

resection techniques have been performed using open and laparoscopic approaches. However, with 

technological advancements, robot-assisted surgery has been developed to improve the quality of 

minimally invasive procedures (5,7). 

A number of studies have shown that rectal surgery using open and laparoscopic techniques 

has relatively comparable perioperative morbidity and mortality rates. Nevertheless, the 

laparoscopic approach tends to offer benefits such as less intraoperative bleeding, faster recovery, 

and shorter hospital stays compared to open surgery (8,10). On the other hand, laparoscopic 

techniques require specialized skills, thus demanding more intensive training for operators (11). 

Furthermore, this method also has technical limitations, such as limited hand movements, two-

dimensional visualization, and limited instrument flexibility within the narrow pelvic cavity, which 

can affect resection margins (15,16,17). 

These limitations were subsequently addressed with the introduction of robot-assisted 

surgery in 2001. This technology offers advantages such as better movement, three-dimensional 

visualization of the surgical field, and instruments with higher maneuverability. Additionally, 

robotic surgery has proven effective and efficient in managing various pelvic cancers, as it provides 

better control for the operator, increases procedural accuracy, and reduces physical strain during 

surgery (15,16,17). 

Various studies have compared different rectal surgery techniques (6,18). Along with the 

increasing use of robotic technology, many healthcare centers are beginning to shift from open or 
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laparoscopic methods to robot-assisted surgery for managing rectal cancer. To determine the most 

optimal approach, a comprehensive understanding of the differences in surgical, pathological, 

oncological outcomes, and cost aspects between robotic, laparoscopic, and open methods is 

required. Although several systematic reviews and meta-analyses have been conducted, 

comprehensive studies—especially after the learning curve phase of robotic technology use—

remain limited (19,21). 

METHODS 

This study was organized following the Preferred Reporting Items for Systematic Reviews 

(PRISMA) guidelines (29,30). A systematic literature search was conducted on the Medline (via 

PubMed), Google Scholar, and ResearchGate databases to find relevant articles from early 2014 to 

January 2026. Additionally, the reference lists of identified studies were also searched to find 

additional appropriate references. The keywords used included terms related to colorectal surgery 

patients, robot-assisted surgery, laparoscopic surgery, and operative and postoperative outcomes. 

The study selection criteria for this systematic review were arranged based on the PICOS approach 

with certain adjustments. The included population was human patients with colorectal diseases 

undergoing surgical procedures. The intervention studied was robot-assisted surgery, with the 

comparison group being laparoscopic surgery. The types of procedures reviewed were limited to 

colorectal cancer surgery. Studies meeting the inclusion criteria included (1) randomized controlled 

trials (RCTs), cohort studies, case-control studies, or other comparative studies; (2) studies included 

in the analysis were those with available full text, written in English or Indonesian, and published 

between 2014 and 2026. The exclusion criteria included articles containing literature reviews, 

editorials, and case reports. Non-comparative studies were also not included. Furthermore, studies 

with incomplete or inadequate data for analysis, as well as studies discussing surgical procedures 

outside the colorectal field, were excluded from this review. 

RESULTS 

The systematic search yielded a total of 18,667 articles. After the deduplication process, 

15,957 articles were screened based on title and abstract, and from these, 125 articles were selected 
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for in-depth review. Based on this selection process, 15 randomized clinical trials (RCTs) and 11 

prospective studies met the predetermined eligibility criteria and were included in the qualitative 

analysis and quantitative meta-analysis. The flow of this selection process is detailed in the 

PRISMA flow diagram (Figure 1), while the characteristics of all included studies are presented in 

Table 1. 

 
Figure 1. PRISMA Flow Diagram (Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses) 

Overall, this study involved 6,922 patients, of which 5,348 patients came from studies 

comparing laparoscopic procedures with robot-assisted surgery, and the remaining 1,574 patients 

came from studies comparing open surgical procedures with robot-assisted surgery. The included 

studies originated from 13 different countries. During further review, it was found that Jayne et al. 
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and Corrigan et al. used data sourced from the same randomized clinical trial, namely ROLARR. 

Therefore, both articles were treated as a single data unit from the ROLARR clinical trial, and 

outcome data extraction was performed based on the cumulative data available. 

Table 1. Characteristics of Studies Included in Qualitative Analysis (Representative) 

Study (Year) Design Country Groups Age 

(Mean ± 

SD) 

Gender 

(M/F) 

BMI Robotic 

Technique 

Bertani et al. 

(2014) 

Prospective Italy ROB: 52 

/ Open: 

34 

59.6 ± 

11.6 / 

63.2 ± 

10.5 

31/21 / 

20/14 

24.8 ± 

3.62 / 

25.6 ± 

3.85 

Full-robot 

Somashekhar 

et al. (2015) 

RCT India ROB: 25 

/ Open: 

25 

56.36 ± 

8.21 / 

59.56 ± 

5.75 

17/8 / 

15/10 

31.51 ± 

3.02 / 

29.84 ± 

2.75 

N/A 

Xu et al. 

(2017) 

RCT China ROB: 

173 / 

Open: 

154 

N/A N/A N/A N/A 

Baik et al. 

(2014) 

RCT South 

Korea 

ROB: 18 

/ LAP: 

18 

57.3 ± 

6.3 / 

62.0 ± 

9.0 

14/4 / 

14/4 

22.8 ± 

1.8 / 

24.0 ± 

2.5 

Hybrid 

REAL Trial 

(2022) 

RCT China ROB: 

586 / 

LAP: 

585 

59.1 ± 

11 / 60.7 

± 9.8 

356/230 

/ 

354/231 

23.5 ± 

3.3 / 

23.5 ± 

3.1 

Full-robot 
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Feng et al. 

(2022) 

RCT China ROB: 

174 / 

LAP: 

173 

58.2 ± 

9.6 / 

59.5 ± 

10.2 

108/66 / 

113/60 

N/A Full-robot 

Quijano et al. 

(2020) 

Prospective Spain ROB: 81 

/ LAP: 

104 

63.98 ± 

9.68 / 

61.37 ± 

10.7 

54/37 / 

85/55 

25.98 ± 

4.2 / 

25.23 ± 

5.38 

N/A 

ROB: Robot-Assisted Surgery; LAP: Laparoscopy; RCT: Randomized Clinical Trial; BMI: Body 

Mass Index; N/A: Not Available 

Based on the assessment using the RoB2 instrument, eleven of the fifteen RCTs adequately 

described the random sequence generation method, including the use of computer-based random 

numbers, minimization methods, and sealed envelopes. These eleven studies were judged to have a 

low risk of bias, while the other three studies were categorized as having some concerns regarding 

bias. 

Regarding allocation concealment, only five studies reported the method in detail and were 

judged to have a low risk of bias, whereas eight studies showed some concerns and two studies 

were judged to have a high risk of bias. In terms of blinding, eight studies did not provide sufficient 

information regarding the blinding method for participants, personnel, or outcome assessors, and 

were thus categorized as having some concerns for bias. Seven studies were judged to have a high 

risk of bias for blinding of participants and personnel, while three studies had a high risk of bias for 

blinding of outcome assessors. Nevertheless, five studies reported adequate methods for blinding 

outcome assessors, thus minimizing bias risk, and these studies were categorized as having a low 

risk of bias. 

Regarding completeness of data, eight RCTs had no missing data or adequately explained 

why incomplete data would not affect the study results, and were thus categorized as having a low 

risk of bias. The other seven RCTs did not provide sufficient information to evaluate data 

completeness and were categorized as having some concerns for bias. In terms of selective 
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reporting, eight RCTs had published study protocols or clinical trial registrations beforehand and 

were judged to have a low risk of bias, whereas the other seven RCTs did not provide adequate data 

and were categorized as having some concerns for bias. 

Table 2. Risk of Bias Assessment of RCTs Using the RoB2 Instrument (Representative) 

Study (Year) Domain 

1 

Domain 

2 

Domain 

3 

Domain 

4 

Domain 

5 

Domain 

6 

Domain 

7 

Overall 

Baik et al. 

(2014) 

Low Low Some 

concern

s 

Some 

concern

s 

Some 

concern

s 

Some 

concern

s 

Some 

concern

s 

Some 

concern

s 

Patriti et al. 

(2014) 

Some 

concern

s 

Some 

concern

s 

Some 

concern

s 

Some 

concern

s 

Some 

concern

s 

Some 

concern

s 

Some 

concern

s 

Some 

concern

s 

Somashekha

r et al. 

(2015) 

Some 

concern

s 

Some 

concern

s 

High High Some 

concern

s 

Some 

concern

s 

High High 

Jayne et al. 

(2017) 

Low Some 

concern

s 

Some 

concern

s 

Low Low Low Low Some 

concern

s 

M.J. Kim et 

al. (2018) 

Low Low High Low Low Low Low High 

Tolstrup et 

al. (2017) 

Low Some 

concern

s 

High High Low Some 

concern

s 

Low High 

REAL Trial 

(2022) 

Low Low High Low Low Low Low High 

Feng et al. 

(2022) 

Low Some 

concern

High Low Low Low Low High 
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s 

Liu et al. 

(2022) 

High High High Some 

concern

s 

Some 

concern

s 

Low Some 

concern

s 

High 

Domain 1: Random sequence generation; Domain 2: Allocation concealment; Domain 3: Blinding 

of participants & personnel; Domain 4: Blinding of outcome assessors; Domain 5: Incomplete 

outcome data; Domain 6: Selective reporting; Domain 7: Other bias 

Regarding other sources of bias, seven studies presented adequate information on funding 

sources, potential industry bias, sample size calculation, and conflicts of interest, and were thus 

judged to have a low risk of bias. One study was judged to have a high risk of bias, and the other 

seven studies did not present sufficient data and were categorized as having some concerns for bias. 

Overall, seven studies (46.7%) were judged to have a high risk of bias, while the remaining eight 

studies (53.3%) were categorized as having some concerns regarding bias. Regarding non-

randomized prospective studies, the overall risk of bias was judged as moderate in seven studies 

(63.6%) and serious in four studies (36.4%). The quality of evidence based on GRADE assessment 

was categorized as low to very low for most of the outcomes analyzed. 

DISCUSSION 

In recent decades, the increased use of minimally invasive colorectal resection techniques 

has enhanced patient satisfaction. This is reflected in shorter hospital stays, faster return to normal 

activities, and reduced complications at the surgical site. These advantages have driven the shift in 

surgical practice from open techniques to minimally invasive approaches (54). Laparoscopic 

colorectal resection shows acceptable surgical outcomes and continues to improve with instrument 

development and increased operator experience. Several studies report comparable operative and 

oncological outcomes between laparoscopic and open surgery, although some studies indicate a 

higher risk of positive circumferential resection margins (CRM) and incomplete total mesorectal 

excision (TME) in laparoscopic procedures (12,55,56). 
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Robotic surgery was then introduced to overcome the limitations of laparoscopic techniques 

through more advanced technology, such as three-dimensional visualization, articulated arms with 

higher degrees of freedom, and better ergonomics. These advantages are particularly beneficial in 

patients with a narrow pelvis, male patients, obese patients, and those with anterior tumors 

undergoing neoadjuvant chemotherapy (6,57). 

Several randomized clinical trials (RCTs) and systematic reviews indicate that operative and 

oncological outcomes between robotic and laparoscopic surgery are relatively comparable, but 

limitations remain in these studies (58,59). Some studies only compare two methods or involve a 

limited number of studies and participants, while others include retrospective studies or only 

evaluate specific aspects such as urogenital function, quality of life, or long-term oncological 

outcomes (22). Studies comparing robotic and laparoscopic surgery mostly do not include RCTs 

and only assess pathological outcomes. Therefore, this study was designed to directly compare 

operative and postoperative outcomes such as anastomotic leakage, conversion to open surgery, and 

economic aspects between robotic and laparoscopic rectal resection, including RCTs and 

prospective studies to increase the strength of evidence (25,26). 

The analysis results show that rectal resection using robotics has outcomes related to lower 

blood loss, lower surgical site infection rates, and shorter hospital stays compared to laparoscopy, 

although operative time is longer. There was no significant difference in complication rates between 

the two techniques. Compared to laparoscopy, robotic surgery also has longer operative time but 

shows lower conversion rates, less intraoperative blood loss, lower reoperation rates, and lower 

mortality rates (60,62). 

Conversion to open surgery is known to be associated with increased complications, 

mortality, and worse oncological outcomes. In this study, conversion rates were lower in robotic 

surgery, possibly due to better visualization, more optimal access to the pelvic area, and higher 

instrument maneuverability. Furthermore, lower blood loss in robotic procedures is thought to be 

related to better vascular control due to magnified visualization and precision of dissection. Given 

that high blood loss is associated with worse prognosis in colorectal malignancy, this finding 

suggests a potential prognostic advantage of the robotic approach (64,65). 
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Longer operative duration in robotic surgery is likely due to the additional time required for 

preparation and setup of the robotic system (21,23,26,66). However, this duration tends to decrease 

with increasing experience of the surgical team, with the learning curve showing significant 

improvement after a certain number of procedures. Even with equivalent experience levels, some 

studies show that robotic operative time can be shorter than laparoscopy (67). 

In terms of hospital stay and surgical site infection, the robotic approach shows better 

outcomes compared to open surgery, but no significant difference compared to laparoscopy. 

Variation in results across studies is possibly due to differences in evidence quality, study 

characteristics, and operator experience (68). 

From an economic perspective, robotic surgery costs are higher than open and laparoscopic 

methods, mainly due to expensive equipment and instruments. However, these costs are expected to 

decrease with technological development and increased market competition, potentially improving 

cost-effectiveness in the future (26,28). 

The learning curve is also an important consideration. Laparoscopic techniques require 

longer experience to achieve proficiency compared to the robotic approach. This suggests that the 

robotic method could be a primary choice for surgical centers wishing to transition from open to 

minimally invasive techniques, although cost aspects still need to be considered (69). 

Laparoscopic rectal resection requires a learning curve of approximately 40–90 cases before 

a surgeon accustomed to open techniques achieves proficiency. In contrast, the learning curve for 

robotic resection is relatively shorter, approximately 21–43 cases for surgeons experienced in open 

procedures. This is likely due to similarities in access, visualization, and maneuverability between 

the open and robotic approaches (11,70). 

Table 3. Summary of Outcome Comparisons: Robotic vs. Open and Laparoscopic Surgery 

Outcome Robotic vs. Open Robotic vs. 

Laparoscopy 

Interpretation 

Blood Loss ✓ Lower in robotic ✓ Lower in robotic Robotic superior in bleeding 

control in both comparisons 



 

   Research Article                                                             Volume 48, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

218 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

Operative Time ✗ Longer in 

robotic 

✗ Longer in robotic Robotic requires more time — 

related to system setup 

Conversion to 

Open 

-- ✓ 3x lower in 

robotic 

Robotic significantly reduces 

conversion risk 

Surgical Site 

Infection 
✓ Lower in robotic = Not significantly 

different 

Robotic advantage only over open 

surgery 

Reoperation = Not significantly 

different 
✓ Lower in robotic Robotic reduces need for 

reoperation vs. laparoscopy 

Length of 

Hospital Stay 
✓ Shorter in 

robotic 

= Not significantly 

different 

Robotic advantage only over open 

surgery 

Mortality = Not significantly 

different 

= Not significantly 

different 

No significant difference in 

perioperative mortality 

Operative Cost ✗ Higher in 

robotic 

✗ Higher in robotic Robotic costs consistently higher 

✓ = Robotic advantage; ✗ = Robotic disadvantage; = No significant difference; -- = Not reported 

These findings suggest that the robotic approach could be a primary choice for surgeons or 

healthcare centers planning to transition from open techniques to minimally invasive procedures for 

rectal resection, given its shorter learning curve. Nevertheless, the higher cost aspect still needs to 

be considered. Centers that routinely perform laparoscopic rectal resection may also consider 

transitioning to the robotic approach, especially if the required costs remain within reasonable limits 

(68,71,72). 

CONCLUSION 

In conclusion, the robotic approach is a safe and effective method for rectal resection. 

Compared to laparoscopy, this method offers significant advantages in both surgical and 

postoperative outcomes, so robot-assisted rectal surgery can be considered a viable alternative to 

replace laparoscopy or open surgery. When compared to laparoscopy, the use of the robotic 
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approach indeed has higher costs. However, this technique offers several advantages, such as lower 

conversion and reoperation rates to open surgery, less blood loss, lower anastomotic leakage, faster 

hospital stays, and lower mortality rates. Along with market development and the increasing use of 

robotic systems in clinical practice, investment and instrument costs are expected to decrease, thus 

potentially encouraging broader adoption of robotic surgery in rectal resection procedures. 
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