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Abstract
The robotic platform matches or surpasses laparoscopic surgery in postoperative results. However, limited date and slow 
adoption are noticed in the middle east. We aimed to report outcomes of robotic and laparoscopic colorectal surgery per-
formed by fellowship-trained robotic colorectal surgeons and compare it to larger more experienced centers. Retrospective 
review of prospectively collected data between 2021 and 2023 of 107 patients who had robotic-assisted or laparoscopic-
assisted colorectal surgery was included in the study. The outcomes were overall morbidity, serious morbidity, mortality, 
conversion to open, length of hospital stay, and the quality of oncological specimen. Of 107 patients, 57 were in the robotic 
and 50 were in the laparoscopic surgery groups. Overall, there were no significant differences in overall morbidity (46.8 vs. 
53.2%, p = 0.9), serious morbidity (10.5 vs. 8%, p = 0.7), or mortality (0 vs. 4%, p = 0.2). Regarding oncological outcomes, 
there were no significant difference between the two groups regarding the number of lymph node harvested (17.7 ± 6.9 vs 
19.0 ± 9.7, p = 0.5), R0 resections (92.7 vs. 87.1%, p = 0.5), and the rate of complete mesorectal excision (92.7 vs. 71.4%, 
p = 0.19). The study found that the robotic group had an 86% reduction in conversion rate to open surgery compared to the 
laparoscopic group, despite including more obese and physically dependent patients (OR = 0.14, 95% CI 0.03–0.7, p = 0.01). 
Robotic surgery appears to be a safe and effective as laparoscopic surgery in smaller colorectal surgery programs led by 
fellowship-trained robotic surgeons, with outcomes comparable to those of larger programs.
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Introduction

In recent years, minimally invasive (MIS) colorectal sur-
gery has become the standard of care in surgical treatment 
for both malignant and benign disease processes. Compared 
to open surgery, MIS offers faster patient recovery, shorter 
length of hospital stay (LOS), and less perioperative mor-
bidities without compromising oncological outcomes [1]. 
Rational for its superiority includes less trauma to the 
abdominal wall (small incisions), minimal exposure of 
internal organs to the external environment, minimal tissue 
manipulation, less tissue trauma, and easier precise sharp 
dissection within the confinement of the narrow pelvis [1]. 
However, laparoscopic surgery has its own limitations, such 
as relatively high conversion rate to open surgery, arguably 
higher positive circumferential resection margin (CRM) 
rates in locally advanced cancer, suboptimal visualization 
of deep structures due to limited two-dimensional views in 
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association with poor stability provided by conventional lap-
aroscopic-assisted controlled camera, and poor ergonomics 
of the straight tip instruments leading to enhanced tremor 
effect [2, 3]. The da Vinci surgical system (Intuitive Surgi-
cal, CA, USA) was the first robotic surgical system to be 
approved by the FDA in 2000. It was introduced as an inno-
vative device that could overcome many of the limitations 
of laparoscopic surgery. The robotic platform demonstrated 
that it could alleviate the anatomical limitation of the bony 
pelvis and provide precise stable dissection in a confined 
pelvic space, facilitated by efficient third-arm retraction, fine 
instrument movement with flexible EndoWrist instruments 
that allowed 7 degrees of freedom and a magnified three-
dimensional camera view [4, 5]. According to the current 
literature, employment of the robotic platform demonstrates 
a favorable safety profile and is associated with promising 
oncological outcomes [6–10]. Compared to laparoscopy, 
robotic surgery has proven to have similar postoperative 
morbidity and oncological outcomes, with data showing 
trends toward lower conversion rates when performed by 
experienced robotic surgeons [11].

The adoption of robotic surgery in the Middle East has 
been slow, and there are very limited data regarding out-
comes in newly established programs. This study aims to 
report our experience and short-term outcomes of robotic 
colorectal surgery performed by fellowship-trained robotic 
colorectal surgeons compared to laparoscopic approach.

Methods

A retrospective review of prospectively collected data from 
2021 to 2023 was performed. All operations were performed 
at Jabir Al-Ahmad Hospital by surgeons with experience in 
both open and laparoscopic surgery who underwent fellow-
ship training in robotic colorectal surgery for a minimum 
of 1 year. All surgeons had at least 3 years of independent 
practice following fellowship. Robotic-assisted colorectal 
surgery was first introduced in our institution in 2021 and, 
in this study, we included all patients who underwent this 
surgical modality since then.

Study population

All patients > 18 years of age who underwent inpatient 
robotic- or laparoscopic-assisted colorectal procedure in 
our institution from 2021 to 2023 were included. We did 
not include patients who had emergency procedures. Colo-
rectal procedures were identified using Current Procedural 
Terminology (CPT) codes. All patients who were candidates 
for minimal invasive surgery were offered robotic surgery. 
Reasons for not performing robotic surgery were either 
patient refusal to robotic surgery, unavailability of the robot, 

or patient’s primary surgeon not being robotic trained. These 
patients were included in the laparoscopic group.

Perioperative variables

Patient demographics, clinical characteristics, American 
Society of Anesthesiology (ASA) class, history of smok-
ing, physical dependency status (independent or partial/
complete dependency), 5-modified frailty index (mFI), 
and medical comorbidities were collected. Five variables 
were assessed as part of the 5-mFI: congestive heart fail-
ure, chronic obstructive pulmonary disease, hypertension 
requiring medication, diabetes, and non-independent func-
tional status. An mFI score was calculated for each patient 
by adding the number of frailty variables present (scored 1 
point per variable), resulting in a range from 0 to 5 points. 
Patients were stratified into two categories based on the 
number of variables: mFI = 0 or 1, and mFI ≥ 2. The use of 
surgical drains was also documented and collected. Patho-
logical specimen quality data including TNM classification, 
R0 resection, number of lymph nodes harvested, circumfer-
ential resection margin (CRM) status, and completeness of 
total mesorectal excision (TME) was recorded and collected. 
Thirty-day morbidity and mortality were collected as well.

Outcomes

Primary outcomes include overall 30-day morbidity, seri-
ous morbidity, mortality, and conversion to open. Overall 
morbidity includes minor (Clavien–Dindo score 1 or 2) and 
serious morbidity (Clavien–Dindo score 3 or 4). Conversion 
was defined as the unplanned change from any minimally 
invasive technique to an open approach. Oncological out-
comes including quality of resection and number of lymph 
nodes harvested were reported. In addition, length of hospi-
tal stay (LOS) was reported.

Perioperative care pathway

A standardized care pathway was followed by all patients: 
the day prior to the surgery, patients received mechanical 
bowel preparation accompanied by oral antibiotics, hair 
removal, and a chlorhexidine body wash. Moreover, preop-
erative anticoagulation and intravenous antibiotic adminis-
tration were provided to all patients. Following the surgical 
procedure, patients were started on a regimen of clear liquid 
diet at the post-recovery unit, and given nonsteroidal anti-
inflammatory drugs, paracetamol, and patient-controlled 
analgesia for pain control. Ambulation was encouraged once 
the patient was transferred to the floor, and Foley catheter 
removal occurred on postoperative day 1.
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Surgical technique

For robotic-assisted surgery, we used the Da Vinci SI robot 
(Intuitive Surgical Inc.) to perform all cases. A right hemi-
colectomy was counted as robotic if the ileocolic vessels 
ligation, medial dissection, lateral dissection, and the hepatic 
flexure dissections were performed by the robot. For left 
colon resection, the splenic flexure mobilization and dis-
section left colic and/or inferior mesenteric arteries (IMA) 
must have been performed by the robot. For anterior and 
low anterior resections, the IMA and the total mesorectal 
excision (TME) dissection must have been performed by 
the robot. With regards to the robotic port configuration, for 
anterior resection, low anterior resection, abdominoperineal 
resection, and rectopexy a right lower quadrant, umbilical, 
left upper quadrant, left lateral (level of anterior axillary 
line) robotic ports and right upper quadrant assistant port 
were used (Fig. 1). For left hemicolectomy cases, a right 
lower quadrant, umbilical, epigastric and left lateral (level 
of midclavicular line) robotic ports and right upper quadrant 
assistant port were used (Fig. 2). For right hemicolectomy, 

robotic ports were placed in the epigastric, umbilical, left 
lower quadrant, and right lower quadrant regions, in addi-
tion to a left upper quadrant assistant port (Fig. 3). In all 
robotic right hemicolectomies, the anastomosis was done 
intracorporeally. For laparoscopic right hemicolectomies, 
the anastomosis was done both intracorporeally and extra-
corporeally depending on the surgeon preference and case 
circumstances. Left colectomies anastomosis were done 
extracorporeally if side-to-side anastomosis was performed. 
For end-to-end anastomosis, the anvil was applied to the 
proximal limb extracorporeally, and then, the anastomosis 
was performed intracorporeally. For rectosigmoid and rec-
tal resections, the anvil was applied to the proximal limb 
extracorporeally, and then, the anastomosis was performed 
intracorporeally. Figure 4 illustrates extracorporeal anasto-
mosis and specimen extraction sites.

Statistical analysis

Continuous variables were expressed as means and stand-
ard deviation (SD) or median and interquartile range (IQR) 
as appropriate. Numbers and percentages were used for 

Fig. 1   Ports position for robotic anterior resection, low anterior resec-
tion, abdominoperineal resection, and rectopexy

Fig. 2   Ports position for robotic left hemicolectomy
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categorical variables for descriptive statistics of the study 
population. Pearson Chi-squared tests or Fisher’s exact tests 
were used to compare categorical variables, whereas t tests or 
Wilcoxon–Mann–Whitney tests were used to compare con-
tinuous versus categorical variables, as appropriate. Backward 
stepwise multivariable logistic regression (p value exit crite-
ria = 0.05) analysis was performed to evaluate the association 
between robotic vs laparoscopic surgery and the following 
outcomes: conversion to open and the number of lymph node 
harvested, adjusting for the following variables: age, gender, 
body mass index (BMI), dependency, and ASA. Statistical sig-
nificance was considered as a p value < 0.05. The data were 
analyzed using STATA statistical software package (STATA 
version 17, STATA Corporation, College Station, TX, USA).

Results

Univariate analysis

Demographics

One hundred and seven patients were included in the 
study, of whom 50 patients were in the laparoscopic group 
and 57 (53.3%) patients were in the robotic group. The 
robotic group had heavier patients (mean BMI 28.6 kg/
m2) than the laparoscopic group (mean BMI 27.7 kg/m2), 
though this was not statistically significant, p value = 0.5. 
Drains were significantly more frequently used in the 
robotic group compared to the laparoscopic group, 35 vs. 
19 patients, respectively, p value = 0.04. In the robotic 
group, most drains were used for proctectomies (64%), 
diverticular disease (14%), and rectopexies (14%). In the 
laparoscopic group, drains most drains were used follow-
ing proctectomies (60%) and diverticular disease (20%). In 
addition, there were statistically significant more depend-
ent patients in the robotic group compared to the laparo-
scopic group; 19 (33.3%) vs. 5 (10%), p value = 0.004. 
However, when we compared frailty scores (mFI scores), 
we found no significant difference between the two groups 
(Table 1).

Fig. 3   Ports for robotic right hemicolectomy.*MCL midclavicular 
line, AAL anterior axillary line, ML midline

Fig. 4   Specimens extractions and extracorporeal anastomosis site*O1 
Option 1, O2 Option 2
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Conversion to open

Out of 107 cases, just over 10% (n = 12) were converted to 
open. We found that laparoscopic cases were significantly 
more likely to be converted to open than robotic cases; 20% 
(n = 10) vs. 3.5% (n = 2), p value = 0.01). For the robotic 
cases, the cause of conversion was cardiac arrhythmias due 
to pneumoperitoneum in one case and technical difficulties 
in the other. For the laparoscopic group, one conversion was 
due to bulky tumor in the sigmoid not allowing for proper 
dissection around the tumor. The rest were due to techni-
cal difficulties such as narrow pelvis in male patients, and 
extensive adhesions.

Oncology

In the series, there were 72 oncology cases of which 41 
and 31 were robotic and laparoscopic, respectively. In both 
groups, most lesions were T3. In the robotic group, the dis-
tribution was T4 (15%), T3 (61%), and T2/1 (24%). In the 
laparoscopic group, the distribution was 16, 58, and 26%, 
for T4, T3, and T2/1 lesions, respectively. There were no 
significant differences between the two groups in relation to 
the number of lymph nodes harvested, rate of R0 resection, 
and the rate of complete mesorectal excision (Table 2).

Morbidity and mortality

Overall complication rate in the series was 26%. There was 
no significant difference between the two the groups and 

both were approximately 26%. There was two anastomotic 
leaks in the robotic group. One after rectosigmoid resection, 
which was managed by reoperation and end colostomy. In 
the second case, the patient had proximal colonic conduit 
ischemia following low anterior resection and hand-sewn 
coloanal anastomosis, which was managed with reoperation 
and end colostomy. In the laparoscopic group, there was 
one anastomotic leak after low anterior resection for rectal 
cancer, which was managed by drains, since the patient had 
diverting loop ileostomy. When evaluating serious morbid-
ity, the overall rate was 9.4%, including 8% in the laparo-
scopic group and 10.5% in the robotic group, and the differ-
ence was not statistically significant. Overall mortality rate 
was low, 1.95% (Table 2).

Length of hospital stay

The median length of hospital stay was 6 days. There was no 
significant difference between the two groups.

Multivariate analysis

Conversion to open, morbidity and mortality

On multivariate logistic regression analysis, we found that 
robotic surgery was associated with 86% reduction in con-
version rate to open compared to the laparoscopic group, OR 
0.14, 95% CI 0.03–0.7, p = 0.01). We found no difference 
between the two groups in terms of overall complications 

Table 1   Demographics

Bold values indicates p value is less than 0.05
*Variables with complete data (N = 107)

Variable Total [N = 107(100%)] Lap [N = 50(46.7%)] Rob [N = 57(53.3%)] P value

Age (years)* [mean ± SD] 54.2 ± 15.8 53.4 ± 17.6 54.8 ± 14.1 0.6
Sex (males)* [N (%)] 65(60.8) 28(56.0) 37(64.9) 0.3
BMI (kg/m2) [mean ± SD] 28.3 ± 6.3

(N = 87)
27.7.1 ± 6.8
(N = 35)

28.6 ± 6.0
(N = 52)

0.5

Smoking* [N (%)] 20(18.7) 11(22.0) 9(15.8) 0.3
Albumin (g/L) * [mean ± SD] 36.3 ± 6.1 35.0 ± 6.5 37.4 ± 5.6 0.04
Dependency* [N (%)] 24(22.4) 5(10.0) 19(33.3) 0.004
Drain* [N (%)] 54(50.5) 19(38.0) 35(61.4) 0.016
ASA* [N (%)]
 1 10(9.3) 3(6.0) 7(12.3) 0.27
 2 74(69.2) 38(76.0) 36(63.1)
 3 22(20.6) 8(16.0) 14(24.6)
 4 1(0.9) 1(2.0) 0(0.0)

Modified MFI [N (%)]
 1 or no comorbidity 47(43.9) 22(44.0) 25(43.9) 0.99

  ≥ 2 comorbidities 60(56.1) 28(56.0) 32(56.1)
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(OR 1.17, 95% CI 0.38–1.57), serious complications (OR 
0.80, 95% CI 0.15–4.10), or mortality (Table 3).

Discussion

To our knowledge, this is the first and largest comparative 
study of robotic versus laparoscopic colorectal surgery in 
the Middle East by colorectal surgeons trained in both 
minimally invasive approaches. Our overall conversion 
rate (10%) seems to be similar to other studies (rang-
ing between 5.9 and 34%). In our practice, we found the 
robotic approach to be superior, with 86% reduction in the 
odds of conversion compared to laparoscopy. Gravililidis 
et al. systematic review and meta-analysis of 25 studies of 
rectal cancer reported 74% reduction in the odd of conver-
sion in the robotic group [12]. Phan et al. systemic review 
and meta-analysis of 6 randomized control trials and five 

propensity-score matching studies reported that robotic 
surgery was significantly associated with 62% decrease in 
the odds of conversion to open; 6.7 vs. 14.5%, OR 0.38, 
95% CI 0.30–0.46 [13]. Ng et al.’s systematic review and 
meta-analysis of 76 studies found that robotic surgery was 
associated with 60% reduction in the odd of conversion 
(OR 0.40, 95% CI 0.30–0.50) [14]. When only RCTs were 
included, no significant difference was observed. However, 
the reduction in the rate of conversion was replicated in 
several other studies [15–17]. The ROLAAR study did 
not identify a significant difference between robotics 
(8.1%) and laparoscopic (12.2%) techniques; however, a 
subgroup analysis identified that surgeons with over 100 
prior robotic surgeries had significantly lower conversion 
rate, with 70% reduced rate in the odds of conversion (OR 
0.304, 95% CI 0.094–0.988) [11]. This significant finding 
was not replicated in surgeons with prior fewer than 100 
robotic cases. The positive effect of training on robotic 
surgery colorectal outcomes was reported by multiple 
studies [18, 19], which suggests that the learning curve 
in robotic surgery is a significant cofounder for colorectal 
surgery outcomes. We believe that in the field of colorectal 
surgery, robotic surgery is associated with reduction in 
the rate of conversion, especially if it was conducted by 
experienced and/or robotic fellowship-trained surgeons. 
This supports the hypothesis that proper utilization of the 
robotic superior ergonomics and visual field can yield sig-
nificant benefits over laparoscopy. It is not clear why the 

Table 2   Major outcomes—univariate analysis

Bold and italic values indicates p value is less than 0.05
*Variables with complete data (N = 107)

Variable Total [N = 107(100%)] Lap [N = 50(46.7%)] Rob [N = 57(53.3%)] P value

Conversion to open* [N (%)] 12(11.2) 10(20.0) 2(3.5) 0.01
Complications* [N (%)]
None
Minor
Serious

79(73.8)
18(16.8)
10(9.4)

37(46.8)
9(50.0)
4(40.0)

42(53.2)
9(50.0)
6(60.0)

0.9

Serious complications* [N (%)]
Yes
No

10(9.4)
97(90.7)

4(8.0)
46(92.0)

6(10.5)
51(89.5)

0.7

Length of stay (days) *
[median(IQR)]

7(5–9) 7(6–9.5) 7(5–8) 0.3

Mortality* [N (%)] 2(1.9) 2(4.0) 0(0.0) 0.2
Number of harvested lymph node 

[mean ± SD]
18.3 ± 8.2
(N = 66)

19.0 ± 9.7
(N = 30)

17.7 ± 6.9
(N = 36)

0.5

Resection [N (%)]
R0
R1
R2

65(90.3)
7(9.7)
0(0.0)
(N = 72)

27(87.1)
4(12.9)
0(0.0)
(N = 31)

38(92.7)
3(7.3)
0(0.0)
(N = 41)

0.5

Time [N (%)]
Incomplete
Partial
Complete

4(12.1)
0(0.0)
29(87.9)
(N = 33)

2(28.6)
0(0.0)
5(71.4)
(N = 7)

2(7.7)
0(0.0)
24(92.3)
(N = 26)

0.2

Table 3   Multivariate analysis robotics vs. laparoscopy

Bold and italic values indicates p value is less than 0.05

Outcome Odds ratio 95% Confident 
intervals

P value

Conversion top open 0.14 0.03–0.7 0.01
Overall complications 1.17 0.38–3.57 0.77
Serious complications 0.80 0.15–4.10 0.79
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significant reduction in risk of conversion did not translate 
to significant reduction in morbidity or length of hospital 
stay, though this was the situation in most other studies. 
Our morbidity and mortality rates appear to be on bar 
with other larger groups [11, 15, 19, 20]. In our cohort, 
there was no significant difference between robotic and 
laparoscopic surgery with regards to both overall com-
plications (both 26%) and serious complications (10.5 vs. 
8%). Gorsek et al. reported similar trends to ours regarding 
nonsignificant difference in serious complications (2.2 vs. 
8.1%) [21]. Palomba et al. reported no difference in their 
geriatric’s series in regards to overall complications (29 
vs. 25%) [17]. Fleming et al.’s propensity-score matching 
study reported no difference regarding both overall com-
plications (29.7 vs. 31.3%) and serious complications [22].

When we reviewed our specimen’s oncological quality, 
which can be used as predictor for long-term outcomes, such 
as local recurrence, disease-free survival, and overall sur-
vival, we found no significant difference between the two 
groups. Regarding both R0 resection and complete meso-
rectal excision, there were trends toward lower rates in the 
robotic groups. Our R0 resection was 92.7% in the robotic 
group compared to 87.1% in the laparoscopic group, and 
our complete mesorectal excision was 92.3% compared to 
71.4% in the robotic and laparoscopic group respectively. 
Other studies, including the ROLAAR study, reported simi-
lar outcomes to ours. However, Kethman et al.’s multicentric 
propensity-score matching study reported that both open and 
robotic techniques were associated with lower oncological 
success than laparoscopy [11, 23]. Specifically, they reported 
distal margin as the Achilles heel for this inferiority. In their 
discussion, they attributed this discrepancy between laparos-
copy and robotics due to the learning curve. We concur, as 
the superior ergonomics and exposure provided by the robot 
over laparoscopy can only be utilized with proper training. 
The robotic approach compared to other techniques in colo-
rectal surgery is still in its infancy worldwide and is facing 
similar challenges to when laparoscopic techniques were 
adopted initially.

Strengths and limitations

This is a retrospective review of prospectively collected data 
and the first cohort comparative study of robotic colorectal 
surgery in Kuwait and our region. It is unique, because it 
shines the light on what type of outcomes to expect if a new 
robotic program, led by fellowship-trained robotic colorectal 
surgeons, was to be established in small country/city with 
relatively small population. Our results are limited by the 
small sample size and lack of long-term outcomes. However, 
the quality of our surgical specimen would likely translate 
to acceptable long-term outcomes.

Conclusion

The robotic approach compared to other techniques in colorec-
tal surgery is still in its infancy worldwide and is facing similar 
challenges to when laparoscopic techniques were adopted ini-
tially. When colorectal robotic surgery is conducted by expe-
rienced and/or fellowship-trained robotic colorectal surgeons, 
the risk of conversion to open is significantly reduced. There-
fore, we gain the benefits of avoiding open surgery which is 
known to be associated with higher morbidity, longer hospital 
stay, and higher overall health costs. The morbidity, mortality, 
and pathological specimen’s quality in our robotic colorec-
tal case series are comparable to larger and more established 
robotic programs. In addition, our robotic conversion rate was 
lower than reported by some previous larger studies. Based 
on available literature, this is likely attributed to our program 
being conducted by fellowship-trained robotic colorectal sur-
geons. We believe that new robotic programs similar to ours 
should adopt a similar strategy to ensure safe and equivalent 
outcomes. In this context, analyzing larger sets of data looking 
into the above outcomes in addition to long-term outcomes 
such as local recurrence, disease-free survival, and overall 
survival is warranted in future studies.
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