
 

 
        

 
        

             
 

 
         

      
       

 
        

         
       

  
 

            
      

         
    

 
       

          
        

  
 

Robotic Rectal Cancer Resection: A Retrospective Multicenter Analysis 

Weill Cornell Medicine is an academic medical center that provides exemplary care for our patients. 
Our Division of Colon and Rectal Surgery includes the nation’s leading surgeons for colon and rectal 
surgical treatments.  

Above and beyond caring for patients, our compassionate physicians and surgeons also conduct 
research to advance medical understanding, treatments and standards. Notable research is written, 
reviewed by peer physicians, published and shared with physicians around the world. 

Dr. Alessio Pigazzi was appointed the chief of Colon and Rectal Surgery at Weill Cornell Medical 
Center/NewYork-Presbyterian in 2020. His research focuses on minimally invasive techniques to 
improve recovery after cancer surgery, postoperative chemotherapy and the relationship between diet 
and colorectal cancer. 

In this article, Dr. Pigazzi and his co-authors share their findings from an extensive study about robotic 
rectal resection (surgical procedure to remove part of the rectum) that was conducted at seven 
different institutions. The study aimed to find conclusive evidence that robotic surgery is a safe and 
feasible option for rectal cancer resection. 

The data collected from several surgeons at different institutions indicates that robotic-assisted 
minimally invasive surgery is safe and can be performed according to the best practices for cancer 
treatment. The evidence shows that it is an excellent treatment option, including for patients with 
challenging cases. 
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ABSTRACT 

Background. Conventional laparoscopy has been applied 

to colorectal resections for more than 2 decades. However, 

laparoscopic rectal resection is technically demanding, 

especially when performing a tumor-specific mesorectal 

excision in a difficult pelvis. Robotic surgery is uniquely 

designed to overcome most of these technical limitations. 

The aim of this study was to confirm the feasibility of 

robotic rectal cancer surgery in a large multicenter study. 

Methods. Retrospective data of 425 patients who under-

went robotic tumor-specific mesorectal excision for rectal 

lesions at seven institutions were collected. Outcome data 

were analyzed for the overall cohort and were stratified 

according to obese versus non-obese and low versus ultra-

low resection patients. 

Results. Mean age was 60.9 years, and 57.9 % of patients 

were male. Overall, 51.3 % of patients underwent neoad-

juvant therapy, while operative time was 240 min, mean 

blood loss 119 ml, and intraoperative complication rate 

4.5 %. Mean number of lymph nodes was 17.4, with a 

positive circumferential margin rate of 0.9 %. Conversion 

rate to open was 5.9 %, anastomotic leak rate was 8.7 %, 

with a mean length of stay of 5.7 days. Operative times 

were significantly longer and re-admission rate higher for 

the obese population, with all other parameters compara-

ble. Ultra-low resections also had longer operative times. 
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Conclusion. Robotic-assisted minimally invasive surgery 

for the treatment of rectal cancer is safe and can be per-

formed according to current oncologic principles. BMI 

seems to play a minor role in influencing outcomes. Thus, 

robotics might be an excellent treatment option for the 

challenging patient undergoing resection for rectal cancer. 

Traditionally, surgical treatment of colorectal cancer 

has been performed through a median laparotomy with 

the usual morbidity associated with major open surgery. 

The last 2 decades have witnessed a progressive expan-

sion of minimally invasive surgery in colorectal cancer 

resections, providing benefits of improved cosmetic out-

come, shorter hospital stay, and faster return to normal 

functioning.1–4 

However, the use of laparoscopy in rectal cancer has not 

yet achieved wide application as standard approach for 

patients with rectal cancer.5–8 The technical complexity of 

laparoscopic total mesorectal excision (TME), the long 

learning curve, and concern that those difficulties could 

jeopardize oncologic results remain limiting factors for 

laparoscopic rectal surgery.9 However, multiple trials and 

recent meta-analysis have shown that a TME can be safely 

performed laparoscopically, with lower morbidity and 

mortality, decreased length of stay, but longer operating 

room times, and conversion rates up to 20 %.1–7,10–15 

Several studies have demonstrated that additional chal-

lenging conditions, such as high body mass index (BMI), 

can lead to increased operative times, postoperative mor-
16,17bidity, and conversion rates. 

Laparoscopy has well-accepted limitations, such as 

disruption of the natural coupling between the surgeon’s 

http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-014-4278-1&amp;domain=pdf
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hands and eyes by the interposition of an independently 

moving camera. Other obstacles to natural motion 

include the fulcrum effect and the loss of two of the six 

degrees of freedom of the surgeon’s hand.18 Robotic 

assistance with the da Vinci� Surgical System (Intuitive 

Surgical, Inc., Sunnyvale, CA, USA) can overcome some 

of the obstacles of standard laparoscopy. Robotic surgery 

provides several advantages, namely three-dimensional 

visualization, articulated instrumentation, and a stable 

camera platform, which all lead to improved surgical 

ergonomics and cognitive and physical stress reduc-

tion.19–21 It allows the surgeon to regain the two lost 

degrees of freedom by introducing wristed instruments. 

The value of using six degrees of freedom becomes most 

evident in complex surgical procedures, particularly if 

performed within a confined space such as the pel-

vis.18–22 Several studies report excellent oncological and 

clinical outcomes for robotic rectal surgery, with poten-

tial advantages over conventional laparoscopy and open 
23–29 surgery. 

The aim of this study was to evaluate the feasibility, 

oncologic safety, and short-term outcomes of robotic rectal 

cancer resection in a large series collected from multiple 

institutions and surgeons. 

PATIENTS AND METHODS 

This was a multicenter, retrospective chart review of 

consecutive cases of robotic-assisted rectal resection per-

formed by participating surgeons at their respective 

institutions. It included all consecutive cases per surgeon 

from December 2008 through October 2013, until 30 days 

prior to Institutional Review Board (IRB) approval. First 

cases within the expected learning curve were included by 

all but two surgeons. 

The study was funded by Intuitive Surgical, Inc. under 

cooperative clinical trial agreement; funding was used to 

support IRB approval and data collection. The authors had 

full control of the study design, methods used, analysis of 

data, and manuscript production. The study investigators 

have a past or current contract with Intuitive Surgical, Inc. 

for proctoring and case observation support. 

Patients 

All patients with a primary rectal cancer within 15 cm 

from the anal verge who were seen by a robotic cancer 

surgeon and who were determined to be a candidate for 

robotic-assisted resection were included. These patients 

underwent robotic-assisted, tumor-specific mesorectal 

excision with primary anastomosis with or without 

diverting loop ileostomy. 

The IRB of each participating surgical institution 

approved (or provided approval exemption of) the study 

protocol and granted an informed consent waiver for use of 

de-identified information from existing medical records. 

Patient data were kept confidential and handled in accor-

dance with the Health Insurance Portability and 

Accountability Act of 1996. All data were collected and 
�stored in a centralized database (OpenClinica 2004–2009, 

Akaza Research LLC and collaborators). 

Patient demographic and operative characteristics, pro-

cedure-related morbidity and mortality, pathologic 

examination, and short-term oncologic outcomes were 

collected. Operative time was the time from first skin 

incision to placement of the last skin stitch. Robotic 

operative time was the time spent by the operating surgeon 

on the console, robotic docking time was not recorded, and 

no re-docking was performed. Obesity was defined as a 

BMI C30 kg/m2, according to the World Health Organi-

zation definition.30 Clinical leak was defined as an 

anastomotic dehiscence verified by any of the following: 

imaging [computed tomography (CT) or barium enema], 

change in drainage material, operative intervention show-

ing drainage, endoscopic evidence of anastomotic 

dehiscence, or signs of sepsis. Intra- and postoperative 

complications were stratified into minor (Clavien I or II, 

conservative treatment) and major (Clavien III or IV, 

invasive treatment) complications.31 

Institutions 

Seven institutions with 16 surgeons contributed their 

cases to this study. The volume of cases performed per 

surgeon, as well as previous laparoscopic experience, is 

presented in detail in Table 1. 

Oncologic Assessment 

Rectal adenocarcinoma was staged according to the 7th 

edition of the American Joint Committee on Cancer 

(AJCC) staging manual.32 Patients’ preoperative workups 

were per surgeon preference. Adequate local staging was 

by pelvic magnetic resonance imaging (MRI) and/or 

endorectal ultrasound. When neoadjuvant chemoradio-

therapy was indicated, the patient received a 4- to 5-week 

radiation course of 45–50 Gy dose with systemic fluoro-

uracil-based chemotherapy. Patients underwent surgery 

6–12 weeks after neoadjuvant treatment. Pathologic 

examination included disease tumor-node-metastasis 

(TNM) classification, number of lymph nodes harvested, 

margin status, and completeness of mesorectum. Last fol-

low-up visit and disease status, including distant or local 

recurrences, were recorded at the time of data acquisition. 
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TABLE 1 Surgeons and their institutions, robotic case volume, and 

laparoscopic experience 

Surgeon Robotic study Laparoscopic 

case volume experience 

1  47  H  

2 7 M 

3 4 L 

4  81  L  

5  29  M  

6  27  H  

7  23  M  

8  13  L  

9  13  L  

10 60 H 

11 1 L 

12 42 L 

13 27 H 

14 33 H 

15 32 M 

16 37 H 

H high laparoscopic experience: [100 cases, M moderate laparo-

scopic experience: 50–100 cases, L low laparoscopic experience:\50 

cases 

Surgical Technique 

A robotic approach was offered to all patients who 

required rectal resection with cancer-specific mesorectal 

excision. All study surgeons perform robotic rectal resec-

tion as their preferred approach for rectal cancer cases, 

independent of patients’ previous abdominal surgeries or 

BMI. 

The mesorectal excision was performed with the da 

Vinci System in all cases, and with a sharp dissection 

technique using either robotic scissors or the robotic hook 

cautery. A TME with transection of the rectum at the level 

of the pelvic floor was performed for cancers of the mid to 

low rectum. For tumors of the upper rectum, the meso-

rectum was prepared to about 5 cm distal to the tumor 

where the mesorectum was divided, together with the 

rectum in a partial mesorectal excision (PME). Surgical 

technique was otherwise not standardized and involved 

either a total robotic or hybrid (laparoscopic/robotic) 

approach. All surgeons performed a medial-to-lateral 

mobilization of the left and sigmoid colon with high liga-

tion of either the entire inferior mesentery artery trunk or 

the superior rectal artery only, selective ligation of the 

inferior mesenteric vein, and selective mobilization of the 

splenic flexure. The anastomosis was either stapled with a 

circular stapler inserted transanally or hand-sewn as a colo-

anal anastomosis with intersphincteric resection for very 

low tumors. The specimens were removed either through a 

small suprapubic incision or transanally. Creation of a loop 

ileostomy was performed at the surgeon’s discretion. 

Bowel preparation, preoperative antibiotic administration, 

and thrombosis prophylaxis were performed in accordance 

with the participating institutions’ protocols, with antibi-

otics not given longer than 24 h after surgery per Surgical 

Care Improvement Project (SCIP) guidelines.33 All con-

versions were to an open approach. 

Statistical Analysis 

All statistical analyses were conducted using SAS ver-

sion 9.2.1 (SAS Institute Inc., Cary, NC, USA). Continuous 

variables were expressed as means and standard deviations, 

while discrete variables were expressed as proportions and 

percentages. Data were stratified on the basis of BMI, with 

comparisons made between obese and non-obese patients. 

A two-sided p value of \0.05 was considered statistically 

significant. Logistic regression predicted risk factors for the 

likelihood of an anastomotic leak, conversion of the sur-

gical approach, and a postoperative complication. This was 

carried out using a forward selection method with a sig-

nificance level of 0.05 for entry into the model. 

RESULTS 

Data of 425 patients from seven sites were collected for 

this analysis. Overall, 16 surgeons operated on the patients, 

with a mean case load of 28.3 (±17.5) cases per surgeon, 

from December 2008 to October 2013, with some surgeons 

being higher-volume surgeons then others (see Table 1). 

The clinical characteristics of all 425 patients are listed 

in Table 2. The majority of tumors were less than 12 cm 

(77.4 %). The mean BMI was 27.7 kg/m2, and 126 patients 

(29.6 %) with a BMI [30 kg/m2 were considered obese. 

The BMI difference between obese and non-obese patients 

was statistically significant (p \ 0.0001). 

Table 3 presents intraoperative characteristics and 

complications. Protective ileostomy was performed in 

56 % of patients. The mean operative time was 240 

(±96.0) min. Obese patients had a significantly longer 

operative time (p = 0.024) despite no difference in overall 

procedures performed or difference in intraoperative 

complications. The overall conversion rate was 5.9 %, with 

no significant difference between the obese and non-obese 

groups. 

There were no differences in major perioperative mor-

bidities or mortalities in obese and non-obese patients 

(p = 0.88), with one death in the low-BMI group. Overall 

anastomotic leak rate was 8.7 %. We observed a 5.4 % 

complication rate from the diverting loop-ileostomy, 
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TABLE 2 Demographic and preoperative characteristics of all, 

obese, and non-obese patients 

Variable All BMI BMI p value 

patients \30 kg/m2 C30 kg/m2 

(n = 425) (n = 299) (n = 126) 

Age (years; 60.9 ± 12 61.5 ± 12.3 59.4 ± 11.3 0.100 

mean ± SD) 

Sex [n (%)] 

Female 179 (42.1) 132 (44.2) 47 (37.3) 0.231 

Male 246 (57.9) 167 (55.8) 79 (62.7) 

BMI (kg/m2; 27.7 ± 5.9 24.7 ± 3.2 34.9 ± 4.7 \0.0001 

mean ± SD) 

ASA classification [n (%)] 

I 35 (8.6) 26 (9.2) 9 (7.1) 0.168 

II 203 (49.9) 152 (53.7) 51 (40.5) 

III 161 (39.6) 98 (34.6) 63 (50.0) 

IV 8 (2.0) 7 (2.5) 1 (0.8) 

Missing 18 (4.2) 16 (3.8) 2 (1.6) 

Previous 154 (36.2) 112 (37.5) 42 (33.3) 0.505 

abdominal 

surgery [n (%)] 

Neoadjuvant 218 (51.3) 153 (51.2) 65 (51.6) 1.00 

therapy [n (%)] 

Tumor location [n (%)] 

Upper rectum 84 (20.3) 57 (19.5) 27 (22.3) 0.118 

(12–15 cm) 

Mid rectum 196 (47.5) 133 (45.6) 63 (52.1) 

(6–12 cm) 

Low rectum 133 (2) 102 (34.9) 31 (25.6) 

(B6 cm) 

Missing 12 (2.8) 7 (2.3) 5 (4.0) 

SD standard deviation, BMI body mass index, ASA American Society 

of Anesthesiology 

including dehydration, obstruction at the ileostomy site, 

and re-admission. Interestingly, there was a statistically 

significant higher re-admission rate for obese patients (18.3 

vs. 9.4 %, respectively; p = 0.016) despite no difference in 

overall postoperative complications. The mean length of 

stay was 5.7 (±4.8) days. Postoperative data are listed in 

Table 4. 

Details of tumor staging are presented in Table 5. The 

mean number of harvested lymph nodes was 17.4 (± 8.7), 

and the overall mean distal resection margin was 3.0 cm 

(±2.0), with a mean distal margin for the upper rectal 

cancers of 4.1 cm (±2.4), and 2.4 cm (±1.9) for the ultra-

low cancers (p \ 0.0001). Positive circumferential resec-

tion margin (CRM) [n = 4] was 0.9 %. Macroscopic 

assessment of the mesorectum showed a complete meso-

rectum in 67.8 % of patients, with an incomplete 

mesorectum in only 1.4 % of patients, with the rest being 

either nearly complete or missing. Obesity was unrelated to 

the number of lymph nodes harvested (p = 0.59) or the 

ability to achieve negative resection margins or a complete 

mesorectum (p = 0.62). At a mean follow-up of 13.9 

months (±11), 58.4 % of patients were disease-free, and no 

port-site recurrence was reported. Local recurrence in the 

pelvis occurred in seven patients (1.7 %). 

A total of 133 patients had ultra-low rectal cancers 

(B6 cm), with the mean distance from the anal verge for 

this subgroup being 4.3 cm (±1.5). Overall, they had a 

higher rate of neoadjuvant chemoradiation (p \ 0.0001), 

longer operating room times (270.9 ± 102 vs. 

225.2 ± 89.1; p \ 0.001), and more protective ileostomies 

(95.5 %). Intraoperative and postoperative complications 

were similar. Leak rate was similar in ultra-low rectal 

cancers (7.5 vs. 9.3 %; p = 0.689). The mesorectum was 

intact in 89.3 % of cases and a positive CRM was seen in 

1.5 versus 0.7 % of rectal cancers [6 cm  (p = 0.586). 

Conversion rate remained very low at 6.0 %, with no dif-

ference to higher rectal cancers. 

In a logistic regression model that looked at which 

factors predict postoperative complications, tumor location 

B6 cm, male sex, and intraoperative complications were 

the only independent predictors of postoperative compli-

cations. Circumferential margins, neoadjuvant therapy, or 

high BMI and prior laparoscopic experience were not 

predictors of postoperative complications. 

DISCUSSION 

Robotic surgical systems have been the subject of great 

interest since their introduction into colorectal surgery at 

the beginning of this century. The use of robotics for the 

treatment of rectal cancer is a feasible approach, with 

potential advantages in the narrow pelvis when compared 

with open surgery and conventional laparos-
9,18,20–26,34 copy. To the best of our knowledge, this 

multicenter series represents the largest number of robotic-

assisted rectal cancer resections with TME or PME to date. 

This study was specifically designed to review the data of 

multiple surgeons practicing in different clinical settings 

and with different degrees of experience. 

A key principle in rectal surgery is the concept of a 

sharp mesorectal excision and oncologic adequacy of the 

specimen, as reflected in the completeness of the meso-
35,36rectum and the CRM status. In our experience, the 

robotic system allows for a very clear visualization of the 

presacral plane all the way to the pelvic floor, even in an 

obese male. The United Kingdom Medical Research 

Council (MRC) CLASICC trial, one of the earliest ran-

domized trials comparing laparoscopic surgery with open 

colorectal surgery, showed a higher positive CRM rate for 
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TABLE 3 Operative characteristics and intraoperative complica- TABLE 4 Early postoperative outcomes (B30 days postoperative) of all, obese, 

and non-obese patients tions of all, obese, and non-obese patients 

Variable All BMI BMI p value
Variable All BMI BMI p value 

patients \30 kg/m2 C30 kg/m2 

patients \30 kg/m2 C30 kg/m2 
(n = 425) (n = 299) (n = 126) 

(n = 425) (n = 299) (n = 126) 

Patients with major 35 (8.2) 25 (8.4) 10 (7.9) 0.884 

Diverting stoma 238 (56.0) 162 (54.2) 76 (60.3) 0.291 postoperative complicationsa 

formation [n (%)] 

[n (%)] List of events/ 

complications 
Additional procedures [n (%)] 

Bleeding 3 2 1 
Overall 102 (24) 76 (25.4) 26 (20.6) 0.292a 

Infection 6 6 0 
Bowel resection 16 (15.7) 12 (15.8) 4 (15.4) 

Gastrointestinal 5 3 2 

Endoscopy 31 (30.4) 24 (31.6) 7 (26.9) Wound 0 0 0 

Gynecologic 17 (16.7) 15 (19.7) 2 (7.7) Urinary/kidney 1 1 0 

procedures Pulmonary 5 4 1 

Adhesiolysis 4 (3.9) 3 (4.0) 1 (3.9) Cardiovascular 1 0 1 

Others 34 (33.3) 22 (28.9) 12 (46.1) Systemic 2 2 0 

Anastomotic leak 18 12 6Operative time 240 ± 96 233 ± 95 257 ± 97 0.024 

(min; Death 1 1 0 

mean ± SD) Other 0 0 0 

Estimated blood 119 ± 164 110 ± 138 140 ± 211 0.091 Patients with minor 117 (27.5) 81 (27.1) 36 (28.6) 0.847 

postoperative loss (ml; 
complicationsb [n (%)]

mean ± SD) 
List of events/ 

Transfusions 5 (1.2) 4 (1.3) 1 (0.8) 1.000 complications 
[n (%)] 

Bleeding 0 0 0 

Conversion 25 (5.9) 16 (5.4) 9 (7.1) 0.629 Infection 3 3 0 
[n (%)] 

Gastrointestinal 49 37 12 

Intraoperative complications [n (%)] Wound 16 9 7 

Overall 19 (4.5) 14 (4.7) 5 (4.0) 1.000a 
Urinary/kidney 29 23 6 

Bowel injury 7 (1.7) 6 (2.0) 1 (0.8) Pulmonary 1 1 0 

Cardiovascular 9 6 3Genitourinary 5 (1.2) 3 (1.0) 2 (1.6) 

injury Systemic 2 2 0 

Anastomotic Leak 19 11 8Bleeding 2 (0.5) 2 (0.7) 0 (0.0) 
Other 12 7 5

Anastomotic 3 (0.6) 1 (0.3) 2 (1.6) 
Patients with complications 23 (5.4) 15 (5.0) 8 (6.4) 0.640complication 

related to ileostomy [n (%)] 
Other 2 (0.5) 2 (0.7) 0 (0.0) 

Anastomotic leak overallc 37 (8.7) 23 (7.7) 14 (11.1) 0.34 

[n (%)]
SD standard deviation, BMI body mass index 

Length of stay (days; mean 5.7 ± 4.8 5.7 ± 5.1 5.4 ± 4 0.517a p value refers to the difference in the overall rates ± SD) 

Re-admission [n (%)] 51 (12.0) 28 (9.4) 23 (18.3) 0.0160 

BMI body mass index, SD standard deviation, ICU intensive care unit, TPN total 

anterior resection in the laparoscopic versus open surgery parenteral nutrition 
a group (12 vs. 6 %).3 While this higher CRM positivity did Complication classified as Clavien score III or higher (requiring surgical, endo-

scopic, or radiologic intervention, ICU management or death)
not change overall survival and local recurrence at 5 and 

b Complication classified as Clavien scores I and II (any deviation from the normal 
10 years, it has been directly attributed to the technical postoperative course, including pharmacological treatment, blood transfusion, TPN, 

or opening of wound at bedside)challenges of conventional laparoscopy in the pel-
c Combined anastomotic leak—includes all Clavien scoresvis.3,4,9,14,37 The Color II trial, a non-inferiority phase III 

trial comparing open TME (OTME) with laparoscopic 

TME (LTME), showed a positive CRM (\2 mm) of 10 % 

in both groups. 10 The largest single-institution retrospec- randomized controlled trials.5 A recent meta-analysis of 

tive review of 579 laparoscopic proctectomies showed a robotic TME (RTME) versus LTME reported CRM posi-

CRM positivity rate of 2 %.13 Arezzo et al. found CRM tivity from 1.5 to 4.5 %, with no difference between the 

involvement in 7.9 % of laparoscopic and 6.9 % of open groups. 34 Interestingly, Ghezzi et al. recently reported their 

rectal cancer resections, with an overall relative risk of 1.00 series of RTME versus OTME, with no difference between 

(95 % confidence interval [CI] 0.73–1.35) in a recently CRM positivity (0 and 1.8 %, respectively) between 

published meta-analysis of 27 studies, including eight groups. 38 Another recent RTME series by a single surgeon 

https://0.73�1.35
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TABLE 5 Staging, pathologic data, and postoperative follow-up of all, obese, Conversion to open surgery is another important param-
and non-obese patients 

Variable All BMI BMI p value 

patients \30 kg/m2 C30 kg/m2 

[n = 425] [n = 299] [n = 126] 

AJCC staginga [n (%)] 

I 125 (29.4) 81 (27.1) 44 (34.9) 0.456 

II 103 (24.3) 75 (25.1) 28 (22.2) 

III 131 (30.8) 95 (31.8) 36 (28.6) 

IV 32 (7.5) 21 (7.0) 11 (8.7) 

Missing 34 (8.0) 27 (9.0) 7 (5.6) 

Pathologic tumor stage [n (%)] 

pT0 52 (12.2) 42 (14.1) 10 (7.9) 0.309 

pT1 60 (14.1) 42 (14.1) 18 (14.3) 

pT2 119 (28.0) 76 (25.3) 43 (34.1) 

pT3 167 (39.3) 118 (39.5) 49 (38.9) 

pT4 13 (3.1) 10 (3.3) 3 (2.4) 

pTx 4 (0.9) 2 (0.7) 2 (1.6) 

Missing 10 (2.4) 9 (3.0) 1 (0.8) 

Pathologic nodal stage [n (%)] 

pN0 282 (66.4) 199 (66.6) 83 (65.9) 0.524 

pN1 97 (22.8) 69 (23.1) 28 (22.2) 

pN2 42 (9.9) 28 (9.3) 14 (11.1) 

pNx 1 (0.2) 0 (0.0) 1 (0.8) 

Missing 3 (0.7) 3 (1.0) 0 (0.0) 

Lymph nodes resected (n; 17.4 ± 8.7 17.2 ± 9.1 17.7 ± 7.6 0.589 

mean ± SD) 

Positive CRM [n (%)] 4 (0.9) 3 (1.0) 1 (0.8) 1.000 

CRM (cm; mean ± SD) 1.0 ± 1.3 1.0 ± 1.2 1.0 ± 1.4 0.549 

Distal resection margins 3.0 ± 2.0 3.1 ± 2.0 2.9 ± 1.9 0.340 

(cm; mean ± SD) 

Tumor size (cm; 3.1 ± 2.0 3.0 ± 2.0 3.3 ± 1.9 0.197 

mean ± SD) 

Mesorectum [n (%)] 

Complete 288 (67.8) 198 (66.2) 90 (71.4) 0.624 

Nearly complete 32 (7.5) 23 (7.7) 9 (7.2) 

Incomplete 6 (1.4) 5 (1.7) 1 (0.8) 

Missing 99 (23.3) 73 (24.4) 26 (20.6) 

Last follow-up (months; 13.9 ± 11.0 14.3 ± 11.2 13.3 ± 10.6 0.402 

mean ± SD) 

Adjuvant treatment 224 (53.1) 154 (52.0) 70 (55.6) 0.578 

[n (%)] 

Disease status at last follow-up [n (%)] 

Remission 248 (58.4) 173 (57.9) 75 (59.5) 0.773 

Active disease 43 (10.1) 30 (10.0) 13 (10.3) 

Deceased due to disease 13 (3.1) 10 (3.3) 3 (2.4) 

Deceased due to others 6 (1.4) 5 (1.7) 1 (0.8) 

Unknown 11 (2.6) 10 (3.3) 1 (0.8) 

Missing 104 (24.5) 71 (23.8) 33 (26.2) 

Local recurrence [n (%)] 7 (1.7) 4 (1.3) 3 (2.4) 0.427 

BMI body mass index, AJCC American Joint Committee on Cancer, CRM 

circumferential resection margin 
a AJCC staging manual, 6th edition 

reported a CRM positivity of 2.5 %.39 We were also able to 

show a very low positive CRM rate of 0.9 %, with obesity 

not adversely affecting the outcome. 

eter that is used as a surrogate for technical feasibility of 

minimally invasive approaches.40 Rates of conversion for 

laparoscopic low anterior resection are reported to be 

between 7 and 34 %, with most studies being between 10 and 
5–7,10,12,1320 %.2,3, A recent nationwide analysis that 

included 115,648 laparoscopic and 2,143 robotic patients 

reported a significant reduction of conversion for robotic 

versus laparoscopic rectal resections (5.38 vs. 13.38 %).41 

Other reports of robotic mesorectal excision revealed con-

version rates of 0–9.4 %.9,22–29,34,42,43 We encountered an 

overall conversion rate of 5.9 %, which falls well within the 

reported numbers in the literature. This was accomplished 

despite a high number of obese patients (29.6 %). This is 

very important as several studies have demonstrated 

increased postoperative morbidity with conversion as well as 

a negative impact on overall and disease-free survival.4,11 

Obesity in general adds to the technical difficulty of 

colorectal surgery due to distorted anatomy and fatty dis-

section planes.44 Several authors described a higher 

incidence of short-term complications, longer operating 

times, and higher conversion rates in high BMI patients 

during laparoscopic surgery.17,44–48 Obesity was one of the 

most common reasons for conversion in the laparoscopic 

rectal cancer arm reported in the CLASICC trial (26 %).3 

In their review of LTME, Bege at al. reported significantly 

higher conversion rates for obese patients (46 % vs. 12 % 

non-obese; p \ 0.001).48 Interestingly, a prolonged oper-

ative time (p = 0.4) and higher estimated blood loss was 

also seen in open TME in obese versus non-obese patients, 

with no difference in postoperative morbidity or oncologic 

outcomes.44 Our data suggest that the technical advantages 

of robotic surgery can overcome most challenges posed by 

obesity, resulting in similar oncologic and postoperative 

outcomes as in non-obese patients as well as a low con-

version rate. Only operating-room time remains longer. 

Complications were low, with an overall rate of anas-

tomotic leak of 8.7 %, which compares favorably with a 

large series of open and laparoscopic rectal resection.2,3,6,7, 

10–13,15 Our low leak rate was despite a high number of 

mid-to-low rectal cancers requiring TME (329/425, 

77.4 %). We did encounter an overall complication rate of 

5.4 % related to the protective ileostomy. The rationale for 

creating a loop ileostomy is avoidance of septic compli-

cations associated with a high-risk anastomosis. This was 

reflected by the high rate of ileostomies placed indepen-

dently by different surgeons in the ultra-low group 

(95.5 %). A recent review of the National Surgical Quality 

Improvement Program (NSQIP) database for morbidity of 

diverting ileostomy confirmed a reduced rate of reoperation 

but increased risk of acute renal insufficiency (odds ratio 

2.4; 95 % CI 1.2–4.6; p \ 0.05).49 Future prospective 

studies on RTME, refinement of operative techniques, the 
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use of fluorescence imaging, and new stapling technology 

may identify methods to decrease the risk of leakage and to 

allow for more selective creation of ileostomies. 

Moreover, our study suggests that a proper oncologic 

resection can be achieved independent of the surgeon’s 

practice environment. The logistic regression analysis did 

not show any relation of postoperative complications with 

the surgeon’s previous laparoscopic experience. Our ana-

lysis included first robotic cases within the expected 

learning curve by all but two surgeons. Despite this wide 

range of experience of the participating surgeons, we were 

able to present comparable short-term outcomes. These 

findings suggest that robotics could be an equalizer for 

less-experienced laparoscopic surgeons, and improving 

minimally invasive mesorectal excision. 

Despite these encouraging outcomes, there were some 

study shortcomings. These findings are based on retro-

spectively collected data without direct comparisons to 

open or laparoscopic surgery. The retrospective nature of 

these data creates a certain potential for bias and limita-

tions to the generalization of findings. 

Alternatively, the heterogeneity of participating sur-

geons demonstrates the feasibility of robotic cancer-

specific mesorectal excision in a variety of approaches and 

setups. These data represent a cross-section of dedicated 

robotic colorectal cancer programs with excellent onco-

logical and clinical outcomes, even in obese patients. We 

believe that the robotic approach will become the preferred 

surgical technique for rectal cancer once larger-scale pro-

spective studies are available. 

ACKNOWLEDGMENTS The authors acknowledge the following 

personnel from Intuitive Surgical, Inc. for their support during man-

uscript preparation and review: Usha Kreaden, MS, Principal 

Biostatistician for statistical analysis, and Shilpa Mehendale, MS, 

MBA, Director of Clinical Affairs. This study was sponsored and 

funded by Intuitive Surgical, Inc. in collaboration with the study 

investigators under a cooperative clinical study agreement. The 

authors had full control of the study execution, analysis, and devel-

opment of the manuscript. 

REFERENCES 

1. Huang MJ, Liang JL, Wang H, Kang L, Deng YH, Wang JP. 

Laparoscopic-assisted versus open surgery for rectal cancer: a 

meta-analysis of randomized controlled trials on oncologic ade-

quacy of resection and long-term oncologic outcomes. Int J 

Colorectal Dis. 2011;26:415–421. 

2. Trastulli S, Cirocchi R, Listorti C, et al. Laparoscopic vs open 

resection for rectal cancer: a meta-analysis of randomized clinical 

trials. Colorectal Dis. 2012;14:e277–e296. 

3. Guillou PJ, Quirke P, Thorpe H, et al. Short-term endpoints of 

conventional versus laparoscopic-assisted surgery in patients with 

colorectal cancer (MRC CLASICC trial): multicentre, random-

ised controlled trial. Lancet. 2005;365:1718–1726. 

4. Jayne DG, Thorpe HC, Copeland J, Quirke P, Brown JM, Guillou 

PJ. Five-year follow-up of the Medical Research Council CLA-

SICC trial of laparoscopically assisted versus open surgery for 

colorectal cancer. Br J Surg. 2010;97:1638–1645. 

5. Arezzo A, Passera R, Salvai A, Arolfo S, Allaix ME, Schwarzer 

G, et al. Laparoscopy for rectal cancer is oncologically adequate: 

a systematic review and meta-analysis of the literature. Surg 

Endosc. 2014;doi:10.1007/s00464-014-3686-4. 

6. Arezzo A, Passera R, Scozzari G, Verra M, Morino M. Lapa-

roscopy for rectal cancer reduces short-term mortality and 

morbidity: results of a systematic review and meta-analysis. Surg 

Endosc. 2013;27:1485–1502. 

7. Mathis KL, Nelson H. Controversies in laparoscopy for colon and 

rectal cancer. Surg Oncol Clin N Am. 2014;23:35–47. 

8. Row D, Weiser MR. An update on laparoscopic resection for 

rectal cancer. Cancer Control. 2010;17:16–24. 

9. Pigazzi A, Luca F, Patriti A, et al. Multicentric study on robotic 

tumor-specific mesorectal excision for the treatment of rectal 

cancer. Ann Surg Oncol. 2010;17:1614–1620. 

10. van der Pas MH, Haglind E, Cuesta MA, Fuerst A, Lacy AM, 

Hop WC, et al. Colorectal cancer Laparoscopic or Open Resec-

tion II (COLOR II) Study Group. Laparoscopic versus open 

surgery for rectal cancer (COLOR II): short-term outcomes of a 

randomised, phase 3 trial. Lancet Oncol. 2013; 14:210–218. 

11. Agha A, Benseler V, Hornung M, et al. Long-term oncologic 

outcome after laparoscopic surgery for rectal cancer. Surg En-

dosc. 2014;28:1119–1125. 

12. Dulucq JL, Wintringer P, Stabilini C, Mahajna A. Laparoscopic 

rectal resection with anal sphincter preservation for rectal cancer: 

long-term outcome. Surg Endosc. 2005;19:1468–1474. 

13. Ng KH, Ng DC, Cheung HY, Wong JC, Yau KK, Chung CC, 

et al. Laparoscopic resection for rectal cancers: lessons learned 

from 579 cases. Ann Surg. 2009;249:82–86. 

14. Jayne DG, Guillou PJ, Thorpe H, et al. Randomized trial of 

laparoscopic-assisted resection of colorectal carcinoma: 3-year 

results of the UK MRC CLASICC Trial Group. J Clin Oncol. 

2007;25:3061–3068. 

15. Scheidbach H, Rose J, Huegel O, Yildirim C, Kockerling F. 

Results of laparoscopic treatment of rectal cancer: analysis of 520 

patients. Tech Coloproctol. 2004;8 Suppl 1:s22–s24. 

16. Makino T, Shukla PJ, Rubino F, Milsom JW. The impact of 

obesity on perioperative outcomes after laparoscopic colorectal 

resection. Ann Surg. 2012;255:228–236. 

17. Zhou Y, Wu L, Li X, Wu X, Li B. Outcome of laparoscopic 

colorectal surgery in obese and nonobese patients: a meta-ana-

lysis. Surg Endosc. 2012;26:783–789. 

18. Wexner SD, Bergamaschi R, Lacy A, Udo J, Brölmann H, 

Kennedy RH, et al. The current status of robotic pelvic surgery: 

results of a multinational interdisciplinary consensus conference. 

Surg Endosc. 2009;23(2):438–443. 

19. van der Schatte Olivier RH, Van’t Hullenaar CD, Ruurda JP, 

Broeders IA. Ergonomics, user comfort, and performance in 

standard and robot-assisted laparoscopic surgery. Surg Endosc. 

2009;23:1365–1371. 

20. Hagen ME, Inan I, Pugin F, Morel P. The da Vinci surgical 

system in digestive surgery [in French]. Rev Med Suisse. 

2007;3:1622–1666. 

21. Heemskerk J, Zandbergen HR, Keet SW, et al. Relax, it’s just 

laparoscopy! A prospective randomized trial on heart rate vari-

ability of the surgeon in robot-assisted versus conventional 

laparoscopic cholecystectomy. Dig Surg. 2014;31:225–232. 

22. deSouza AL, Prasad LM, Marecik SJ, Blumetti J, Park JJ, 

Zimmern A, et al. Total mesorectal excision for rectal cancer: the 

potential advantage of robotic assistance. Dis Colon Rectum. 

2010;53:1611–1617. 

http://dx.doi.org/10.1007/s00464-014-3686-4


2158 M. Hellan et al. 

23. Baek JH, Pastor C, Pigazzi A. Robotic and laparoscopic total 

mesorectal excision for rectal cancer: a case-matched study. Surg 

Endosc. 2011;25:521–525. 

24. Park JS, Choi GS, Lim KH, Jang YS, Jun SH. S052: a comparison 

of robot-assisted, laparoscopic, and open surgery in the treatment 

of rectal cancer. Surg Endosc. 2011;25:240–248. 

25. Kim JY, Kim NK, Lee KY, Hur H, Min BS, Kim JH. A com-

parative 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;19:2485–2493. 

26. Baik SH, Ko YT, Kang CM, et al. Robotic tumor-specific mes-

orectal excision of rectal cancer: short-term outcome of a pilot 

randomized trial. Surg Endosc. 2008;22:1601–1608. 

27. deSouza AL, Prasad LM, Ricci J, et al. A comparison of open and 

robotic total mesorectal excision for rectal adenocarcinoma. Dis 

Colon Rectum. 2011;54:275–282. 

28. Biffi R, Luca F, Pozzi S, et al. Operative blood loss and use of 

blood products after full robotic and conventional low anterior 

resection with total mesorectal excision for treatment of rectal 

cancer. J Robot Surg. 2011;5:101–107. 

29. Bianchi PP, Ceriani C, Locatelli A, et al. Robotic versus lapa-

roscopic total mesorectal excision for rectal cancer: a 

comparative analysis of oncological safety and short-term out-

comes. Surg Endosc. 2010;24:2888–2894. 

30. World Health Organization. Obesity and overweight fact sheet 

no. 311. http://www.who.int/mediacentre/factsheets/fs311/en/ 

index.html (2014). Accessed 18 May 2014. 

31. Dindo D, Demartines N, Clavien PA. Classification of surgical 

complications: a new proposal with evaluation in a cohort of 

6336 patients and results of a survey. Ann Surg. 2004;240: 

205–213. 

32. American Joint Committee on Cancer. Colon and rectum cancer 

staging. 7th edition (2010). Available from: https://cancerstaging. 

org. Accessed 18 May 2014. 

33. Surgical Care Improvement Project (SCIP) guidelines. http:// 

surgery.uc.edu/content/Education/residentresources/SCIP%20one 

%20page%20guidelines%20draft%204%204-24-2012.pdf. Acces-

sed 18 May 2014. 

34. Trastulli S, Farinella E, Cirocchi R, et al. Robotic resection 

compared with laparoscopic rectal resection for cancer: system-

atic review and meta-analysis of short-term outcome. Colorectal 

Dis. 2012;14(4):e134–e156. 

35. Quirke P, Durdey P, Dixon MF, Williams NF. Local recurrence 

of rectal adenocarcinoma due to inadequate surgical resection: 

histopathological study of lateral tumor spread and surgical 

excision. Lancet. 1986;328:996–999. 

36. Heald RJ, Moran BJ, Ryall RD, Sexton R, MaxFarlane JK. Rectal 

cancer: the Basingstoke experience of total mesorectal excision. 

Arch Surg. 1998;133:894–899. 

37. Green BL, Marshall HC, Collinson F, Quirke P, Guillou P, Jayne 

DG, et al. Long-term follow-up of the Medical Research Council 

CLASSICC trial of conventional versus laparoscopically assisted 

resection in colorectal cancer. Br J Surg. 2013;100:75–82. 

38. Ghezzi TL, Luca F, Valvo M, Corleta OC, Zuccaro M, Cenc-

iarelli S, et al. Robotic versus open total mesorectal excision for 

rectal cancer: comparative study of short and long-term out-

comes. Eur J Surg Oncol. 2014;40:1072–1079. 

39. Hara M, Sng K, Yoo BE, Shin JW, Lee DW, Kim SH. Robotic-

assisted surgery for rectal adenocarcinoma: short-term and mid-

term outcomes from 200 consecutive cases at a single institution. 

Dis Colon Rectum. 2014;57:570–577. 

40. Collinson FJ, Jayne DG, Pigazzi A, et al. An international, 

multicentre, prospective, randomised, controlled, unblinded, 

parallel-group trial of robotic-assisted versus standard laparo-

scopic surgery for the curative treatment of rectal cancer. Int J 

Colorectal Dis. 2012;27:233–241. 

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

rectal surgery in the United States: a nationwide analysis of 

trends and outcomes. World J Surg. 2013;37:2782–2790. 

42. Park IJ, You YN, Schlette E, Nguyen S, Skibber JM, Rodriguez-

Bigas MA, et al. Reverse-hybrid robotic mesorectal excision for 

rectal cancer. Dis Colon Rectum. 2012;55:228–233. 
43. Kang J, Yoon KJ, Min BS, Hur H, Baik SH, Kim NK, et al. The 

impact of robotic surgery for mid and low rectal cancer: a case-

matched analysis of a 3-arm comparison–open, laparoscopic, and 

robotic surgery. Ann Surg. 2013;257:95–101. 

44. Ballian N, Yamane B, Leverson G, Harms B, Heise C, Foley E, 

et al. Body mass index does not affect postoperative morbidity 

and oncologic outcomes of total mesorectal excision for rectal 

adenocarcinoma. Ann Surg Oncol. 2010;17:1606–1613. 

45. Krane MK, Allaix ME, Zoccali M, et al. Does morbid obesity 

change outcomes after laparoscopic surgery for inflammatory 

bowel disease? Review of 626 consecutive cases. J Am Coll Surg. 

2013;216:986–996. 

46. Mustain WC, Davenport DL, Hourigan JS, Vargas HD. Obesity 

and laparoscopic colectomy: outcomes from the ACS-NSQIP 

database. Dis Colon Rectum. 2012;55:429–435. 

47. Akiyoshi T, Ueno M, Fukunaga Y, et al. Effect of body mass 

index on short-term outcomes of patients undergoing laparo-

scopic resection for colorectal cancer: a single institution 

experience in Japan. Surg Laparosc Endosc Percutan Tech. 

2011;21:409–414. 

48. Bege T, Lelong B, Francon D, Turrini O, Guiramand J, Delpero 

JR. Impact of obesity on short term results of laparoscopic rectal 

cancer resection. Surg Endosc. 2009;23:1460–1464. 

49. Jafari M, Halabi W, Jafari F, et al. Morbidity of diverting ile-

ostomy for rectal cancer: analysis of the American College of 

Surgeons National Surgical Quality Improvment Program. Am 

Surg. 2013;79:1034–1039. 

http://www.who.int/mediacentre/factsheets/fs311/en/index.html
http://www.who.int/mediacentre/factsheets/fs311/en/index.html
https://cancerstaging.org
https://cancerstaging.org
http://surgery.uc.edu/content/Education/residentresources/SCIP%20one%20page%20guidelines%20draft%204%204-24-2012.pdf
http://surgery.uc.edu/content/Education/residentresources/SCIP%20one%20page%20guidelines%20draft%204%204-24-2012.pdf
http://surgery.uc.edu/content/Education/residentresources/SCIP%20one%20page%20guidelines%20draft%204%204-24-2012.pdf

	Robotic Rectal Cancer Resection: A Retrospective Multicenter Analysis
	Abstract
	Background
	Methods
	Results
	Conclusion

	Patients and Methods
	Patients
	Institutions
	Oncologic Assessment
	Surgical Technique
	Statistical Analysis

	Results
	Discussion
	Acknowledgments
	References




