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Amaç: Robot teknolojisinin en güncel modeli olan da Vinci 
Xi sisteminin multikadran karın ameliyatlarını laparoskopi 
yardımı olmadan, robotu tekrar konuşlandırma veya trokar 
pozisyonunda değişiklik gerektirmeden tamamen robot ile 
yapılmasını mümkün kıldığı öne sürülmektedir. Ancak bu konu 
üzerinde literatür verisi sınırlıdır. Bu çalışmada multikadran bir 
cerrahi olan rektum kanseri ameliyatında Xi robot kullanımının 
uygulanabilirliğini değerlendirmeyi amaçladık.

Yöntemler: Çalışmaya Aralık 2014 ile Haziran 2017 tarihleri 
arasında rektum adenokanseri tanısı ile da Vinci Xi sistemi 
kullanılarak robotik mezorektal eksizyon ameliyatı yapılan 
hastalar alındı. Veriler prospektif kaydedildi ve retrospektif 
olarak incelendi. Hastaların demografik bilgileri, intraoperatif 
bulgular, histopatolojik veriler ve postoperatif 30 gün sonuçları 
değerlendirildi.

Bulgular: Çalışmaya toplam 100 hasta dahil edildi. 
Hastaların 57’si erkek, 43’i kadın, ortalama yaş 61,4±12,3 
yıl idi. Doksan hastaya aşağı anteriyor rezeksiyon ve 10 
hastaya abdominoperineal rezeksiyon uygulandı. Tüm 
ameliyatlarda karın ve pelvis aşamaları robotun ikinci defa 
konuşlandırılmasına gerek duyulmadan ve trokarların yeri 
değiştirilmeden tamamlandı. Ortalama ameliyat süresi 
328,4±105,8 dk ve kanama miktarı 131,7±170,3 mL idi. İki 
hastada intraoperatif komplikasyon gelişti (%2). İki hastada 
açık cerrahiye geçildi (%2). Çıkarılan ortalama lenf nodu 
sayısı 25,3±12,0 idi. Radyal sınır pozitifliği saptanan 4 hasta 
(%4) dışındaki tüm hastalarda cerrahi sınırlar temiz bulundu. 
İnkomplet mezorektal fasya bütünlüğü oranı %3,2 idi. 
Ortalama hastanede yatış süresi 6,6±3,6 gün ve postoperatif 
toplam morbidite oranı %25 idi.

Sonuç: da Vinci Xi modeli rektum kanseri ameliyatlarının 
tamamen robotik yapılmasını mümkün kılmaktadır. Robotun 
bu özelliği cerrahın ameliyatın tüm aşamalarında robotik 
cerrahinin avantajlarından optimal bir şekilde faydalanmasını 
sağlamaktadır.

Anahtar Kelimeler: da Vinci Xi sistemi, rektum kanseri, robotik 
mezorektal eksizyon

Introduction: The da Vinci Xi system, the latest model of 
the robotic technology, is proposed to enable multiquadrant 
abdominal surgery to be performed in a fully robotic approach 
without the need for a laparoscopic assistance, robot re-docking 
or re-positioning of the trocars. However, the literature has 
limited data on this topic. In this study, we aimed to evaluate 
the feasibility of the Xi robot use in rectal cancer surgery, a 
multiquadrant surgical procedure.

Methods: Patients undergoing robotic mezorectal excision for 
rectal adenocarcinoma using the da Vinci Xi system between 
December 2014 and June 2017 were included in this study. 
Data were collected prospectively and analyzed retrospectively. 
Demographic data, perioperative clinical findings, 
histopathologic data and postoperative 30-day outcomes were 
analyzed.

Results: One hundred patients were included in this study. 
There were 57 male and 43 female patients with a mean age of 
61.4±12.3 years. Low anterior resection and abdominoperineal 
recetion were performed in 90 and 10 patients, respectively. 
In all the operations, the abdominal and pelvic stages of the 
procedure were completed robotically without a need for 
dual docking or trocar re-positioning. The mean operative 
time was 328.4±105.8 min and blood loss was 131.7±170.3 
mL. Intraoperative complication occurred in 2 patients (2%). 
Two procedures were converted to open surgery (2%). The 
mean number of harvested lymph nodes was 25.3±12.0. 
All the surgical margins were clear except for four patients 
(4%). The rate of incomplete mesorectal fascia was 3.2%. The 
mean length of hospital stay was 6.6±3.6 days and the overall 
postoperative morbidity rate was 25%. 

Conclusion: The da Vinci Xi model enables rectal cancer 
operations to be performed in a fully robotic fashion. This 
feature of the robot helps surgeon to benefit optimally from 
the advantages robotic surgery in all stages of the procedure.

Keywords: da Vinci Xi system, rectal cancer, robotik mesorectal 
excision
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Introduction
In the last 30 years, significant advances have been made in the 
treatment of rectal cancer with the use of neoadjuvant therapies and 
identification of total mesorectal excision technique (1,2). In the field 
of surgery, demonstration of the advantages of laparoscopic surgery 
compared to open surgery in terms of early postoperative results (3,4) 
led to the spread of minimally invasive surgery. However, the technical 
difficulties experienced due to the use of flat and rigid instruments in a 
narrow and deep anatomical area such as the pelvis (5), and high rates 
of switching to open surgery and peripheral surgical margin positivity 
(6,7) have made the oncological effectiveness of mesorectal excision 
with classical laparoscopy a matter of discussion.

In addition to the advantages of minimally invasive surgery, robotic 
surgery has eliminated the disadvantages of classical laparoscopy thanks 
to better mobility with angled instruments in the narrow space, three-
dimensional high-resolution imaging and stable tissue traction (8). In 
the following years, the increase in interest in robotic surgery brought 
about technological developments in robotic systems. Rectal cancer 
surgery is a multiquadrant surgery involving mesorectal dissection 
in the pelvis and mobilization of the left colon in the abdomen. The 
fact that the previous robot model, da Vinci Si (Intuitive Surgical Inc., 
Sunnyvale, CA, USA), allowed a single quadrant surgery in the abdomen, 
led the surgeons to use different techniques to mobilize the left colon (9-
11). It is reported that the da Vinci Xi model, which is currently the most 
up-to-date system, has eliminated this problem with its multiquadrant 
access feature. However, the experience on this subject was limited by 
the data reported from a small number of patients (12-15). 

In our own practice, we use the da Vinci Xi system routinely as of 
November 2014. In this study, we aimed to present the technical details 
and the perioperative clinical results of the robotic mesorectal excision 
surgeries performed since this date.

Methods
The study was approved by the Ethics Committee of Acıbadem Mehmet 
Ali Aydınlar University Hospital with the decision number 2017-12/7. 
Patients who underwent robotic mesorectal excision due to rectum 
adenocarcinoma between December 2014 and May 2017 in the General 
Surgery Departments of Acıbadem Atakent and Maslak Hospitals were 
included in the study. Patients with synchronous colon tumors were 
excluded from the study. Informed consent was obtained from all 
patients included in the study and their data were used. Demographic 
and preoperative clinical data, intraoperative findings, histopathological 
data, and results of postoperative 30-day outcome were entered into 
the colorectal cancer database prospectively (16) and the data were 
evaluated retrospectively. The docking time was determined as the 
time between positioning of the robot and connection of the robotic 
arms to the trocars. The total operative time was determined as the 
time between the first skin incision and the closure of the incision. The 
conversion was defined as the completion of any stage of the surgery 
with an open or classical laparoscopic approach, with the exception of 
the abdominal incision made for removal of the specimen.

Following rectal cancer diagnosis with endoscopic and histopathological 
examination, clinical staging of the tumor was performed with the help 

of computerized tomography of the thorax and abdomen, endorectal 
ultrasonography and/or magnetic resonance imaging. Neoadjuvant 
chemotherapy/radiotherapy was administered to the patients who 
were diagnosed as having T3-4 or N + stage tumors that were located 
under the pelvic peritoneal reflection. The patients were treated with 
Na-phosphate soda and enema one day before the surgery and venous 
thrombosis prophylaxis 12 hours before the operation. Antibiotic 
prophylaxis was applied during general anesthesia induction and then 
nasogastric tube and urinary catheter were placed.

Robotic Mesorectal Excision Technique 

The patient was placed in a modified lithotomy position. A Veress needle 
was inserted through a supraumbilical incision and pneumoperitoneum 
was established using CO2

 at a pressure of 12 mmHg. A 30-degree robot 
camera was advanced from the 8-mm robot trocar placed in this area, 
and three other 8-mm robots and 5-mm assistant trocars were placed 
under direct vision (Figure 1). The operating table was positioned to 
Trendelenburg with 30 degrees right side tilt, and the omentum was 
retracted upwards over the transverse colon and the small intestine was 
retracted to the right upper quadrant of the abdomen. The robot was 
on the left side of the patient and the assistant was on the right side. 
After placing a camera in Arm 2, the robot system was targeted to the 
left inguinal area and the robotic arms were mounted on the trocars.

The surgery was performed by medial to lateral dissection technique. 
Visceral peritoneum was opened with scissors after the sigmoid colon 
was mobilized anteriorly and laterally with tip-up grasper. The inferior 
mesenteric artery (IMA) was ligated 1 cm distal to the origin by using 
Hem-o-lok clips (Teleflex, Morrisville, NC, USA) and divided. The inferior 
mesenteric vein  was ligated and divided at the lower limit of the 
pancreas (Figures 2, 3). Omental bursa was reached through the plane 
between the anterior surface of the pancreas and the mesocolon. Then, 
the Toldt fascia was dissected through the embryological avascular 
region, and medial to lateral mesocholic dissection was completed 
with preserving the left ureter and gonadal veins. The lateral peritoneal 
ligaments of the descending colon and splenic flexure were dissected. 
After the descending colon was mobilized, posterior mesorectum 
was dissected by protecting the autonomic nerve plexus through the 
plane between the presacral fascia and mesorectal fascia at the level 
of promontorium. After posterior mobilization was achieved, the total 
mesorectal excision procedure was completed by reaching to the pelvic 
floor through both lateral and then anterior planes (Figure 4). Partial 
mesorectal excision was performed in case of tumors located in the 
upper rectum. The trocar in the lower right quadrant was replaced by 
a 12 mm robotic or laparoscopic trocar, and the rectum was excised by 
the robotic stapler (EndoWrist 45 mm stapler, Intuitive Surgical, Inc.) or 
laparoscopic stapler (Echelon FlexTM 60 mm stapler, Ethicon, Cincinnati, 
OH, USA) advanced through this trocar. Then, a suprapubic incision 
was made and the wound protector/retractor (AlexisTM) was inserted 
into the incision. Specimen was taken out of the abdomen from this 
incision (Figure 5). After the proximal colon was cut, the anvil of the 
circular stapler was inserted in the proximal end of the colon with purse 
string suture and left in the abdomen, and the suprapubic incision was 
sutured. Colorectal or coloanal anastomosis was performed with circular 
stapler advanced from the anus. In some patients, vascularization of 
the descending colon was evaluated with the FireFlyTM camera of the 
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robot following intravenous indocyanine green (2.5 mg/mL) prior to 

anastomosis. Anastomotic leakage control was performed by air test and 

a silicone drain was placed in the pelvis. Then fascia and skin incisions 

of 12 mm trocar location were sutured. The operations were finalized 

following performing a diverting loop ileostomy.

In cases where intersphincteric resection was required, perineal 

dissection was performed after the rectal dissection was performed 

to the intersphincteric plane with robot in the abdominal stage. Total 

mesorectal excision was completed by entering the intersphincteric 

plane with an incision at the dentate line. After the specimen was 

removed from the anus, a manual coloanal anastomosis was performed. 

In patients who needed abdominoperineal resection, the pelvic stage 

was performed with extralevator approach following completion of the 

abdominal stage with the robot.

Figure 1. Trocar position in robotic rectal cancer surgery. Camera was 
connected to Arm 2, bipolar forceps to Arm 1, monopolar scissors to Arm 3 
and tip-up grasper to Arm 4

AT: Assistant trocar

Figure 2. Ligation and division of the inferior mesenteric artery

Figure 3. Ligation and division of the inferior mesenteric vein

Figure 4. Completion of total mesorectal excision

Figure 5. Total mesorectal excision specimen
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Postoperative pain control was achieved with intravenous narcotic drugs. 
The nasogastric catheter was removed immediately after the operation 
and the urinary catheter was removed on the first postoperative day. 
Patients were discharged after adequate pain control and oral feeding.

Statistical Analysis 

Statistical analysis of the data was performed by SPSS 20.0 (SPSS 
Inc., Chicago, IL, USA). Categorical data were expressed as frequency 
and percentage (n, %) and continuous variables as mean ± standard 
deviation.

Results
A total of 100 patients were included in the study. Fifty-seven of all 
patients (57%) were male and 43 were female. Mean age was 61.4±12.3 
years and body mass index was 27.3±3.6 kg/m2. Demographic data 
and preoperative clinical information are presented in Table 1. In our 
series, the most common tumor was distal rectal tumor (44%), followed 
by proximal (38%) and middle rectal (17%) tumors. The operations, 
intraoperative data and follow-up findings of the first postoperative 30-
day are presented in Table 2. Ninety patients underwent low anterior 
resection and 10 patients underwent abdominoperineal resection. 
Intersphincteric resection was performed in 15 patients who had 
undergone low anterior resection. In all operations, the abdominal and 
pelvic stages were completed without the need for robot re-docking or 
re-positioning of the trocars. The mean robot docking time was 4.9±1.5 
minutes, mean operative time was 328.4±105.8 minutes and blood 
loss was 131.7±170.3 mL. Intraoperative complication occurred in two 
patients (2%). These complications were prostatic urethral injury and 
bleeding after removal of the clip placed on IMA. Urethral injury was 
repaired intraoperatively. The other patient who developed hemorrhage 
underwent open surgery. Open surgery was performed in two patients 

(2%), one because of the inability to continue dissection due to severe 

tumoral adhesion in the pelvis and the other due to bleeding from the 

IMA (following removal of the clip). The mean time to first defecation 

and oral feeding was 2.9±1.6 days and 3.3±1.7 days, respectively and 

mean hospital stay was 6.6±3.6 days.

Twenty five patients (25%) had morbidity within the first 30 days 

postoperatively (Table 2). Anastomotic leakage occurred in three 

patients (3%); this complication was controlled by diverting ileostomy 

in two patients and conservative treatment in the other one. All of 12 

patients who developed ileus had paralytic origin and it regressed with 

conservative treatment. Percutaneous drainage was performed in one 

patient who developed intraabdominal abscess and diverting ileostomy 

was performed in one patient with rectovaginal fistula. There was no 

mortality.

Histopathological data and oncologic results are presented in Table 3. 

The mean number of harvested lymph nodes was 25.3±12.0. Lymph 

node metastasis was detected in 31 patients and the mean number 

of metastatic lymph nodes was 1.3±3.0. All the surgical margins were 

clear, except for radial margin positivity in four patients (4%). In 61 of 63 

patients who underwent total mesorectal excision, the integrity of the 

mesorectal fascia was complete or near complete (96.8%).

Table 1. Demographic data and preoperative clinical information

Gender

Male 57 (57%)

Female 43 (43%)

Age, years 61.4±12.3

BMI, kg/m2 27.3±3.6

ASA score

I 27 (27%)

II 62 (62%)

III 10 (10%)

IV 1 (1%)

Previous abdominal surgery 19 (19%)

Tumor location

Proximal rectum 38 (38%)

Middle rectum 17 (17%)

Distal rectum 44 (44%)

Proximal + distal rectum 1 (1%)

Neoadjuvant chemotherapy/ radiotherapy 46 (46%)

BMI: body mass index, ASA: American Society of Anesthesiologists

Data are presented as number (%) or mean ± standard deviation

Table 2. Intraoperative and postoperative findings

Surgery

Low anterior resection 90 (90%)

Abdominoperineal resection 10 (10%)

Mesorectal excision

Total 63 (63%)

Partial 37 (37%)

Robot docking time, minimum 4.9±1.5

Operative time, minimum 328.4±105.8

Bleeding, mL 131.7±170.3

Intraoperative complication 2 (2%)

Conversion 2 (2%)

Time to first flatus, days 2.0±1.0

Time to first defecation, days 2.9±1.6

Time to first oral feeding, days 3.3±1.7

Length of hospital, days 6.6±3.6

30-day morbidity 

Ileus 12 (12%)

Wound infection 5 (5%)

Anastomosis leak 3 (3%)

Intraabdominal abscess 1 (1%)

Rectovaginal fistula 1 (1%)

Pulmonary embolism 1 (1%)

Atelectasis 1 (1%)

Urinary tract infection 1 (1%)

Mortality 0 (0%)

Data are presented as number (%) or mean ± standard deviation
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Discussion
The results of our study support the feasibility of mesorectal excision 
surgery in the rectum cancer surgery with a fully robotic approach 
with the help of the da Vinci Xi system. Compared to the da Vinci Si 
system, features such as thinner and longer arm structure of the Xi 
system, ergonomic trocar alignment, the ability to connect the camera 
to the desired trocar, automatic targeting of the robot arms and patient 
clearance allow the surgery to be performed from the splenic flexure to 
the pelvic floor with single robot docking.

The use of robots in colorectal surgery has increased especially in rectal 
surgery, which is performed in a narrow area, due to the visibility and 
movement area provided by the system. However, the most important 
disadvantage of the Si system is that it only allows working at a single 
quadrant in the abdomen (17), thus there is need for dual docking in 
rectal surgery that involves the abdominal and pelvic stages. As this 
increases both the operative time and the workload, it caused surgeons 

to prefer hybrid laparoscopic-robotic technique (9,10,17-20). In this 
technique, vascular ligation and mobilization of the left colon are 
completed by classical laparoscopy, and the robot is used only for pelvic 
dissection. Surgeons who do not prefer hybrid techniques have described 
different techniques including repositioning to robotic arms (21-24) or 
modification of trocar sites (23). In the period when we used the Si 
system, we docked the robot twice and used a total of 7 trocars. Later on, 
we were able to complete the operation with a fully robotic approach 
by repositioning the trocars, however, crossing of the robotic arms in 
the extracorporeal area made the operation very difficult. This situation 
explains why the console time is longer in the surgeries performed with 
the Si system as emphasized in a previous study comparing both robotic 
systems (12).

In the literature, there are 3 studies comparing Vinci Xi and Si system in 
rectal cancer surgery. In a study in which Protyniak et al. (13) compared 
44 patients in Si robot group and 26 patients in Xi robot group who 
underwent sigmoidectomy and anterior resection surgeries, the 
operative time (219 vs 224 minimum), intraoperative bleeding (170 vs. 
188 mL), conversion rates (3.8% vs 11.4%), length of hospital stay (5.7 vs 6 
days) and total complication rates (26.9% vs 22.7%) were not significantly 
different. In another study comparing two robots in a total of 20 
patients, Morelli et al. (15) stated that the operative time (257 vs 353 
min) and length of hospital stay (6.3 vs 8.7 days) were shorter with the 
Xi system, however, there were no difference in terms of conversion and 
morbidity. Finally, in a study of 53 patients previously conducted in our 
clinic (12), we found that console time was shorter in the Xi group (265 
vs. 317 min), but the amount of bleeding (141 vs 181 mL), conversion 
(3.6% vs 4.0%), length of hospital stay (6.2 vs 5.1 days) and postoperative 
complication rates (14.3% vs 12%) were not significantly different. The 
common result highlighted in these three studies is that surgeries can be 
completed with a fully robotic approach with the Xi system without the 
use of laparoscopy and without requiring the robot to be dual docked. 
In the present study including 100 patients, mean operative time (328 
minutes), intraoperative bleeding (132 mL), conversion rate (2%), length 
of hospital stay (6.6 days) and total morbidity rate (25%) were consistent 
with the literature. The abdominal and pelvic stages of the operation 
were completed with a fully robotic approach in all cases.

One of the important stages of rectal cancer surgery is the excision of 
the rectum. The wide mobility of the robotic stapler and the ability 
of angulation up to 90 degrees offer significant advantages to the 
surgeon at this stage, especially in patients with a narrow pelvis (25). 
Robotic stapler is integrated in the Xi model in our country and is not 
available in Si model. We have been using robotic stapler routinely since 
November 2015. In addition, the evaluation of intestinal vascularization 
with the indocyanine green and the robot’s FireFlyTM camera vision 
is an increasingly common practice for the safety of the anastomosis 
(26). The FireFlyTM camera feature is also available in the Xi system and 
requires an additional update for use in the Si system. The reason why 
the indocyanine green-FireFlyTM camera system was not used routinely 
in the present study is the continuation of a randomized study in our 
clinic.

The use of new technologies in cancer surgeries leads to suspicion 
whether resection is sufficient oncologically. It is known that the 

Table 3. Histopathological data

Tumor diameter, cm 3.7±2.2

Number of lymph nodes 25.3±12.0

Number of metastatic lymph nodes 1.3±3.0

pT 

T
0

13 (13%)

T
1

9 (9%)

T
2

22 (22%)

T
3

44 (44%)

T
4

12 (12%)

pN

N
0

69 (69%)

N
1

19 (19%)

N
2

12 (12%)

pTNM staging

0 15 (15%)

I 26 (26%)

II 27 (27%)

III 26 (26%)

IV 6 (6%)

Proximal surgical margin, cm 16.6±6.4

Distal surgical margin, cm 2.8±1.7

Radial surgical margin, cm 1.6±1.4 

Surgical margin positivity 4 (4%)

The integrity of the mesorectal fasciaa

Complete 38 (60.3%)

Near-complete 23 (36.5%)

Incomplete 2 (3.2%)

pTNM: pathological tumor-node-metastasis
aMesorectal fascia integrity was evaluated in 63 patients who underwent total 
mesorectal excision. Data are presented as number (%) or mean ± standard deviation
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number of lymph nodes harvested is directly related to the prognosis of 
the disease. The mean number of lymph nodes harvested in our series 
was 25.3 and this was higher than the number of lymph nodes reported 
in other large series (11.7-15.0) on robotic rectal cancer surgery (27-29). 
Surgical margin positivity was 4% and this data is within the range of 
2.5% to 7.3% in the literature (27,29,30).

Study Limitations

The retrospective nature of our study is an important limitation. No 
comparison with the Si system can also be regarded as a limitation. 
However, this comparative study was previously reported from our clinic 
(12) and the main objective of this study was to present that a fully 
robotic approach in rectum tumor surgery with the Xi system is possible. 
Considering the limited number of studies in the literature, increasing 
data on this subject may lead further prospective comparative studies.

Conclusion
The multiquadrant access feature provided by the Xi robot system 
enables multiquadrant abdominal surgery to be performed with a 
fully robotic approach without the need for a laparoscopic assistance, 
robot re-docking or re-positioning of the trocars. This feature allows the 
surgeon to make an optimal use of the advantages of robotic surgery in 
all stages of rectal cancer surgery.
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