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Purpose: To outline the preliminary experience of the da Vinci
®

robotic system used in a

Moscow tertiary colorectal referral center for an unselected range of benign and malignant

rectal conditions.

Methods: Prospective non-randomized single-center study which analyzed results of 26

robotic rectal resections performed between january 2014 and december 2016.

Results: The cohort included 10 females and 16 males (mean total age 61.6 years). Three

patients underwent surgery for benign rectal villous adenomas. The median overall ASA

score was 4 (ranged from 2 to 5). Of the surgeries, there were 19 total mesorectal exci-

sions with 6 patients undergoing a multivisceral resection. The mean operating time was

358  minutes with a mean blood loss of 203 mL. All total mesorectal excision specimens

were adjudged according Philip Quirke classification as mesorectal plane – Grade 3 with a

mean of 18.5 lymph nodes identified (from 12 to 35). Of these there were 10 patients (38.5%)

with lymph node metastases. After surgery the average pain score was 2.1 out of 10 on the

“Visual-Analogue Pain Intensity Scale” and 1.5 score out of 10 on the “Brief Pain Inventory

with Quality of Life”. Anal continency after rectal resection with total mesorectal excisions

estimated according Wexner Scale: 10 days after surgery average score was −3.1 and a 6

month after surgery −1.6 score. The median length of hospital stay was 11 days (from 10 to

15).

Conclusion: Our initial experience with a totally robotic rectal resection has shown the tech-

nique to be safe and feasible, particularly in patients where conventional laparoscopic rectal

resection would be anticipated to be challenging.
© 2018 Sociedade Brasileira de Coloproctologia. Published by Elsevier Editora Ltda. This

is  an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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Ressecção  retal  robótica:  experiência  preliminar  russa

Palavras-chave:

Cirurgia robótica

Câncer retal

Cirurgia colorretal

r  e  s  u  m  o

Objetivo: Delinear a experiência preliminar do sistema robótico da Vinci® usado em um

centro de referência colorretal terciário de Moscou para uma gama não selecionada de

problemas retais benignos e malignos.

Métodos: Estudo unicêntrico prospectivo não randomizado que analisou os resultados de 26

ressecções retais robóticas realizadas entre janeiro de 2014 e dezembro de 2016.

Resultados: A coorte incluiu 10 mulheres e 16 homens (idade total média de 61,6 anos).

Três pacientes foram submetidos à cirurgia para adenomas vilosos retais benignos. O escore

global mediano da ASA foi de 4 (variou de 2 a 5). Das cirurgias, houve 19 excisões mesorretais

totais com 6 pacientes submetidos à ressecção multivisceral. O tempo médio de cirurgia foi

de  358 minutos, com perda sanguínea média de 203 mL. Todas as amostras de excisão total

do  mesorreto foram classificadas de acordo com a classificação de Philip Quirke como plano

mesorretal - Grau 3 com uma média de 18,5 linfonodos identificados (de 12 a 35). Destes,

havia 10 pacientes (38,5%) com metástases linfonodais. Após a cirurgia, o escore médio de

dor foi de 2,1 de 10 na Escala de Intensidade da Dor Visual-Analógica e de 1,5 de 10 no

“Inventário Breve de Dor com Qualidade de Vida”. Continência anal após ressecção retal

com excisões totais mesorretais estimadas de acordo com a Escala de Wexner: 10 dias após

a  cirurgia o escore médio foi -3,1 e um escore de -1,6 após 6 meses da cirurgia. A mediana

do  tempo de internação foi de 11 dias (de 10 a 15).

Conclusão: Nossa experiência inicial com uma ressecção retal totalmente robótica mostrou

que  a técnica é segura e viável, particularmente em pacientes nos quais a ressecção retal

laparoscópica convencional seria prevista como um desafio.

©  2018 Sociedade Brasileira de Coloproctologia. Publicado por Elsevier Editora Ltda. Este

é  um artigo Open Access sob uma licença CC BY-NC-ND (http://creativecommons.org/

continence grading using the Wexner scale. Postoperative
Introduction

Although there are extensive data showing the feasibility
and oncologic safety of laparoscopic rectal resection,1,2 the
approach can be technically challenging.3–5 Some of the chal-
lenges with minimally invasive surgery reflect the ergonomic
limitations of the current instrumentation as well as the
effects of a restricted tactile feedback. In addition, the con-
straint of 2-dimensional visualization significantly reduces
depth perception and hand-eye coordination.6 The intro-
duction of the da Vinci

®
robotic system (Intuitive Surgical,

Sunnyvale CA) for proctectomy results in a 3-dimensional view
with fixed retraction provided by the assisting robotic arm
along with flexible instrumentation which enhances maneu-
verability. In some surgical environments, the philosophy has
been to introduce the robot in order to overcome some of the
pitfalls of laparoscopy, thereby providing an alternative to the
conventional transition in training and surgical apprentice-
ship where the trainee would normally graduate from open
through to laparoscopic and then to robotic surgery.7 In rectal
resection in particular, the robot can partially overcome the
negative impact of a narrow field of vision, (most notably in

a small pelvis), magnifying both the autonomic nerves and
the correct plane of mesorectal fascial excision. The aims of
this paper are to outline the preliminary experience of the
da Vinci

®
robotic system as used in a Moscow tertiary col-
licenses/by-nc-nd/4.0/).

orectal referral centre for an unselected range of benign and
malignant rectal diseases.

Patients  and  methods

Ethical permission for the assessment of patient records
was provided by the University Hospital Ethics Committee
of the Loginov Clinical Scientific Centre Moscow. All patients
provided informed consent for their procedures. The col-
orectal Unit performs 150 colorectal resections annually. The
study analyzed patients retrospectively with the prospec-
tive accumulation of data, assessing all consecutive robotic
cases performed between January 2014 and December 2016.
All patients were operated upon by a single surgeon (IK).
Patients undergoing robotic surgery received an equivalent
preoperative work-up to those cases operated upon by dif-
ferent methods including full colonoscopy, tumour biopsy, CT
scanning and Magnetic Resonance Imaging (MRI) along with
CEA and CA 19–9 estimation. Demographic patient data were
collated (American Society of Anesthesiologists Score – ASA
score, International Prostate Symptom Score – IPSS score) with
performance of preoperative Anorectal Manometry (ARM) and

8

pain was estimated by patients along a Visual-Analogue Pain
Intensity Scale and a Brief Pain Inventory with Quality Of Life
(QOL) determined by the EORTC-QLQ-C38 validated scale.9
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Fig. 1 – Modified padded L

perative  technique  and  experience

perating  room  set-up

ollowing the induction of general anaesthesia, patients were
laced in the Lloyd–Davies position (Fig. 1) with Trende-

enburg tilt. The first 10 procedures were performed with
 hybrid surgical technique, with laparoscopic mobilization
f the left colon and splenic flexure and a robotic Total
esorectal Excision (TME). This learning approach was ini-

iated and developed in accordance with other reported
tudies.10 The remainder of the cases were conducted as

 single-stage totally robotic operation. The single-stage
rocedure is performed without changing the position of
he robotic cart, although the robotic arms are reposi-
ioned between operative phases (vide infra). Fig. 2 shows
 schematic and an operative view of the standard trochar
lacement following the induction of pneumoperitoneum.

ig. 2 – Trocar positioning (operative and schematic images). Cam
ank trochar (8 mm);  R2b, Left Hypochondrial trochar (8 mm);  R3,

15 mm).
–Davies patient position.

The intra-abdominal pressure is monitored and maintained
at 8 mmHg.

The positioning of the ports is demonstrated in Fig. 2.
In brief, the robotic trochars (R1, R2 and R3) are placed as
shown in the right flank (R1), the left flank (R2a) and the left
hypochondrium (R2b) with an R3 right subcostal port. The
4 principal ports are each separated by at least 10 cm from
one another and act as the robotic arms in the later cases
of totally robotic resections. The robotic cart is positioned
obliquely at the left lower quadrant of the abdomen in line
between the camera port and the left anterior superior iliac
spine. After placement of the ports and positioning of the
robot cart, the arms are docked. There is necessary reposition-
ing of the robotic arms during the different steps of surgery;
namely during (1) dissection of the main mesenteric vascular
pedicle and (2) mobilization of the sigmoid and descending
colon and the splenic flexure. For both of these dissections

the R1, R2b and R3 ports are used. When the rectum is mobi-
lized down to the levators one of the dissectors is moved to

SUL SUL

R3

R1

R2b

R2a
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era port C (12 mm);  R1, Right flank trochar (8 mm);  R2a, Left
 Right Hypochondrial trochar (8 mm);  A, Assisting port
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Fig. 3 – Inferior mesenteric vascular isolation (A) and preaortic dissection (B); IMA  and IMV  isolation (C) and transection (D).
A, Opening of the peritoneum above the aorta and the right iliac artery. B, Mobilization of the Inferior Mesenteric Artery
(IMA) in front of the embryologic preaortic fascial layer. C, Dissection of the IMA  with preservation of the left colic artery

A  pr
(arteria colica sinistra). D, Clipping and transection of the IM

the R2a position for maximal assistance with the use of both
hands.

Vascular  pedicle  ligation  and  splenic  flexure  mobilization

Vascular ligation is performed robotically akin to that con-
ducted laparoscopically. The peritoneum is opened above
the right common iliac artery with further dissection of the
abdominal aorta up to the Inferior Mesenteric Artery (IMA)
and extending to between 1 and 1.5 cm below the visible part
of the duodenum until the low horizontal branch of the IMA  is
demonstrated. Dissection is performed in accordance with the
embryological layer which separates the sigmoid mesocolon
from the preaortic fascia. A lymphadenectomy is extended
distally to the left colic artery with preservation of this vessel,
removing tissue from the root of the IMA  take-off but taking
care to protect the periaortic hypogastric neural plexus. The
IMA  is clipped with Hem-o-lock laparoscopic clips (Weck Clo-
sure System, Research Triangle Park NC) and then transected.
The lower Inferior Mesenteric Vein (IMV) is dissected supe-
riorly towards the ligament of Treitz and is divided near the

lower border of the pancreas. In the second phase, the left
colon is separated from the retroperitoneum identifying the
left ureter and gonadal vessels with the assistant retracting
the sigmoid medially and providing lateral counter-traction of
eserving the left colic vessel take-off.

the R2b arm. The R3 arm can assist in pulling the omentum
upwards during splenic flexure mobilization. These operative
manoeuvers are shown in Fig. 3(A–D).

Rectal  mobilization

The second robot arm is then moved from position R2b
to site R2a with dissection of the pelvic peritoneum. The
right hypochondrial port is used to retract the rectosigmoid
upwards with demonstration of the embryologic TME  plane
in front of the hypogastric nerves. Further posterior dissec-
tion is approached from the left lateral plane lifting the rectum
upwards and to the right. Right lateral rectal dissection is then
completed in a reverse fashion of retraction with anterior dis-
section commenced by incising the peritoneal reflection in
order to develop the plane between the rectum and either the
prostate/seminal vesicle complex or the vagina (Fig. 4A, B). In
rectal cancer cases, dependent upon the level of the tumour,
either a partial or a Total Mesorectal Excision (TME) is per-
formed. When the mobilization of the rectum is complete,
it is transected with an Echelon Flex (Ethicon Endo Surgery,

3.8 mm)  linear stapler (40 or 60 mm)  or with an Endo-GIA
Universal Roticulator (45 or 60 mm).  And with intracorporeal
anastomosis is constructed inserting the stapler through the
rectal stump (Fig. 5A, B). Once the circumferential dissection
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Fig. 4 – Rectal mobilization. A, Left hand side posterior rectal mobilization; B, Line of anterior rectal dissection.

Fig. 5 – Rectal transection and intracorporeal anastomosis. A, Stapled rectal transection; B, Circular stapled intracorporeal
a
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Table 1 – Operative times and blood loss for hybrid
procedures and single robotic docking.

Type of operation Hybrid operations Robotic single docking

Values Mean Min Max Mean Min Max
nastomosis.

f the rectum is completed, the robotic instruments are dis-
ngaged and the cart is withdrawn away from the operating
able. The TME  specimen is assessed for quality in the stan-
ard manner.

esults

he initial group included 10 females and 16 males (mean
otal age 61.6 years ± 9.3 years) with an even distribution in
ancer cases of stage (3 patients Stage 1, 8 patients Stage II,

 patients Stage III and 5 patients Stage IV). Three patients
ere operated on for benign rectal villous adenomas. Two-

hirds of patients had significant comorbidities (7 patients
ith diabetes, 5 patients with respiratory system diseases, 18
ith cardiovascular and 12 with others comorbidities) with

 median ASA score 4 (from 2 to 5). Of the surgeries, there
ere 19 total mesorectal excisions (TME) with 6 of whom
nderwent a multivisceral resection: one patient underwent
imultaneous bladder resection in case with localy advanced
ectal cancer with urine bladder invasion; one – hysterectomy
or big – size hysteromyoma and 3 – undergoing oophorectomy
or ovarian cysts) with one synchronous S–VI liver segmentec-
omy for rectal single small metastasis.

The mean operating time was 358 min  (range 210–670 min)
ith a mean blood loss of 203 mL (range 50–600 mL). Longer
perating times were noted with the few combined proce-

ures as well as with the single docking technique of the
obotic arms (Table 1). All mesorectal excision specimens were
djudged as a Grade IV according Philip Quirke Classification
ith average identified lymph nodes 18 (range 13–45). Of these
Time (min) 405 245 670 328 210 435
Blood loss (mL) 255 50 60 172 50 600

there were 10 patients (38.5%) with lymph node metastases.
Lymph node detection was dependent upon whether a partial
or a total mesorectal excision was performed (partial TME  – 7,
average lymph nodes – 14.6; range 13–16 vs. TME  – 19 – avarege
lymph nodes – 19.6; range 14–45, respectively; differences are
not significant according Fisher test – 1.061).

The mean pain score was 2.1/10 (range 0–6.5), with indi-
cators evaluated daily for 10 days after surgery on the visual
analogue scale. Values were recorded as 1.5/10 (range 0–10) on
the Brief Pain Inventory (BPI) with 2 patients recording a max-
imum value of 6.5. Only one patient suggested that their pain
was severe enough to restrict their normal range of life activ-
ities which included day-to-day activities, mood, the ability
to perform work duties, sleep and the perception of enjoy-
ment. Part of this data is visually shown in Fig. 6. There were 3
patients with postoperative urinary difficulty (graded on the I-
PSS score)11 including one case of an atonic bladder requiring
recatheterization which was converted to a suprapubic cys-

tostomy and which recovered by 4 months of follow-up. The
median preoperative Wexner continence score was 2.7 (range
0–7) with a 10 day postoperative Wexner score of 3.1 (range 1–8)
and a 6 month postoperative Wexner score of 1.6 (range 0–4).
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One patient underwent early repeat surgery for an adhesive
small bowel obstruction. This patient underwent diagnostic
laparoscopy which showed the single adhesion which was
divided. The overall median length of hospital stay was 11 days
(range 5–17).

Discussion

This preliminary study outlines the first experience in Rus-
sia with the da Vinci

®
(Intuitive Surgical Inc., Sunnyvale CA)

robotic system in rectal resection, showing that the technique
is feasible and safe either in isolation or in hybrid procedures
with synchronous resections. The operating times are consid-
erable at this stage of our experience specifically for combined
procedures and when single docking is used. The first robot
utilized in clinical surgery was the automated endoscopic sys-
tem for optimal positioning (AESOP; Computer Motion Santa
Barbara CA) which in 1994 was the Zeus surgical system, orig-

inally designed as a surgical assistant. The da Vinci
®

system
was introduced as the first telerobotic system constructed as
an operative manipulator with its first use in rectal cancer
excision reported by Pigazzi et al. in 2006.12

Despite its high cost, the robot has been adopted worldwide
with translation to rectal cancer care usually after experi-
ence has been gained in laparoscopic rectal resection and
anastomosis.13 Comparative studies between laparoscopic
and robotic rectal resection (specifically in rectal cancer), have
shown an equivalent safety profile14–16 with generally lower
conversion rates to open surgery,17 comparable quality of the
resected TME  specimens and equivalent or better circumfer-
ential and distal resection margins when the robotic method18

is compared with the laparoscopic technique.1 The MRC CLA-
SICC Trial1,19 showed a higher conversion rate in the rectal
laparoscopic group with a greater morbidity in those rectal
cases needing open conversion. This early study highlighted

the technical limitations of wholly laparoscopic surgery. In a
meta-analysis of robotic rectal resection by Memon et al.,17 the
lower conversion rates seen in the robotic group were particu-
larly recognized in those cases which would have represented
t for day-to-day activity.

a greater challenge for laparoscopic resection. This was most
notably in very obese patients, those who had undergone
prior abdominal surgery, patients with lower rectal cancers
and those undergoing resection after neoadjuvant chemora-
diation.

The robotic approach overcomes some of the limitations in
laparoscopic rectal surgery where straight instruments tend
to encourage crowding and collision in the small working
area of the pelvis and where there are limited degrees of
freedom and comparatively poor ergonomics. These laparo-
scopic restrictions specifically can impair adequate pelvic
nerve visualization with difficulties in retraction making rectal
cross-stapling challenging. By contrast, the core technologies
of the da Vinci

®
system provide a greater range of articulation

with improved dexterity along with more  natural hand-eye
coordination, tremor filtration and a 3-dimensional stereo-
scopic view. In this respect, the ends of the robotic arm have
an endowrist articulation permitting 7 degrees of freedom, a
180◦ articulation and 540◦ of rotation, allowing easier suturing
and knot-tying than with the laparoscopic approach.20 For cer-
tain surgical aspects of the procedure, however, it is accepted
that there is no particular advantage over laparoscopic surgery
most notably in achieving vascular control of the major pedi-
cles. Moreover, there will be the occasional need with the robot
to remove one of the arms from the LUQ during splenic flexure
mobilization so as to diminish instrument collision.

As opposed to these advantages, there are several impor-
tant disadvantages of the robotic technique. A lack of tactile
sensation and tensile feedback may result in a higher risk
of tissue damage during traction by the robotic arm and
during movement  of the robotic instrument. Our experience
has shown that the docking and separation procedure of the
robotic cart is time consuming although this is less so with
the totally robotic technique, as opposed to either two- or
three-phased robotic procedures10,21,22 or the earlier hybrid
techniques.23 In general, both the total operating time and the
console time diminishes after about 20 cases, however, this

issue is complex where the lack of haptic sensation is an ulti-
mate rate-limiting step for any of the robotic procedures. The
learning curve for robotic surgery appears less steep than for
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aparoscopic rectal surgery but it is multiphasic, where initial
eductions in operative time may be countered within indi-
idual series by increases in the duration of operations once
ore difficult cases are performed.24,25

Any future effect on the total operating time will be indica-
ive not only of an improved surgical proficiency (as evidenced
y robotic console time) but also will reflect the efficiency of
he entire operative team (as defined by robot docking time).
ontinued assessment of the robot in this manner will pro-
ide a better understanding of the optimal OR set-up and of
easurable robot-related work processes. A graduated robotic

pproach will most likely influence our overall perioperative
orbidity rate, although some complications such as void-

ng dysfunction, postoperative ileus and anastomotic leakage
ill not necessarily be robot-related. In this respect, our inci-
ence of postoperative urinary difficulty was comparable to
ther studies26 and was related to a greater ease with robotic
isualization of the pelvic autonomic nerves. The influence of
he robot on overall postoperative morbidity requires further
ssessment given that there has been no significant improve-
ent in the complication rate over the last 20 years with

aparoscopic colorectal resection.27

There are significant limitations of our study. Our data are
etrospective, early and non-comparative, with only a small
umber of patients. We will need to significantly extend the
atient numbers and experience, assessing the impact of more
ifficult cases and comparing different surgeons with differ-

ng levels of prior laparoscopic experience. Currently in Russia
here are 24 centres nationwide which have acquired the da
inci

®
system and it has been estimated that approximately

000 robot-assisted surgeries have so far been conducted (1581
rocedures performed in 2016 alone). Since 80% of these cases
re urologic surgeries, 10% are gynaecological operations and
0% are general surgical, there needs to be a future rational-
zation of available resources and a cost analysis of the impact
f the robot in dedicated centres performing high-volume col-
rectal surgery.28 In summary, our initial experience with a
otally robotic rectal resection has shown it to be safe and fea-
ible, particularly in patients where conventional laparoscopic
ectal resection would be anticipated to be challenging. Future
tudies will need to address the ergonomics of the OR where
urrently the performance of surgery with the robot in more
han one anatomical area remains time consuming.
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