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Abstract
AIM
To show outcomes of our series of patients that 
underwent a total gastrectomy with a robotic approach 
and highlight the technical details of a proposed 
solution for the reconstruction phase.

METHODS
Data of gastrectomies performed from May 2014 to 
October 2016, were extracted and analyzed. Basic 
characteristics of patients, surgical and clinical outcomes 
were reported. The technique for reconstruction 
(Parisi Technique) consists on a loop of bowel shifted 
up antecolic to directly perform the esophago-enteric 
anastomosis followed by a second loop, measured up 
to 40 cm starting from the esojejunostomy, fixed to the 
biliary limb to create an enteroenteric anastomosis. The 
continuity between the two anastomoses is interrupted 
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just firing a linear stapler, so obtaining the Roux-en-Y 
by avoiding to interrupt the mesentery.

RESULTS
Fifty-five patients were considered in the present 
analysis. Estimated blood loss was 126.55 ± 73 mL, no 
conversions to open surgery occurred, R0 resections 
were obtained in all cases. Hospital stay was 5 (3-17) 
d, no anastomotic leakage occurred. Overall, a fast 
functional recovery was shown with a median of 3 (3-6) 
d in starting a solid diet.

CONCLUSION
Robotic surgery and the adoption of a tailored recon-
struction technique have increased the feasibility 
and safety of a minimally invasive approach for total 
gastrectomy. The present series of patients shows its 
implementation in a western center with satisfying 
short-term outcomes.

Key words: Esophagojejunal anastomosis; Gastric 
cancer; Total gastrectomy; Robotic surgery; Minimally 
invasive surgery

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Minimally invasive surgery is growing interest 
for gastric cancer. Technology has allowed to increase 
the safety and feasibility of this approach, even in 
demanding procedures. Total gastrectomy represents 
a challenge in this context due to the need to ensure 
a safe esophagojejunal anastomosis. Leakages can 
strongly influence the postoperative course of the 
patient until lead to serious consequences. 

Parisi A, Ricci F, Gemini A, Trastulli S, Cirocchi R, Palazzini 
G, D’Andrea V, Desiderio J. New totally intracorporeal 
reconstructive approach after robotic total gastrectomy: Technical 
details and short-term outcomes. World J Gastroenterol 2017; 
23(23): 4293-4302  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i23/4293.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i23.4293

INTRODUCTION
Minimally invasive surgery for gastric cancer is growing 
attention due to its potential advantages in enhancing 
the postoperative recovery of patients and quality of 
life[1]. The main limitations are the proper execution of 
an extended lymphadenectomy, when required, and a 
safe approach for reconstruction.

The latter is still the object of controversy and 
most surgeons are concerned about the possibility to 
perform a totally intracorporeal procedure after a total 
gastrectomy.

Recent spread of the robotic systems has modi

fied the way we perform minimally invasive surgery 
and has led to the evolution of traditional laparoscopy. 
This progress allows surgeons to overcome the 
limits of laparoscopy through a 3D vision, articulated 
instruments, filtering of physiological tremor and 
absence of fulcrum effects, thus increasing dexterity 
and precision in dissection and suturing movements. 
These are key factors required for complex and technical 
demanding reconstructions to restore the digestive 
continuity.

However, nowadays, few studies[2] have discussed 
about reconstruction techniques for minimally invasive 
gastric surgery even if this issue is the most impacted 
factor on postoperative outcomes.

Hybrid procedures are common described in the 
literature, in most of cases an extracorporeal recon
struction approach has been adopted because allows 
to easily overcome the difficulties of an intracorporeal 
Rouxeny procedure.

The main limitations surgeons have in minimally 
invasive reconstruction after total gastrectomy are: 
reduced freedom of movements in the pneumo
peritoneum space, properly identification of the 
segment of small bowel for the EJ anastomosis 
and then the level where perform the Jejunojejunal 
anastomosis. Moreover, traditional laparoscopic 
instruments cannot enable a handsewn anastomosis, 
thus surgeons have adopted techniques based on 
the use of mechanical staplers. However, intrinsic 
limitations of these methods should be considered 
when approaching an intracorporeal anastomosis 
involving the esophagus.

This study aims to show outcomes after adopting 
a new robotsewn intracorporeal reconstruction 
technique after total gastrectomy, conceived at our 
Institution, that can simplify and make friendly this 
challenging phase.

MATERIALS AND METHODS
Type of study
This is a singleinstitution observational study, eva
luating a new reconstruction approach after total 
gastrectomy. The study was registered at clinical trials.
gov with the registration number: NCT02325453.

Eligibility
Patients with the following characteristics were included: 
preoperative staging assessment in accordance to 
international guidelines[3,4], Early Gastric Cancer, 
Advanced Gastric Cancer, curative surgery, robotic 
surgical approach. Exclusion criteria were: metastatic 
disease, palliative resection, synchronous malignancy 
in other organs, synchronous other major abdominal 
surgery, high operative risk (ASA > 4).

Data collection
Data of gastrectomies performed from May 2014 to 
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October 2016, at St. Mary’s Hospital of Terni (Italy), 
were extracted and analyzed.

Data were collected by reviewing medical records 
and surgeries performed[5]. A tailored webbased 
protected system was used (https://imigastric.logix
software.it/).

The present study was planned and developed in 
accordance with the STROBE guidelines and statement[6].

Reported outcomes
Descriptive information on characteristics of patients, 
details of procedures and tumor findings were 
reported. 

Operative results, data on the postoperative course 
and assessment of complications were based on the 
following primary outcomes: Estimated blood loss (EBL, 
mL), retrieved lymphnodes (No.), hospital stay (d), 
resumption of a liquid and solid diet (POD), inhospital 
complications (No., Type), 30 d readmission (No.). 

Secondary outcomes included: the operative 
time (min), margin status (No. negative/total) and R 
assessment (No. R0 resections), intraoperative com
plications and death (No.), resumption of peristalsis 
(POD).

Statistical analysis
IBM SPSS Statistics V.23 was used in this study and an 
intention to treat analysis was performed. Continuous 
variables were reported as mean ± SD or median 
and range. Numbers and percentages were used to 
express dichotomous variables.

Surgical technique
A 4arm Da Vinci SI Robotic Surgical System is used 
during the procedure (Figure 1). The surgical technique 
can be divided into six phases: (1) coloepiploic 
mobilization; (2) ligation of the right gastroepiploic 
artery; (3) ligation of the right gastric artery and 
section of the duodenum; (4) lymphadenectomy of 
major vessels; (5) section of the esophagus; and (6) 
doubleloop reconstruction method (Parisi Technique).

The pneumoperitoneum is created with a Veress 

needle in the periumbilical region. The intraabdominal 
pressure is set to 12 mmHg.

The mobilization of the stomach can be performed 
by either traditional laparoscopy or robotic surgery, 
depending on patient characteristics and surgeon 
preferences.

First, a complete coloepiploic mobilization is 
achieved using the harmonic scalpel from right to left 
and the epiploon retrocavity is opened. During this 
phase lymph stations no. 4d, 4sa and 4sb are isolated 
and removed.

During the second phase the superior right colic 
vein is identified and the trunk of Henle is found. After 
this step, the gastroepiploic vein is sectioned at its 
origin. The right gastroepiploic artery is tied between 
hemolocks at its origin and the lymph nodes in 
station no. 6 are removed.

The first portion of the duodenum is released and 
the assistant introduces an articulated linear stapler for 
its section.

The lymphadenectomy of major vessels begins at 
the level of the proper hepatic artery.

The right gastric artery is identified and sectioned 
between hemolocks, at its origin, thus removing 
station no. 5. The lesser omentum is also dissected 
releasing station no. 3.

All the soft tissue along up to hepatic pedicle 
is removed including station no. 12a. Station no.8 
is removed from the common hepatic artery. The 
dissection continues to the left of side of the celiac 
trunk to remove the station no. 9. Station no. 7 is 
dissected and the left gastric artery is sectioned. 
The splenic artery is followed and station no. 11p is 
removed, while the tissue on the proximal part of 
the artery (11p) is cleared based on the tumor and 
patient characteristics. Station no. 10 is not routinely 
dissected, because the high risk of major injuries due 
to anatomical characteristics of western patients that 
almost always does not allow a safety dissection of 
that area. 

Finally, the soft tissue representing station no. 1 
and no. 2 is dissected, thus releasing the esophagus 
and the anterior and posterior branches of the Vagus 
nerve which are sectioned.

In the last phase, the digestive continuity is restored 
with the Parisi Technique (Figure 2). Two stitches are 
placed to secure the esophagus to the diaphragm pillars 
(Figure 3). Then, the assistant temporarily removes 
the robotic arm no. 2 and changes the robotic trocar 
(8 mm) with a 12 mm trocar in order to introduce the 
stapler with the correct angle of section. 

The esophagus is thereby sectioned and closed 
(Figure 3), through the mechanical linear stapler, 
considering the right distance from the tumor and 
avoiding tensions.

At the beginning the surgeon at the console detects 
the angle of Treitz to move the bowel loops above the 
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side on the esophagus left and the alimentary side 
on the right. The first loop is prepared. The surgeon 
performs an endtoside esophagojejunal robotsewn 
anastomosis (Figure 5). The operator starts performing 
a first posterior layer with interrupted stitches using 
a Vicryl 2/0 for each point, joining the jejunal serosal 
and the muscle layer of the esophagus. Then, both the 
small intestine and the esophagus are opened. The 
surgeon performs the internal layer with a running 
suture, using a 3/0 PDS wire. During each step of the 
suture both the small intestine wall and the esophageal 
wall are fullthickness crossed. After this step, the 
anterior plane is approached. A second running suture 
joins the posterior one at the anastomosis angles. 
The anterior plane is completed with interrupted 
stitches covering the internal layer. The second loop is 
identified at a distance of about 30 to 40 cm from the 
E-J anastomosis. This loop is located close to the first 
anastomosis, on the left side, and it is used to perform 
the jejunojejunal anastomosis. At this point, the 

transverse colon close to the sectioned esophagus. The 
selected portion of jejunum must be free from stretching 
and twisting, to ensure a successful anastomosis. The 
selected loop is fixed with two stitches to the posterior 
wall of the esophagus (Figure 4), placing the biliary 

A B C

Figure 2  Double loop reconstruction method. A: 1 step: E-J anastomosis; B: 2 step: J-J anastomosis using the second loop; C: 3 step: interruption of continuity 
between the two anastomoses.

Figure 4  A first loop of small bowel is identified and brought antecolic (A), 
two stiches are placed to pair it with the esophagus (B).

A B

A B

C D

Figure 5  Esophagus and jejunum are opened (A), the posterior layer (B) 
is first performed followed by the anterior layer (C and D).

Figure 3  Division of the esophagus. A: After fixing the esophagus to the 
diaphragm pillars; B: An articulated mechanical linear stapler is introduced by 
the assistant through a 12 mm trocar; C and D: The esophagus is sectioned 
and closed.

A B

C D

R2
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surgeon fixes the chosen intestinal segment (second 
loop) to the biliary limb of the first loop with two sero-
serosal stitches. The assistant fires the stapler (Figure 
6) and then the surgeon at the console closes the 
entry holes of the stapler with two layers of sutures (the 
first is a running suture and the second layer is made 
with interrupted stitches). The operation ends with the 
interruption of the digestive continuity between the 
two anastomoses (Figure 7) by firing a linear stapler 
and thus creating a modified Roux-en-Y.

A suction drain is positioned close to the EJ 
anastomosis, while the nasoenteric tube is not placed. 
The specimen is removed through a 5 cm Mc Burney 
incision, in the right iliac fossa. 

RESULTS
Data of 55 consecutive patients underwent the robotic 
doubleloop reconstruction method (called Parisi 
technique) after performing a robotic total gastrectomy 
for gastric cancer were considered in the present 
study. Table 1 reported patients’ characteristics. Mean 
age was 72.56 ± 10.67, 66.04% of patients had one 
or more comorbidities and the mean BMI was 24.42 
± 72.56. Most tumors were in the middle third of the 
stomach (54.54%).

If the tumor is localized at the lower third of the 
stomach, usually we perform a BII subtotal gastrectomy, 
with a robotic intracorporeal anastomosis. However, 
in some selected cases we prefer to perform a total 
gastrectomy.

In 12 of the reported cases, where the tumor was 
located in between the lower and the middle third of 
the stomach, we decided, after discussion with the 
patient, to perform a total than a subtotal gastrectomy 
for the following reasons: (1) some patients were less 
than 65 years old and we wanted to reduce the risk 
of recurrence on the residual limb (5 patients); (2) 
the lesion appeared to extensively involve the lower 
two thirds of the stomach (5 patients); and (3) in two 
cases with diffuse type, there was not only a main pre
pyloric lesion but also a biopsy proven adenocarcinoma 
at the upper third.

Total operative time was 354.21 ± 68.8 (Table 
2). Intraoperative blood loss was 126.55 ± 73. No 
conversion to open surgery or major intraoperative 
complications occurred. The median number of retrieved 
lymph nodes was 35 (95%CI: 1547). All specimens 
were evaluated as R0 resections. Histopathological 
characteristics are shown in Table 3.

Table 4 summarizes the postoperative findings. 

Table 1  Characteristics of patients 

Characteristics

Sex (male/female), no. 31/24
Age (yr) 72.56 ± 10.67
BMI (kg/m2) 24.42 ± 72.56
Comorbidity, n (%) 35 (66.04)
ASA score, n 
   Ⅰ   8
   Ⅱ 19
   Ⅲ 28
   Ⅳ   0
Tumor location, n
   Lower third 12
   Middle third 30
   Upper third 13

Table 2  Operative results 

Outcomes

Overall operative time, min  354.21 ± 68.8
Incision for specimen extraction, n
   Right McBurney incision 55
length of minilaparotomy, cm 5 (4-6)
Intraoperative blood loss, Ml 126.55 ± 73
Intraoperative morbidity, n   0
Intraoperative Mortality, n   0
Conversion, n   0
Extent of lymphadenectomy, n
   D1   0
   D1+   5
   D2 50

A B

Figure 6  Second loop is identified at 40 cm from the E-J anastomosis, 
along the alimentary limb, and brought up to the first anastomosis on 
its left side through a mechanical stapler (A), a side to side jejunojejunal 
anastomosis is created between the second loop and the biliary limb of 
the first loop (B).

A B

Figure 7  Two anastomoses are easily interrupted by firing the stapler (A 
and B).
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The median hospital stay was 5 d. We observed a 
fast recovery of different levels of food intake after 
gastrectomy, enabling patients to go through a 
liquid diet (Median = 2; 95%CI: 25) until starting 
a solid diet (Median = 3; 95%CI: 36). No major 
complications or death occurred. None of the 55 
patients experienced anastomotic leakage.

DISCUSSION
The restoration of the digestive tract after total 
gastrectomy is a technically demanding phase. 

Minimally invasive surgery has been developed in 
recent years even for complex oncological procedures 
thanks to new available devices and increased 
surgeons experience[2].

In the literature (Table 5), only 22 studies[5,727] 
from 16 institutions have reported the use of robotic 
surgery in gastric cancer including total gastrectomy. 
Eleven studies are comparative[9,1115,17,18,2123], others are 
case series and personal experiences[5,7,8,10,16,19,20,24,27]. 
Limitations of studies are to provide outcomes including 
in their analysis different types of gastric resection. 

In fact, only 5 studies[5,17,22,24,27] reported information 
on total gastrectomy alone. Others reported data on 
surgical interventions within a more general analysis 
including different types of gastric resections as subtotal 
or proximal gastrectomy. Overall, 466 procedures on 
total gastrectomy can be detected in the literature. This 
makes difficult to better understand the real effect of 
robotic surgery on total gastrectomy that is a different 
and more complex surgery.

Moreover, Table 6 shows that most of studies 
reported limited information. Only eight studies showed 
data on patient and tumor characteristics or operative 
and clinical results[2,17,2024,26].

Regarding the technique used, all studies reported 
the assistance of the robot in the mobilization of 
the stomach and in lymphadenectomy. Ten authors 
reported an extracorporeal reconstruction and only 
eleven studies[2,810,13,16,18,19,23,24,26] reported a robotic 
assistance in this phase and an intracorporeal approach. 

There are two main issues to consider: the way 
to perform the Rouxeny reconstruction and how to 
perform it.

In the intracorporeal approach, a circular stapler is 
generally used but other solutions include the Orvil[16] or 
the Overlap technique[16,23]. Some authors[10,25] described 
the use of the robot to perform a manual pursestring 
around the anvil, but only few reports[5,13,19,24] in the 
literature reported its use for a complete handsewn 
anastomosis.

Surgeons are generally afraid to perform the latter, 
because the high surgical skills required in conventional 
surgery and the risk for leakage if not well performed. 

By the other hand and regardless of the approach, 
using mechanical staplers has standardize the way 
to perform the reconstruction after total gastrectomy 
and apparently give more safety. If this is true in 
open surgery, this is more challenging when adopting 
an intracorporeal approach. A mechanical trouble 
when firing the stapler or a leakage for incomplete 
closing at the EJ level can lead the patient to serious 
complications until death.

We decided to develop a new technique to overcome 
the reported limitations of the intracoproreal approach. 
Particularly we found a feasible and safe way to perform 
a complete robotic reconstruction without the need to 
convert the procedure to open or laparoscopic surgery 
or using others potentially dangerous techniques.

The accuracy of the robotic system, the micro
surgical instruments and particularly the endowrist 
allow the surgeon to perform movements that are 
even difficult to reproduce in open surgery. 

We believe that this technology should be exploited 
in complex digestive procedures, as in a total gastrec
tomy and our study demonstrates the usefulness of 
the robotic system in performing a safe handsewn EJ 
anastomosis.

Table 3  Clinical outcomes during hospitalization and 
complications

Outcomes

Time to peristalsis, d 1 (1-3)1

Time to resume liquid diet, d 2 (2-5)1

Time to resume solid intake, d 3 (3-6)1

Length of hospital stay, d   5 (3-17)1

Postoperative 30-d complications, n 0
Reoperations, n 0
30-d mortality, n 0

1Values are expressed as median (range).

Table 4  Histopathological data 

Outcomes

Diameter of the tumor, cm 4.25 (1-8)1

Proximal margin, cm 6 (2-11)1

Number of harvested lymph nodes, n 35 (15-47)1

TNM staging, n (%)
   Stage 0   0
   Stage ⅠA 8 (14.55)
   Stage ⅠB 9 (16.37)
   Stage ⅡA 12 (21.82)
   Stage ⅡB 11 (20.00)
   Stage ⅢA 7 (12.72)
   Stage ⅢB 6 (10.91)
   Stage ⅢC 2 (3.63)
   Stage Ⅳ   0
Residual tumor, n
   R0 55
   R1   0
   R2   0

1Values are expressed as median (range).
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Although it may appear more complex than other 
techniques, during our experience, we have gained 
some tricks: (1) the esophagus should be fixed to both 
sides at the diaphragmatic pillars to avoid retraction 
in the chest; (2) a jejunal loop which can be easily 
approached to the esophagus is essential; (3) two 
interrupted stiches can help in pairing the esophagus 
and the jejunum, delimiting the two ends of the EJ 
anastomosis. Then other two central stitches are 
placed to complete the posterior external layer. Vicryl 
is preferable; (4) only at this point the esophagus and 
the jejunum wall should be opened, we suggest using 
monopolar curved scissors; (5) two running sutures for 
the internal layer, the first posterior and the second one 
anterior are preferable than an interrupted suturing. At 
the beginning of our experience we performed this step 
with interrupted stiches but after few cases we decided 
to move to a running suture because faster and it 
gives a feeling of safety and high adherence between 
the visceral walls; and (6) PDS sutures for the internal 
layer is best, because the combination of an absorbable 
suture and an extended anastomotic support. This 
suture gives fluidity and at the same time tightness, 

when the thread is pulled in tension.
The double loop approach is the other innovative 

element we reported. This technique can speed up the 
reconstruction and have several relevant advantages: 
(1) the loop of bowel can be chosen without tension; (2) 
there is no confusion between biliary and alimentary 
tract; and (3) it is not necessary to interrupt the 
mesentery, reducing the risk of bleeding and internal 
hernias.

In conclusion, the present study is one of the 
largest series focused on robotic total gastrectomy in 
the literature and has shown satisfactory outcomes. 
The innovative technique adopted has demonstrated 
feasibility and safety when performing both the EJ 
and the JJ anastomoses with an intracorporeal robotic 
approach.

Every method for reconstruction has to tackle the 
functional problems of blind loop syndrome, or of 
inadequate transition (e.g., weight loss) through the 
substitute stomach. 

The shortterm followup didn’t highlight any func
tional problems until now, while the evaluation on long 
term results of our approach is ongoing.

Table 5  Literature review on robotic total gastrectomy, overall number of reported cases

Year Type Subject Country Institution Period No. 

Present study 2017 Prospective CS RTG Italy St. Mary’s Hospital of Terni 2014-2016   55
Jiang et al[24] 2015 Retrospective CS RAG China Nanjing University Medical 

College
2010-2012   65

Kim et al[14] 2012 nonRCT RAG vs LG vs OG South 
Korea

Yonsei University College of 
Medicine

2005-2010 109
Son et al[15] 2014 nonRCT RTG vs LTG 2005-2010   51
Woo et al[11] 2011 nonRCT RAG vs LG 2005-2009   62
Song et al[7] 2009 Prospective CS RAG 2005-2007   33
Park et al[20] 2013 Retrospective CS RAG South 

Korea
National Cancer Center 2009-2012   46

Yoon et al[17] 2012 nonRCT RTG vs LTG 2009-2011   36
Kang et al[13] 2012 nonRCT RAG vs LG South 

Korea
Ajou University School of 

Medicine
2008-2011   16

Hur et al[8] 2010 Retrospective CS RAG 2010     2
Hyun et al[18] 2013 nonRCT RAG vs LG South 

Korea
Korea University Anam Hospital 2009-2010     9

Son et al[15] 2012 nonRCT RAG vs LG South 
Korea

Seoul University Bundang 
Hospital

2007-2011     1

Junfeng et al[21] 2014 nonRCT RAG vs LG China Third Military Medical 
University

2010-2013   26

Liu et al[19] 2013 Prospective CS RAG China Subei People's Hospital of 
Jiangsu

2011-2013   54

Giulianotti et al[25] 2003 Retrospective CS RAG Italy Misericordia Hospital of 
Grosseto

2000-2002   10

Coratti et al[26] 2015 Retrospective CS RAG Italy 2000-2014   38
D'Annibale et al[10] 2011 Retrospective CS RAG Italy S. Giovanni Addolorata Hospital 2004-2009   11
Caruso et al[9] 2011 nonRCT RAG vs OG Italy Hospital of Spoleto 2006-2010   12
Suda et al[23] 2014 nonRCT RAG vs LG Japan Fujita Health University 2009-2012   30
Huang et al[12] 2012 nonRCT RAG vs LG vs OG Taiwan Taipei Veterans General Hospital 2010-2012     7
Vasilescu et al[16] 2012 Retrospective CS RAG Romania Fundeni Clinical Institute 2008-2012   19
Zawadzki et al[27] 2014 CR RAG Poland Wroclaw Medical  University 2014     1
Parisi et al[5] 2015 Prospective CS RTG Italy St. Mary’s Hospital of Terni 2014-2015   22
Total1 466

1Excluding the present study.
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particularly when performing a demanding phase of a procedure, as in 
suturing movements. The present study shows a new robotic technique for 
a reconstructive approach. The double loop method can simplify the way to 
perform the reconstruction phase after a total gastrectomy and can allow 
surgeons to overcome the current limitations.

Applications
This study shows the possibility to safely perform a completely intracorporeal 
anastomosis after a total gastrectomy, considered one of the biggest obstacles 
in minimally invasive surgery.

Terminology
Robotic systems are used in minimally invasive surgery and allow the primary 
surgeon to perform the procedure through a remote console.

Peer-review
It is a good observational study who reported the outcome of robotic total 
gastrectomy in one Institution. Total gastrectomy with minimally invasive 
technique is quite challenging with either laparoscopic technique or robotic 
technique. With a series of 55 patients who successfully recovered, they can be 
convinced by the authors and draw such a conclusion that it can be safe.
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