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Background 

The adoption of minimally invasive approaches to the 
treatment of gastric cancer has afforded patients improved 
care compared to historical open procedures. With the 
introduction of laparoscopic gastrectomy in the early 1990’s, 

this minimally invasive technique has proven its superiority 
over open gastrectomy in the treatment of gastric cancer 
in numerous prospective and retrospective studies (1-4). 
Advantages including reduced postoperative pain, shorter 
hospital stay and decreased morbidity have been achieved, 
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and it has demonstrated non-inferior results in terms 
of oncological outcomes (specifically adequate surgical 
margins, lymph node retrieval, disease-free survival and 
overall survival when compared to open techniques) (5). 

The current literature is heavily based on eastern 
hemisphere experience with few notable studies from the 
USA. Three countries, Japan, Korea and China, account for 
60% of the total cases of gastric cancer. Routine surveillance 
programs allow for the detection of cancer with a notably 
high percentage of early-stage gastric cancer resulting in 
T1a/1b constituting 80% of the patient cohort (6). This 
has resulted in a superior 5-year survival compared to the 
USA (27%) and Europe (22%). Oncologic stage at the time 
of surgery is more advanced in the USA (≥T2 45%) and 
Europe (>T2N1 55–75%) (2,7). Given the more advanced 
stage, patients diagnosed are more likely to receive 
neoadjuvant chemotherapy or chemoradiotherapy (8).

Interest in the role of robotic surgery has been increasing 
over the last two decades. Following the first report of 
robotic assisted gastrectomy for gastric cancer in 2002 (9), 
Giulianotti et al. (10) published the first study analyzing 
robotic gastrectomy. In this retrospective study including 
193 patients who underwent a wide variety of robotic 
surgeries, fundoplication for gastroesophageal reflux 
disease was the second most common procedure after 
cholecystectomy, and required a small learning curve of 
20 operations. Robotic surgery seems to be of benefit in 
procedures where fine dissection and high precision are 
required. Though subsequent studies to compare robotic 
gastrectomy to laparoscopy have highlighted the benefits 
of this technique, the superiority of the robot assisted 
procedure has not widely been demonstrated. In this review, 
we aim to clarify the present and the future of gastric cancer 
surgery.

The present in gastric minimally invasive 
techniques

Minimally invasive techniques offer the patient endoscopic 
approaches or comparable surgery through small incisions 
which aid in a faster recovery, less postoperative pain 
and shorter hospital stay. The laparoscopic approach is 
beginning to be replaced by endoscopic or robotic assisted 
techniques. Endoscopy has evolved from a diagnostic tool 
to a therapeutic alternative for early stage (cTis or cT1a) 
gastric cancer in which endoscopic mucosal resection (EMR) 
has proven to be effective (11,12). The advantages of robotic 
surgery are becoming more compelling when considering a 

highly technical procedure such as gastrectomy for gastric 
cancer which includes a D2 lymphadenectomy (13).

Therefore, we searched for prospective and retrospective 
articles comparing laparoscopic and robotic gastrectomy for 
the last 5 years. We found ten articles on this subject from 
which 6 correspond to Asian countries, 3 to Europe and 1 to 
the USA. Only one article by Kim et al. (14) is a prospective 
multicenter study, though it is non-randomized. Herein we 
review the current and most recent evidence concerning 
benefits of robotic-assisted gastrectomy (Table 1).

Tumor stage and location

Most authors agree on the indication of laparoscopic or 
robotic gastrectomy for early gastric cancer with tumors 
with a clinical stage lower than T2N1M0 (4,24). Surgical 
approach for more advanced gastric cancer is still a subject 
of controversy, and surgeons seem to opt for a “more 
secure”, open gastrectomy when indicating surgery for large 
tumors, infiltration of serosa or infiltration of neighboring 
organs. In a retrospective, single-center, single-surgeon 
study comparing laparoscopic vs. robotic gastrectomy, 
Kim et al. (25) show more advanced T classification and N 
classification in the robotic group than in the laparoscopic 
group without associated adverse negative outcomes. 
Concerning the location of tumors in gastric cancer, 
recently published studies compared laparoscopic vs. robotic 
distal gastrectomy (16,17,23), while the remaining studies 
compared results for both total and distal gastrectomy, 
although the ratio distal:total favors distal gastrectomy 
in all of them. This is probably due to the complexity of 
total gastrectomy, which is usually performed with an open 
procedure.

Patients’ body mass index

In accordance with the literature, studies from Asia reviewed 
in this article show mean body mass index of 23 kg/m2.  
Surprisingly, the article from Procopiuc et al. (20) reports a 
mean BMI of 26.05 km/m2, which is higher than the mean 
BMI of 25.8 reported by Strong et al. (15) from a population 
of the U.S.A. However, the range of BMI from the 
European study ranges from 22 to 32 kg/m2, whereas the 
range reported by Strong et al. is wide as 16.9–44.9 kg/m2.  
Besides the fact that robotic gastrectomies are common 
in Asian countries due to the prevalence of this disease, 
some authors affirm that the use of the robot could be 
advantageous in gastrectomies in patients with higher 
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BMI, due to the confined space and smaller visual field for 
dissection in these individuals (23). 

Learning curves

In a study comparing learning curves for laparoscopic 
and robotic gastrectomy by Kim et al. (25), 172 robotic 
and 481 laparoscopic distal gastrectomies were performed 
by the same surgeon who achieved stable operation time 
at 95 robotic and 270 laparoscopic gastrectomies, with 
no differences in surgical outcomes. Alhossaini et al. (6)  
reported a learning curve of 11–25 cases for robotic 
gastrectomy for experienced gastric surgeons, while 
40–60 are said to be required to attain the same standards 
in laparoscopic gastrectomy. Moreover, Huang et al. (4)  
examined the performance by a single surgeon, who 
demonstrated a significant reduction in operative time 
after the initial 25 cases of robotic gastrectomy, while there 
was no such trend for laparoscopic gastrectomy. These 
results suggest that learning curves are shorter for robotic 
procedures. 

Intraoperative bleeding

Due to the rich arterial blood supply to the stomach 
and the proximity to major splanchnic vessels, distal and 
total gastrectomies are operations with the potential for 
hemorrhagic complications. Concerning this, the robot 
poses an advantage over conventional laparoscopy, as 
it enables a highly accurate dissection due to its three-
dimensional magnified vision, with 7 degrees of freedom 
and enhanced wrist movements. Reduced blood loss is 
the perioperative outcome which has demonstrated an 
advantage of the robot in numerous studies on robotic 
gastrectomy (1,6,23,26), as well as other surgical procedures. 

Mean operation time

Longer operation time is one of the most evident 
disadvantages of robot surgery. Surgical time required 
for setup, docking, and instrument exchanges counter the 
many benefits of the technology. Operation time with the 
robot is at least one hour greater than that of laparoscopic 
gastrectomy, making the procedure “less efficient”. Liu 
et al. (17) published an article in 2018 in which videos 
on laparoscopic and robotic gastrectomies were revised 
to determine the time consumed at each step of these 
procedures. In this study, the effective time of surgery was 

only 15.3 minutes longer in the robotic procedure than in 
the laparoscopic gastrectomy. The remaining excessive time 
in robotic procedures (described as “junk time”) attributed 
to setting up, docking, adjusting the surgical instruments, 
and instrument changes, produced an overall operation time 
of 56.8 minutes longer for robotic gastrectomy as compared 
to conventional laparoscopy. However, as demonstrated 
by Huang et al. (4), the docking time can be progressively 
reduced with experience.

Pancreatic fistula

Pancreatic fistula rates vary between reported retrospective 
and prospective studies. Factors associated with pancreatic 
fistula are related to the operative procedure, the stage of 
gastric cancer, and prior treatment with chemotherapy. 
Neoadjuvant chemotherapy has shown a statistically 
significant increased rate of pancreatic fistula when 
compared to surgery alone (14.7% vs. 3.3%; P=0.011), in 
a retrospective study by Kosaka et al. (27). In addition, a 
greater extent of lymphadenectomy (which may include 
bursectomy) and the addition of an associated procedure 
such as splenectomy or pancreatectomy has shown rates of 
30% of postoperative pancreatic fistula. 

In D2 lymphadenectomy together with a total or 
distal gastrectomy, the incidence of pancreatic fistula lies 
between 0% and 6% (28). Although pancreatic fistula is 
a rare complication of gastrectomy, its potentially serious 
consequences should not be underestimated. A meta-
analysis by Guerra et al. (29) showed a trend towards 
fewer pancreatic complications such as pancreatic fistula 
for robotic-assisted when compared to laparoscopic 
gastrectomy, although without statistical significance. In 
a retrospective study by Suda et al. (19), 88 robotic and 
438 laparoscopic radical gastrectomies were compared, 
and a decrease in local postoperative complications was 
reported in the robotic group, specifically a reduction in the 
incidence of pancreatic fistula from 4.3% to 0%. Moreover, 
morbidity and mortality of the laparoscopic group were 
11.4% and 0.2%, respectively, whereas those of the robotic 
group were 2.3% and 1.1%. This is the first study showing 
that non-use of the surgical robot was the most important 
factor related to the complications. 

Length of hospital stay

With the implementation of minimally invasive techniques, 
the goal was to achieve a faster recovery after surgery, with 
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reduced analgesic use and incision-related complications 
(wound infection/hernia/evisceration). Faster recovery leads 
to an earlier oral tolerance, reduced length of hospital stay, 
and faster return to normal activities. These results are the 
reason for the widespread implementation of minimally 
invasive surgery. 

Robotic surgery has already proven better outcomes in 
terms of lower analgesic consumption, faster recovery and 
shorter length of hospital stay in Urology and Gynecology, 
surgical fields in which the robot is already extensively 
implemented (30). In robotic gastrectomy for gastric 
cancer, studies show similar figures for both techniques and 
only the retrospective study by Suda et al. (19) has shown 
a reduction by 1 day of hospital stay favoring the robotic 
approach (although one patient in the laparoscopic group 
had a hospital stay of 136 days). Increased experience and 
applicability of the robot, and prospective randomized trials 
will hopefully bring more light as regards the advantages of 
this least invasive technique. 

Number of retrieved lymph nodes

Lymphatic drainage of the stomach was classified into 16 
lymph node stations by the Japanese Research Society for 
Gastric Cancer (JRSGC) in 1973 (31). Later, in 2011, the 
Japanese Gastric Cancer Association (JGCA) categorized 
anatomically and labelled numerically the lymph node 
stations. The extent of lymphadenectomy was stated to 
depend on the type of gastric resection. Therefore, for a 
total gastrectomy: D1 included lymph node levels 1 to 7, 
D1+ included D1 plus levels 8a, 9 and 11p, D2 included 
D1+ plus stations 10, 11d, 12a. For tumors invading the 
esophagus, D1+ includes level 110 and D2 levels 19, 20, 110 
and 111. For distal tumors, D1 are stations 1, 3, 4sb, 4d, 5, 6 
and 7; D1+ includes stations 8a and 9; D2 includes D1+ plus 
11p and 12a (Table 2). JGCA suggests D1 or D1+ for early 
gastric cancer not suitable for EMR with clinically negative 
lymph nodes, and D2 if suspicious nodes are present. 

This recommendation varies for the Western countries, as 
they are prone to encounter more advanced gastric cancers. 
In this context, guidelines advise a D2 lymphadenectomy for 
early gastric cancer not suitable for EMR (32). 

Some authors believe an extended lymphadenectomy 
results in better loco-regional control, leading to 
improvements in survival, whilst others believe it only 
increases the morbidity of the procedure. An ideal 
equilibrium between improved survival and decreased 
morbidity may be achieved once the learning curve for 
robotic surgery is reached. Cianchi et al. (16) have reported 
a greater number of retrieved lymph nodes for robotic 
than laparoscopic gastrectomy with statistical significance, 
without compromising the safety of the procedure. This 
proficiency is believed to be related to the enhanced endo-
wrist movements of the robot which allow for a meticulous 
and non-traumatic dissection (6,26). 

Oncological outcomes 

Oncological outcomes in terms of compromised margins, 
5-year survival, overall survival, and disease-free survival for 
robotic gastrectomy are reported to be at least comparable 
to those of laparoscopic gastrectomy (6,7,33). Obama  
et al. (18) published the largest single-center retrospective 
series analyzing overall-survival and relapse-free survival 
and found no differences between robotic and laparoscopic 
gastrectomy. However, results may be biased by patient 
selection, and randomized controlled trials are still awaited 
to better address these results. 

The future 

What awaits us in the future of surgical management of 
gastric malignancy? 

Endosonography and interventional endoscopy have 
evolved into the treatment of choice for early gastric cancer 
with tumors infiltrating no deeper than submucosa. This 

Table 2 Lymphadenectomy in gastrectomy for gastric cancer

Lymphadenectomy Lymph node levels included in 
total gastrectomy 

Lymph node levels included in distal 
gastrectomy

Lymph node levels included in 
tumors invading the esophagus

D1 1–7 1, 3, 4sb, 4d, 5, 6, 7 –

D1+ 1–7, 8a, 9, 11p 1, 3, 4sb, 4d, 5, 6, 7, 8a, 9 1–7, 8a, 9, 11p, 110

D2 1–7, 8a, 9, 11p, 10, 11d, 12a 1, 3, 4sb, 4d, 5, 6, 7, 8a, 9, 11p, 12a 1–7, 8a, 9, 11p, 10, 11d, 12a, 19, 
20, 110, 111
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became possible due to advances in EMR such as the 
insulated-tip electrosurgical knife, which enables an en-
bloc resection of the tumor without compromising its 
margins. Even so, laparoscopic intra-gastric resection has 
been implemented by some authors as a minimally invasive 
technique to treat certain lesions of early gastric cancer which 
are larger (>1.5 cm) and/or more difficult to access (in the 
fundus, posterior stomach wall or at the GE junction) (11).

The experience with the robot is expanding worldwide 
at a fast speed. Newer versions of the Da Vinci (Intuitive 
Surgical Inc., Sunnyvale, CA, USA), with improved 
operating tools, are constantly emerging to overcome 
even modest limitations of the apparatus. Instruments are 
progressively narrower, longer and offer increased rotation 
and movement capability. Stapling devices and vessel sealers 
are all becoming more efficient. Yet, studies comparing the 
existing robots are needed to better determine their surgical 
efficiency and limitations. 

The fusion of minimally invasive surgery and localized 
imaging seems promising. Indocyanine-green assisted 
intraoperative fluorescence has been described to guide 
tumor location, vessel perfusion and lymphatic drainage in 
many surgical fields. Image-guided surgery with anatomical 
reconstruction based on preoperative CT scan or MRI 
is widely advanced in Neurosurgery and Orthopedics. 
Although these devices have not been widely applied to 
gastric surgery, we believe that combined techniques are 
undoubtedly the future.

Discussion 

We are presently experiencing an era of accelerated 
technological advance with a subsequent boom in minimally 
invasive techniques. Meanwhile, although robotic surgery 
has shown non-inferior results in terms of perioperative 
outcomes, its high costs and increased operation time make 
it less appealing. 

Certain aspects about the available information on 
robotic gastrectomy need to be addressed. As discussed in 
this review, multiple studies suggest that robotic assisted 
gastrectomy is associated with decreased blood loss, 
decreased hospital stay, decreased complications (pancreatic 
fistula), and increased number of lymph nodes retrieved 
in the treatment of gastric malignancy (16,19,23). The 
improved visualization and precision of dissection of the 
robot could lead to a reduction in tissue trauma, which in 
turn decreases blood loss and local complications, and in 
turn reduces time of recovery and hospital stay. However, 

its costs and operation time continue to raise apprehension 
among surgeons and health systems. This pitfall may make 
the robot a less attractive approach for less complex and 
shorter procedures. 

On this matter, a great contribution was made by 
Alhossaini et al. in their review of 2017. Perioperative 
outcomes were analyzed for a group of surgeons, comparing 
their initial robotic gastrectomies to the procedures 
performed later, at a Korean center where more than 
1,000 performed robotic assisted gastrectomies have been 
performed. This study provided rich information as it 
showed that after an initial experience with the robot, better 
(and statistically significant) outcomes, such as decreased 
operative time and increased number of retrieved lymph 
nodes are obtained. This implies we are just witnessing the 
learning curve of robotic-assisted gastric surgery, and time 
is needed for surgeons and health care facilities to adapt to 
this contemporary device. With practice, set up and docking 
system times can be reduced, making operative times more 
comparable to laparoscopic gastrectomy. 

It is important to highlight that most articles on robotic 
gastrectomy involve Asian populations, who are known to 
have the highest incidence of gastric cancer in earlier stages 
and lower body mass indexes. Higher BMI is associated 
with a higher percentage of intra-abdominal fat that may 
impair optimal exposure of anatomical structures, even 
more in tumors of the gastroesophageal junction (11). We 
hope to find greater advantages in the use of the robot in 
these populations, given that a greater BMI and a greater 
tumor stage often translate to a more complex operation, 
and this can be overcome with the greater precision and 
visual magnification, reduced tremor, greater range of view 
and more grades of freedom offered by the robot. Hence, 
additional studies on western populations, who have higher 
BMI, more prevalence of cardia gastric cancer and more 
advanced gastric tumors are necessary. Most importantly, 
randomized trials demonstrating equivalent oncologic 
outcomes with the use of robotic assisted techniques for 
gastric cancer must be performed. 

The information hereby discussed suggests that even 
though research establishing the superiority of robotic 
assisted gastrectomy is lacking, the advantages of the 
procedure will likely translate to better outcomes for 
patients with gastric adenocarcinoma. Ultimately, as tools 
such as real-time tomographic and endoscopic imaging, 
near infrared imaging and anatomical mapping evolve into 
a hybrid surgical therapeutic modality, advantages of the 
robot will see no limits (6,9,34). 
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