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Abstract: With the extensive development of minimally invasive technology in gastric cancer surgery, Da Vinci robot-assisted
radical gastrectomy has also attracted increasing attention. The application of robotic technology in gastric cancer surgery can
not only complete the endoscopic reconstruction of digestive tract, but also has the advantages of less intraoperative bleeding
and more thorough lymph node dissection. However, the new technology cannot avoid complications and technical difficulties.
The incidence of complications related to robotic gastric cancer surgery is one of the effective indicators to evaluate its safety
and feasibility. Common complications of robotic radical gastrectomy mainly include abdominal hemorrhage, abdominal
infection, anastomotic complications, postoperative ileus, duodenal stump fistula, pancreatic fistula and pancreatitis,
pneumoperitoneal-related complications, and complications related to trocar puncture and auxiliary incision. Strict adherence
to the indications for robotic radical gastrectomy and careful operation by surgeons with extensive experience in robotic
operation do not increase the incidence of complications and conversion to laparotomy. The purpose of this paper is to
summarize and analyze the common complications found in the clinical practice of Da Vinci robot-assisted radical gastrectomy,
and summarize the current effective measures for the prevention and treatment of such complications, so as to provide
references for clinical work.
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Since Hashizume et al [1] first applied robotic
surgical systems to gastric cancer treatment in 2002, the Da
Vinci robot-assisted system has demonstrated unique value
in radical gastrectomy due to its technical advantages
including  three-dimensional  visualization, flexible
articulating arms, and tremor filtration. Compared with
conventional laparoscopy, robotic radical gastrectomy can
significantly improve lymph node dissection rates,
particularly for lymph nodes in complex anatomical
locations such as the distal splenic artery lymph nodes
(No.11d) and celiac trunk lymph nodes (No.9). It relatively
reduces intraoperative blood loss, decreases the incidence
of complications such as pancreatic fistula, and lowers the
risk of anastomotic leakage through precise suturing during
digestive tract reconstruction [2-4]. Compared with
conventional laparoscopic gastrectomy, robotic radical

gastrectomy combined with enhanced recovery after
surgery (ERAS) management demonstrates greater
advantages in shortening the time to postoperative
ambulation, duration of postoperative pain, time to catheter
removal, time to first flatus, and time to liquid diet intake
[5-6]. However, as an emerging technology dependent on
mechanical arm operation, its complication spectrum
shares commonalities with conventional laparoscopic
surgery while also presenting unique characteristics due to
differences in operative modalities. This article, based on
the latest domestic and international research,
systematically elucidates the pathogenesis, prevention
strategies, and management approaches of common
complications from the perspective of robotic surgical
technical characteristics, providing reference for clinical
practice.
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1 Current Status of Complications in Robotic
Radical Gastrectomy

1.1 Classification and Specificity of Complications in
Robotic Radical Gastrectomy

Complications of robotic radical gastrectomy can be
broadly categorized into common complications and
specific complications. Common complications refer to
those with mechanisms similar to conventional
laparoscopic surgery cases since the advent of minimally
invasive techniques, such as intraperitoneal hemorrhage,
anastomotic leakage, and duodenal stump leakage, though
actual incidence rates may differ due to variations in
surgical precision. Specific complications include tissue
crush injuries caused by robotic arm manipulation,
collateral damage resulting from blind spots in the camera
field of view, and technical complications associated with
the coordinated operation of the pneumoperitoneum system
and robotic arms, such as trocar displacement and robotic
arm collision.

The impact of robotic radical gastrectomy on
postoperative complication rates remains controversial.
Some meta-analyses have demonstrated that robotic and
laparoscopic radical gastrectomy have comparable
complication rates (12.75% vs 13.62%) [2]. Another
multicenter prospective comparative study showed that
among 152 patients undergoing robotic radical gastrectomy
and 1,020 patients undergoing laparoscopic radical
gastrectomy, the incidence of >Clavien-Dindo grade III
postoperative complications was 1.3% (2/152) in the
robotic group vs 7.1% (72/1,020) in the laparoscopic group,
suggesting that robotic surgery offers certain advantages in
reducing severe complication rates [7]. The study by Feng
et al [8] similarly validated the reliability of this
conclusion.

1.2 Core Differences Between Robotic Radical
Gastrectomy and Conventional Laparoscopic Surgery

The technical advantages of robotic surgery generally
affect occurrence of complication through three
mechanisms. (1) Three-dimensional visualization: provide
a clear surgical field with 10-15% magnification, enhancing
the identification of fine anatomical structures such as the
left gastric artery and splenic artery, thereby reducing
vascular injury; (2) Multi-degree-of-freedom robotic arms:
enable complex maneuvers such as rotation, grasping, and
suturing in confined spaces (e.g. the superior pancreatic
margin and pericardial region), reducing tissue traction
tension; (3) Precise energy control: coordinate use of
bipolar electrocoagulation and ultrasonic scalpel reduces
thermal conduction injury to the pancreas and duodenum,
lowering the risk of pancreatic fistula and intestinal fistula
[2]. Based on multiple research findings, current
conclusions regarding complication rates between robotic

and laparoscopic radical gastrectomy remain inconsistent,
which may be related to various factors including sample
size, disease staging, and surgeon proficiency across
studies.

2  Management Strategies for Common
Complications in Robotic Radical Gastrectomy

This article primarily summarizes the most common
and specific surgical complications in robotic radical
gastrectomy, including intraperitoneal hemorrhage,
anastomotic complications, duodenal stump leakage,
pancreatic-related complications, and pneumoperitoneum
and robotic arm-related complications, aiming to provide
references for the prevention and management of surgical
complications.

2.1 Intraperitoneal Hemorrhage

2.1.1 Intraoperative Intraperitoneal Hemorrhage

In actual clinical practice and research, intraoperative
intraperitoneal hemorrhage is typically defined as the
occurrence of obvious, visible, and persistent blood
seepage or gushing within the abdominal cavity during
surgery, reaching a level requiring additional hemostatic
measures (such as using titanium clips or vascular clips for
clamping, or employing high-power electrosurgical knives
or ultrasonic scalpels for hemostasis). The median
intraoperative blood loss in robotic radical gastrectomy is
approximately 98.77 mL [9], with causes primarily
attributed to unclear anatomical layers leading to injury of
the right gastroepiploic artery, right gastric artery,
gastroduodenal artery, left gastric vein, splenic artery, left
gastroepiploic artery and vein, short gastric veins, and
perigastric parenchymal organs [2]. Particularly, excessive
traction on the vascular sheath causing injury to the left
gastric artery trunk, improper robotic arm manipulation
angle during No.11d lymph node dissection leading to
splenic artery laceration, incomplete closure by cutting
staplers or tissue clip detachment resulting in
gastroduodenal artery stump hemorrhage are high-risk
factors for intraperitoneal hemorrhage [10], most likely to
occur during the early phase of the robotic learning curve.

The Da Vinci robot-assisted system has specific
preventive measures for intraoperative hemorrhage. First,
the flexibility of the robotic arm "wrist" can be utilized to
employ the ‘'"vertical-axis dissection technique" for
separating perivascular adipose lymphatic tissue, avoiding
transverse traction, Second, for vessels with diameter >3
mm, vascular clips should be preferentially used for
clamping rather than relying solely on energy device
coagulation. Furthermore, maintaining the camera at a
distance of 15-20 cm from the operative area to ensure
precise localization of bleeding points is also an effective
approach [11].

When intraoperative hemorrhage cannot be avoided,
the corresponding management protocol can be classified
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according to specific circumstances. (1) For small vessel
bleeding, bipolar electrocoagulation can be used for precise
coagulation (power setting at 40-50 W to avoid expansion
of thermal injury); (2) For medium-sized vessel bleeding,
the robotic arm can be used to hold disposable tissue
closure clips (Hem-o-lok) for clamping, or conversion to
laparoscopic titanium clip application may yield better
results; (3) For massive hemorrhage, pneumoperitoneum
pressure should be immediately reduced to 8 mmHg, and
after compressing the bleeding point, evaluation for
conversion to laparotomy should be performed. The
conversion rate to laparotomy in robotic surgery is
approximately 1.2%-3.5%, primarily related to vascular

injury [12].

2.1.2 Postoperative Intraperitoneal Hemorrhage

Postoperative intraperitoneal hemorrhage refers to the
phenomenon of internal bleeding caused by rupture of
intraperitoneal vessels or oozing from surgical wounds
after surgery [13-14]. The incidence of postoperative
intraperitoneal ~ hemorrhage  after robotic  radical
gastrectomy is 1%-4% and can be classified into early
hemorrhage and delayed hemorrhage [15]. Generally,
hemorrhage occurring within 24 hours postoperatively is
termed early hemorrhage, encompassing anastomotic
bleeding and remnant stomach bleeding, mostly caused by
ineffective control of bleeding points during surgery.
Postoperative intraperitoneal hemorrhage typically presents
in two forms: intraperitoneal hemorrhage and
gastrointestinal hemorrhage.

Early postoperative hemorrhage is mostly caused by
incomplete intraoperative hemostasis or insecure vascular
clamping, and can also result from inadvertent inclusion of
mesentery or epiploic appendages during anastomosis, with
postoperative  blood pressure elevation  triggering
hemorrhage. Anastomotic or remnant stomach stump
bleeding may present as gastrointestinal hemorrhage
(hematemesis, melena) or intraperitoneal hemorrhage
(bloody drainage fluid). Therefore, close postoperative
monitoring of vital signs and hemoglobin changes is
essential, and if abnormal fluctuations are detected, timely
evaluation and management should be initiated. Meanwhile,
reasonable use of hemostatic and acid-suppressive
medications is important; prophylactic application of
intravenous hemostatic agents in the early postoperative
period can enhance coagulation function; use of
acid-suppressive medications, such as proton pump
inhibitors, can reduce gastric acid secretion and decrease
gastric acid stimulation of the anastomosis and remnant
stomach stump, helping to prevent hemorrhage [16].
Additionally, maintaining drainage tube patency is also
crucial. If conservative treatment is ineffective or
hemodynamic instability occurs, prompt gastroscopic
examination with direct visualization for hemostasis should
be performed [17].

Delayed hemorrhage is often caused by rupture and
bleeding of intraperitoneal vessels, including the splenic

artery, common hepatic artery, gastroduodenal artery and
their branches, and can also occur in the transverse colonic
mesentery and mesenteric vessels of the anastomosed
intestinal segment. The primary cause is the formation of
pseudoaneurysm rupture due to vascular sheath thermal
injury caused by surgical electrosurgical instruments,
followed by rupture and hemorrhage. Typical
manifestations include sudden increase in peritoneal
drainage fluid or poor drainage, accompanied by
palpitations, irritability, abdominal pain, and blood pressure
decrease; severe cases may present with shock. For
pseudoaneurysm hemorrhage, interventional treatment can
be performed after stabilization with conservative therapy
[18]. If the hemorrhage volume is large with rapid disease
progression, hemorrhagic shock may occur within a short
period, and decisive secondary surgery should be
undertaken [15].

2.2 Anastomotic Complications

Anastomotic complications, in addition to the
aforementioned anastomosis-related hemorrhage, also
include anastomotic leakage and anastomotic stenosis, with
an incidence rate of 0.4%-4.0% [19-20].

During robotic surgery, when performing suturing
under the microscope, the robotic arms can accomplish
operations that are difficult to achieve with conventional
laparoscopy, such as "vertical needle insertion" and
"reverse knot tying," which are particularly suitable for
esophagojejunostomy (such as the Overlap technique);
with the aid of indocyanine green fluorescence
angiography for real-time assessment of anastomotic blood
flow, the risk of anastomotic leakage due to postoperative
ischemia can also be reduced [21]. Most anastomotic
leakages are minor leaks that generally respond to
conservative treatment. For severe anastomotic leakage
complicated by intra-abdominal abscess, ultrasound or
CT-guided puncture drainage should be performed, with
the option of placing a nasojejunal tube for enteral
nutritional support. Ensuring adequate blood supply and
tension-free anastomosis is key to preventing anastomotic
leakage; if treatment outcomes are unsatisfactory,
reoperation may be considered [11].

Patients with anastomotic stenosis often present with
systemic nutritional impairment and remnant stomach
dilation and edema. The etiology may include excessively
short proximal jejunum during gastrojejunostomy, causing
upward traction and angulation of the Braun anastomosis,
resulting in anastomotic obstruction [21]. In robotic radical
gastrectomy, the "precise cutting" achieved by robotic arm
manipulation may lead to excessively regular anastomotic
margins, with symmetrical granulation tissue hyperplasia
during the healing process, forming circumferential
stenosis [20]. A stepped approach is advocated: first,
gastrointestinal decompression and isotonic  saline
irrigation, followed by endoscopic placement of a jejunal
nutrition tube through the stenotic anastomosis to provide
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enteral nutritional support, and finally, endoscopic balloon
dilatation. For refractory stenosis, stent placement may be
considered, generally with a fully covered self-expanding
stent for approximately 4-6 weeks [22]; only a very small
number of patients with anastomotic stenosis require repeat
digestive tract reconstruction surgery.

2.3 Duodenal Stump Leakage

Duodenal stump leakage is one of the serious
complications following robotic radical gastrectomy, with
literature reporting an incidence of 0.37%-1.8% [23-24].
The most common cause of this complication is
obstruction of the afferent or efferent jejunal loop, though it
may also result from inadvertent injury to the intestinal
wall by the ultrasonic scalpel during dissection of the
duodenal bulb, or from excessive tension when applying
the cutting stapler to close the duodenal stump. This may
erode surrounding tissues and vessels, causing
intraperitoneal hemorrhage or intra-abdominal abscess, and
in severe cases, may lead to serious consequences such as
multiple organ failure [15].

When duodenal stump leakage occurs, most cases can
be managed conservatively through peritoneal drainage,
parenteral nutrition, and administration of somatostatin.
Surgical intervention is considered only when the
aforementioned measures are ineffective or when
complicated by other conditions (such as intraperitoneal
hemorrhage) [25-26]. Additionally, there have been reports
of endoscopic clipping for duodenal stump leakage;
however, its clinical indications are strict, and its reliability
and safety require further clinical validation [27].

2.4 Pancreatic Fistula and Pancreatitis

The direct causes of pancreatic fistula and pancreatitis
are intraoperative pancreatic injury, specifically including:
compression by surgical clamps, thermal conduction from
ultrasonic scalpels, and excessive friction of the pancreatic
capsule by robotic arms during dissection of lymphatic
tissue adjacent to the distal splenic artery [28]. To better
prevent such complications, surgeons adopt the "no-touch
principle" when dissecting the superior pancreatic margin,
with robotic arms grasping adipose tissue surrounding
lymph nodes rather than directly tractioning the pancreas;
for vessels in the pancreatic tail region, preferential use of
the LigaSure vessel sealing system to reduce the extent of
thermal injury are effective measures for preventing
pancreatic injury [29].

Although the incidence of pancreatic fistula is low, the
consequences are serious, easily leading to secondary
intra-abdominal infection, abscess, and even fatal massive
hemorrhage, requiring high vigilance. Once it occurs,
patency of the abdominal double-lumen tube irrigation
should be ensured, and medications to inhibit pancreatic
secretion should be administered, with surgical intervention
when necessary [30].

2.5 Postoperative Ileus (POI)

POI is a common early complication following
abdominal surgery, and its occurrence is related to
gastrointestinal hormone disturbances, inflammatory
responses, and autonomic nervous system dysfunction
caused by surgical stress, which subsequently reduces
intestinal peristalsis, with clinical manifestations including
abdominal pain, abdominal distension, nausea, and
vomiting [31]. Additionally, the use of certain analgesic
medications, particularly opioid analgesics, is also
considered to be associated with slowed postoperative
intestinal peristalsis [32].

In response to the aforementioned causes, effective
methods for preventing POI include adequate preoperative
gastrointestinal preparation, meticulous and gentle
intraoperative manipulation, thorough hemostasis with
minimal trauma; encouraging early postoperative
mobilization and oral intake; and employing postoperative
multimodal analgesia to reduce opioid dosage while
ensuring analgesic efficacy, thereby lowering the risk of
POI [15].

Most cases of postoperative POI show significant
improvement after conservative treatment including
continuous gastrointestinal decompression, fasting, enema
administration, enhanced parenteral nutrition, and
administration of digestive enzymes. The use of certain
anti-inflammatory medications has also been confirmed to
be beneficial in alleviating POI [33], though their specific
mechanisms of action require further investigation. For

patients with progressively worsening strangulating
abdominal pain and recurrent adhesive intestinal
obstruction, active surgical exploration should be

undertaken to prevent delay in treatment.
2.6 Lymphatic Leakage

Due to the primary use of ultrasonic scalpels for
anatomical dissection in robotic radical gastrectomy, the
incidence of postoperative lymphatic leakage is relatively
low. However, vigilance during the surgical procedure
remains essential, as the primary cause of lymphatic
leakage is neglecting the management of lymphatic duct
stumps during lymph node dissection for gastric cancer.
During robotic radical gastrectomy, surgeons should
leverage the advantages of the robotic camera and
instrumentation to perform more thorough lymph node
dissection [34]. After completing lymph node dissection
and achieving hemostasis of the surgical field, careful
inspection for milky lymphatic fluid exudation should be
performed, with coagulation or suture ligation applied to
suspicious areas, and measures such as extending
coagulation time during dissection around the celiac trunk
and near the midline of the trunk should be implemented to
reduce lymphatic leakage occurrence [35]. Postoperative
proper drainage is highly beneficial for preventing
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lymphatic leakage. Once lymphatic leakage occurs,
generally speaking, it can be cured in most cases by
ensuring the abdominal drainage tube remains patent while
maintaining the body's water-electrolyte and nutritional
balance.

2.7 Pneumoperitoneum and Robotic Arm-Related
Complications

2.7.1 Pneumoperitoneum-Related Complications

Hypercapnia, subcutaneous emphysema, and gas
embolism are common pneumoperitoneum-related
complications in robotic gastric cancer surgery. For
preventive purposes, pneumoperitoneum pressure should
be continuously monitored intraoperatively, typically
maintained at 10-15 mmHg (1 mmHg=0.133 kPa) to
minimize the carbon dioxide pressure gradient between the
peritoneal cavity and blood [30]. Additionally, operative
time should be minimized as much as possible; in the field
of robotic gastric cancer surgery, achieving this requires
excellent instrument preparation and high surgeon
proficiency.

Studies have demonstrated that gasless laparoscopic
radical gastrectomy, utilizing a suspension device, can
partially replace conventional pneumoperitoneum and
expand the indications for laparoscopic surgery [36]. It
may be worth considering whether this technique can be
combined with robotic technology to create a new
approach of robotic gasless radical gastrectomy, thereby
avoiding pneumoperitoneum-related complications.

2.7.2 Robotic Arm-Induced Iatrogenic Injury

Robotic surgery carries the risk of iatrogenic injury
due to the operational characteristics of robotic arms, with
primary causes including inadequate surgical technique
proficiency, equipment malfunction, and limited surgical
field visualization. Prevention of robotic arm-induced
iatrogenic injury requires a multidimensional approach
spanning  preoperative and intraoperative  phases.
Preoperatively, surgeon training should be strengthened,
and patient conditions should be rigorously evaluated to
develop personalized surgical plans; comprehensive
inspection of robotic arm and instrument performance
should be performed with preset emergency stop
mechanisms to address unexpected malfunctions.
Intraoperatively, operative workflow should be optimized,
for example, by adopting the "W-shaped" five-port trocar
configuration to reduce instrument collision, rational use of
the third arm for assisted exposure to enhance surgical field
clarity; establishing "safe operative zones" with robotic
arm activity maintained at distances greater than 2 cm from
intestinal tract and major vessels; utilizing pressure-sensing
robotic arms (such as the da Vinci Xi system) for real-time
feedback on tissue tension [37].

Once injury occurs, targeted measures should be
implemented according to type and severity. For vascular
injury, hemostasis can be achieved through

electrocoagulation, suturing, or vascular clips; for organ
perforation (such as stomach or intestine), timely repair or
resection of the damaged area is required. Complex injuries
(such as pancreatic fistula or duodenal stump leakage)
require  multidisciplinary ~ collaboration,  combining
interventional therapy or secondary surgical repair.

2.8 Trocar Puncture and Auxiliary Incision-Related
Complications

Common complications include trocar injury to
abdominal wall arteries, uncontrolled puncture leading to
retroperitoneal vessel rupture and hemorrhage or intestinal
injury [30], which are complications specific to
laparoscopic surgery. Accurate preoperative assessment of
patient conditions, selection of appropriate puncture sites
and proper puncture methods (trocar, Veress needle, or
direct incision, etc.) are all reasonable approaches to reduce
the occurrence of such complications.

The prevention and management methods for
common complications in robotic gastric cancer surgery
are generally as described above. Additionally, Li
Zhengyan et al. [12] found that surgeon experience of <30
cases is an independent risk factor for severe complications
and local complications. Therefore, during the learning
curve phase of robotic surgery, accumulation of surgeon
experience and appropriate selection of robotic surgery
indications are also important measures for preventing
iatrogenic injury.
of Robotic

3  Future Radical

Gastrectomy

Prospects

The application of robotic gastric cancer surgery is
increasingly  widespread. To  standardize  surgical
procedures and evaluate therapeutic outcomes, there is an
urgent need to conduct prospective, multi-center,
large-sample randomized controlled studies. The author
proposes the following prospects for its development: (1)
the new generation Da Vinci robot-assisted system (5th
generation) introduces force feedback technology, which
can enhance surgical precision and reduce the risk of tissue
injury; (2) integrate with artificial intelligence technology
to refine the robotic application system, enhance system
stability, and reduce failure rates and surgical risks; (3)
promote the research and development of domestic surgical
robots, leading technological innovation and improving
accessibility  through  technological  independence,
intelligentization, and grassroots-level dissemination; (4)
leverage 5G communication technology to realize robotic
telesurgery, reducing latency, improving safety, optimizing
healthcare resource distribution, and alleviating patient
burden.

In conclusion, although robotic gastric cancer surgery
still has limitations such as relatively high maintenance
costs and constraints in operative space and time, it has
overcome numerous deficiencies of conventional
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laparoscopic technology, demonstrating clear advantages
over traditional laparoscopy, with unique merits in
controlling postoperative complication rates, leading the
developmental trends of future minimally invasive surgery.
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Prevention and management of complications in robotic radical gastrectomy
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Abstract: With the extensive development of minimally invasive technology in gastric cancer surgery, Da Vinci robot-
assisted radical gastrectomy has also attracted increasing attention. The application of robotic technology in gastric
cancer surgery can not only complete the endoscopic reconstruction of digestive tract, but also has the advantages of less
intraoperative bleeding and more thorough lymph node dissection. However, the new technology cannot avoid
complications and technical difficulties. The incidence of complications related to robotic gastric cancer surgery is one of
the effective indicators to evaluate its safety and feasibility. Common complications of robotic radical gastrectomy mainly
include abdominal hemorrhage, abdominal infection, anastomotic complications, postoperative ileus, duodenal stump
fistula, pancreatic fistula and pancreatitis, pneumoperitoneal-related complications, and complications related to trocar

puncture and auxiliary incision. Strict adherence to the indications for robotic radical gastrectomy and careful operation
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by surgeons with extensive experience in robotic operation do not increase the incidence of complications and conversion

to laparotomy. The purpose of this paper is to summarize and analyze the common complications found in the clinical

practice of Da Vinci robot-assisted radical gastrectomy, and summarize the current effective measures for the prevention

and treatment of such complications, so as to provide references for clinical work.

Keywords: Da Vinci robot; Radical gastrectomy; Surgical complications; Pneumoperitoneum; Abdominal bleeding;

Pancreatic fistula; Lymphatic leakage ; latrogenic injury
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