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Abstract

Following laparoscopic gastrectomy (LG), one of the critical complications that
can arise is a pancreatic fistula (PF). The inability to promptly prevent, diagnose,
and manage this condition can lead to severe complications and potentially be
life-threatening for the patient. The incidence of PF post-LG in gastric cancer
treatment is related to factors such as surgical approach, surgical instruments,
characteristics of the pancreas itself, tumor stage, and the surgeon’s experience.
Currently, the diagnosis of postoperative PF is mainly based on the definition and
diagnostic criteria consensus established by the International Study Group of
Pancreatic Surgery. Gastrointestinal surgeons should be aware of the risk factors
for PF, perform LG for gastric cancer with great care and precision, avoid pan-
creatic injury, and actively work to reduce the risk of postoperative PF.

Key Words: Gastric cancer; Laparoscopic surgery; Pancreatic fistula; Risk factors; Preven-
tion

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Pancreatic fistula after laparoscopic gastrectomy can lead to serious complic-
ations and even endanger the patient’s life. Therefore, it is of great significance to detail
the risk factors connected to the onset of postoperative pancreatic fistula and to actively
prevent it in order to accelerate postoperative recovery of patients and promote clinical
work.
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INTRODUCTION

In recent years, with the continuous development of scientific technology, the surgical system has been significantly
improved, and laparoscopic gastrectomy (LG) is the commonly accepted surgical practice for gastric cancer (GC)
treatment. Compared with open gastrectomy (OG), LG has reduced the incidence of common complications such as
bleeding and wound infection, but the prevalence of postoperative pancreatic fistula (POPF) has been climbing][1].

Pancreatic fistula (PF) refers to a condition where pancreatic fluid leaks into the abdominal cavity from the pancreatic
duct, pancreatic-intestinal /stomach anastomosis, or pancreatic parenchyma. POPF involves an atypical communication
between the pancreatic ductal lining and another epithelial surface, with the output of pancreatic enzyme-rich fluid[2].
POPF following gastrointestinal surgery involves the leakage of pancreatic fluid resulting from damage to the pancreatic
tissue, which differs fundamentally from leakage occurring at the pancreatic-intestinal junction after a pancreatic
resection. In 2005, an international study group introduced the definition of POPF[2] as the drainage of any measurable
volume of fluid through drains (whether surgically or percutaneously placed) starting from the 3 day after surgery, if
the amylase content of the fluid exceeds three times the normal upper limit of serum amylase levels.

The incidence of PF was reported to be 2.2% after LG[3], whereas it was 1.0% after OG (P = 0.04). National clinical
database records from Japan show that LG tends to result in more PFs compared to OG[4]. Compared to OG, LG shows a
higher incidence of PF, as reported by a recent meta-analysis (risk ratio = 2.44; 95% confidence interval: 1.08-5.50)[5]. The
rate of POPF was 11.8% when using the pancreas compression technique in LG, while it was 2.2% when using the
pancreas compressionless (PCL) technique[6]. A multicenter prospective study showed that PF occurred in 20.7% of
patients after laparoscopic radical gastrectomy (sample size n = 2089)[7]. Therefore, the rate of PF development post-LG
for GC remains significant. Pratt et al[8] found that as PFs advance from grade A to grade C, there is a corresponding rise
in total hospitalization costs, length of hospital stay, duration of intensive care unit care, and overall resource use. The
presence of a PF significantly affects patient recovery and prognosis, requiring heightened vigilance from surgeons.

The occurrence of POPF after LG for GC is not only related to the surgical approach but also to factors such as surgical
instruments, characteristics of the pancreas itself, tumor location, tumor stage, and the surgeon’s proficiency. Pancreatic
fluid leakage due to a PF after LG can initiate a series of escalating and severe complications. Consequently, identifying
and mitigating the risk factors for POPF is essential for accelerating patient recovery after surgery and improving clinical
outcomes. This study provided an in-depth analysis of the risk factors and prevention of PF following GC surgery. It
reviewed and synthesized earlier research, outlined the limitations of those studies, and presented clinical recommend-
ations for preventing PF after LG.

RISK FACTORS FOR PF

Anatomy and texture of the pancreas

The individual anatomical features of the pancreas may vary slightly, but the presence of specific structural anomalies
greatly affects the risk of POPF following laparoscopic GC surgery. Several retrospective studies[9-13] have used pre-
operative computed tomography (CT) measurements to determine the potential for POPF in laparoscopic gastric
resection. These metrics include the length from the pancreatic surface to the hepatic artery root, the maximum vertical
distance from the upper edge of the pancreas to the left gastric artery root, the maximum vertical length from the
pancreatic surface to the aorta, the angle between the line from the upper edge of the pancreas to the celiac artery and the
aorta root, and the degree of anterior protrusion of the pancreatic head.

The anatomical structure of the pancreas was identified as an independent factor in predicting PF and/or postope-
rative complications according to these studies. In addition, Hayashi ef al[14] discovered that measuring the pancreatic
thickness at the anterior ventral segment of the splenic artery arch can serve as a specific predictor for the risk of POPF
and intra-abdominal infections in individuals who have had LG. The above studies indicate that it is very important to
identify the anatomical position and/or specific anatomical features of the pancreas using preoperative CT images to
prevent the occurrence of POPF in laparoscopic GC surgery.

POPF is more likely to occur in a softer pancreas rather than a pancreas that has already undergone fibrosis. Yeo et al
[15] identified that the incidence of PF in patients with a harder pancreatic texture was 0%, while it increased to 25% in
subjects with a softer pancreatic texture. Miedema et al[16] and Yang et al[17] also confirmed these findings. Regarding
pancreatic fibrosis, Gaujoux et al[18] uncovered that the absence of pancreatic fibrosis is a risk factor for POPF. Later, Lee
et al[19] induced local fibrosis in the pancreatic section in a rat model and found that pancreatic fibrosis was increased by
ethanol and octreotide injection into the pancreatic parenchyma. Unlike octreotide, ethanol causes local fibrosis.
Therefore, it is expected that ethanol injection can eliminate PF after pancreatic surgery, but there is limited research in
this area. Furthermore, fewer discussions have been made about pancreatic fibrosis, and the author argued that it was
necessary to develop further analyses to explore these elements.
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There is no dedicated research indicating that pancreatic fat infiltration directly causes PFs, but the added softness of
the pancreatic tissue due to fat infiltration might contribute to the risk of developing fistulas. Mathur et al[20] observed
that patients with post-surgical PFs were more likely to exhibit elevated pancreatic fat levels. Their study revealed a
significant negative relationship between fat content and fibrosis (P < 0.001), implying that greater fat content correlates
with a softer pancreas and less fibrosis. Evidence from several studies[18,21-23] suggests that pancreatic fat infiltration is
related to the development of POPF. To assess pancreatic fat infiltration, researchers recommend employing CT imaging
and carrying out necessary lymph node dissection to lower the chances of POPF[22,24]. By utilizing these predictive
factors, surgeons can identify patients at high risk for developing PFs post-surgery earlier, thereby helping to lower the
incidence of POPF and implement preventive strategies.

Analyses have investigated the risk factors for PF after LG, with a focus on the anatomy and texture of the pancreas.
These studies indicate that certain anatomical features and pancreatic texture are independent predictors of POPF. Thus,
before conducting surgical procedures, gastroenterologists assess the pancreas through CT scans. This procedure is an
uncomplicated and trustworthy way to predict the occurrence of PF after LG. Achieving expertise in the structure of the
abdomen, precisely detaching the pancreas from nearby structures, and safeguarding the pancreas from unintentional
harm during surgery could prevent PFs. Surgeons should refrain from performing extensive lymph node dissection
during pancreatic lymph node clearance to avoid complications like PF following LG for GC.

Patient's physical condition
Being obese is correlated with the onset of several diseases and increases the risk of PF after LG for GC. Multiple studies
have identified that male patients, high body mass index, elevated triglycerides, and increased visceral fat area are risk
factors for PF following gastrectomy surgery[1,12,25,26]. Male patients with a high body mass index, in particular, should
be wary of LG. In patients with obesity, the unclear demarcation between the pancreas and surrounding adipose tissue
makes lymph node dissection during surgery more difficult and increases the likelihood of pancreatic injury and PF.
Martiniuc et al[27] also examined the incidence and risk factors for PF post-D1 +/D2 gastrectomy among Eastern
European patients. Their research identified cardiovascular complications as the sole independent predictor of POPF
formation (P = 0.024). Thus, physicians should consider chronic comorbidities as significant factors in disease prevention
and treatment.

Tumor location and tumor staging of GC

The location of the GC tumor impacts the risk of developing POPF. This is due to the possibility of suturing or resecting
the pancreatic-gastric duct during a gastrectomy, which may cause the pancreatic duct to rupture or experience a sudden
pressure spike, causing pancreatic fluid to leak into the surgical wound and form a PF. Tumors positioned on the back
wall of the stomach or at the pylorus are more likely to interfere with the pancreatic duct and bile duct, owing to the
anatomy of the stomach and its close connection to the pancreas, thereby increasing the risk of pancreatic injury and fluid
leakage. In 2021, however, Martiniuc ef al[27] concluded that the location of GC tumors (upper, middle, lower third of the
stomach, P = 0.608) has no effect on the formation of POPF, which supports previous research outcomes[25,28]. The
author maintains that the association between the location of GC tumors and POPF needs further examination.

In addition, the location of the tumor determines the type of surgery surgeons may perform, which includes laparo-
scopic total gastrectomy, laparoscopic proximal gastrectomy, and laparoscopic distal gastrectomy. The incidence of POPF
may vary depending on the surgical approach. Katai et al[29] were the pioneers in conducting a prospective study to
assess the safety of proximal or total gastrectomy for clinical stage I GC. The study reported a 2% incidence of POPF. Two
comparable studies[30,31] reported POPF rates of 12.0% for laparoscopic total gastrectomy and 3.4% for laparoscopic
distal gastrectomy in advanced GC. A different study demonstrated that POPF occurs more frequently in patients who
have had a total gastrectomy[32]. The higher incidence of POPF in total gastrectomy compared to distal gastrectomy
might be due to pancreatic injury caused by the procedure, particularly when combined with lymph node dissection.

Moreover, advanced GC patients face a significant risk of developing low-grade PF, as lymph node dissection is
essential during surgery, particularly in the upper pancreatic area. The intricate surgical techniques involved, including
pancreatic compression and exposure of the portal and splenic veins, are anticipated to elevate the chances of intra-
abdominal bleeding, fluid buildup, and PF[33]. Research by Martiniuc et al[27] showed that there is no link between the T
staging of GC tumors and the occurrence of POPF, in line with earlier evidence[28,34]. On the flip side, research con-
ducted by Katai et al[35] in Japan and Yu et al[32] has indicated that the incidence of POPF correlates with clinical T
staging, evidenced by P values of 0.007 and < 0.001. This correlation suggests a higher incidence of POPF with advanced
T stages. More exploration is warranted to delve into this issue.

In the final analysis, radical surgery remains the cornerstone of therapy for advanced GC[36]. A study[32] showed that
the occurrence of POPF in patients with advanced GC is greater than that in those with early-stage disease (6.5% vs 1.1%).
In the JLSSG0901 trial conducted in Japan[30], the incidence of POPF after LG treatment for advanced GC was 3.4%. The
CLASS01 trial conducted in China[36] and the KLASS02 trial conducted in Korea[33] reported POPF incidences of 0.4% vs
0.0% and 1.9% vs 0.6%, respectively, following LG and OG treatments for advanced GC. Moreover, a review of past cases
found that the overall rate of POPF after totally laparoscopic total gastrectomy for advanced GC patients was 13.0%[31].
The higher incidence of POPF in advanced GC, as compared to early GC, is related to the necessity for a more extensive
lymph node dissection. Hence, surgeons are advised to proceed with increased caution when conducting surgery on
patients with advanced GC.

Factors related to surgical injuries
Following the initial description of LG by Kitano et al[37] in 1994, its application in treating GC has become widespread,
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particularly for early GC. Laparoscopy delivers sharp and magnified visuals, allowing for careful lymph node dissection,
especially in the regions of the lower pylorus and the upper pancreas[6]. Even though standard radical gastrectomy
avoids direct surgical contact with the pancreas, lymph node dissection in the upper pancreatic area is intimately
connected to it. Multiple studies have demonstrated that PF occurs more frequently after LG than after OG[3,9,38]. This
increased incidence is attributed to the constraints of laparoscopic instruments and the presence of blind spots during
surgery. The anatomy around the pancreas is intricate, and the precise removal of lymph nodes in the upper area
necessitates advanced skills, which can easily result in pancreatic injury and the formation of a PF.

In LG, clamping the gauze or sponges are needed to compress the pancreas, which can cause blunt pancreatic injury.
When performing lymph node dissection in the upper region of the pancreas, the pancreas is frequently and continuously
compressed to maintain a clear view of the surgical field, considering its anatomical location. In 2017, Tsujiura et al[6]
performed a PCL gastrectomy in which the assistant controlled the position of the pancreas by pulling the mesentery
below the pancreas or the nerves around the aorta above the pancreas. The PCL technique, as opposed to the pancreas
compression technique, in laparoscopic radical gastrectomy for GC markedly reduces the amylase concentration in
drainage fluid on postoperative days 1 and 3 (P < 0.001 and P < 0.013, respectively) and decreases the incidence of severe
PF (Figure 1A and 1B). This study delivers the first proof of the correlation between pancreatic compression and non-
compression and amylase levels in postoperative drainage fluid, unveiling the potential mechanism of pancreatic injury.

Subsequently, a study using a large animal model[39] and a retrospective study[40] both found that direct compression
of the pancreas can cause blunt injury to the pancreas, leading to pancreatic fluid leakage. Pancreatic fluid is corrosive
and can erode surrounding blood vessels and tissues when it flows into the abdominal cavity, causing more severe
complications. Moreover, minimizing contact with the pancreas during lymph node dissection around the pancreatic area
can avert postoperative pancreatic injury that might result in a PF. In 2021, Ebihara et al[41] introduced a novel technique
in lymph node dissection for GC above the pancreas called the preemptive retropancreatic approach, which minimizes
pressure on the pancreas when using multi-joint forceps during robotic distal gastrectomy. The authors reported the
practicality of this technique in GC surgery.

The above studies suggest that the use of PCL in laparoscopic GC surgery is safer, can lower the risk of PF, and thereby
reduce the inflammatory response and other postoperative complications that follow. Nevertheless, evidence supporting
the use of non-pancreatic compression methods in LG to lower the rate of POPF is limited. The author advocates for
multicenter, prospective, randomized controlled studies to validate this approach.

In addition, during the process of LG combined with lymph node dissection, frequent use of ultrasonic knife for
continuous separation will inevitably cause thermal injury to the pancreas. The degree of thermal injury to the pancreas
will also be higher[42]. Domestic scholars[7] found in a national prospective multicenter cohort study that patients using
Liga Sure vessel sealing system were prone to PF. Therefore, the use of energy devices is another important cause of
pancreatic injury.

The surgeon’s level of experience may ultimately play a role as a risk factor for POPF. Birkmeyer et al[43] concluded
that surgeons with higher technical scores had fewer postoperative complications compared to those with lower technical
scores. Casciani ef al[44] analyzed the impact of surgeons” personal experience on the outcomes of pancreaticoduoden-
ectomy and found that surgeons with more experience had lower rates of POPF. Laparoscopic surgery is a technically
advanced and steep learning curve procedure, and the proficiency of surgeons is an important factor affecting surgical
outcomes. Therefore, efforts to improve surgeons’ surgical skills are crucial in reducing postoperative complications.
However, research in this area is still limited, and further investigation is needed.

Surgical approach

The main determinant of PF occurrence after radical gastrectomy is the type of surgical approach used. The prevalence of
POPF after OG is relatively low. This may be related to the fact that open surgery can provide a broader surgical field,
allowing the surgeon to observe and handle the tissues around the pancreas more intuitively. Additionally, the direct
touch and feel during open surgery help the surgeon to more accurately judge the texture and tension of the tissues. The
general location of the tumor can be easily determined and completely resected. The pulsation of large arteries can also be
easily felt, and bleeding vessels can be clamped between fingers to achieve hemostasis, thereby avoiding unnecessary
damage. Nevertheless, in LG, the inability to palpate organs and the restricted surgical angle and field of view are
inherent limitations of the laparoscope[45]. Accordingly, the prevalence of POPF grows.

Compared to LG, robotic gastrectomy (RG) can further minimize trauma to the pancreas, making it a viable and safe
method for treating GC, and it can lessen the probability of POPF. The specific advantages are as follows. Firstly, in
robotic surgery, the diameter of the surgical instruments is smaller, and the operation is more precise, allowing for more
delicate protection of the pancreas and surrounding tissues. Secondly, during robotic surgery, smaller surgical incisions
and more precise surgical instruments are used, and the robotic arm is employed for operation, which can minimize
interference and trauma to the pancreas to the greatest extent. Compared to laparoscopic surgery, robotic surgery allows
for more precise operations, protecting the pancreas and reducing damage to it.

A retrospective analysis by Japanese scholars[46] found that patients who underwent RG did not develop POPF, while
POPF was observed in 4.7% of LG instances. Chinese researchers carried out a retrospective comparison[47] of the
efficacy of robotic-assisted distal gastrectomy and laparoscopic-assisted distal gastrectomy combined with D2 lymph
node dissection for advanced GC. They found that the robotic-assisted distal gastrectomy group had a lower incidence of
POPF (2.8% vs 0.4%, P = 0.044) compared to the laparoscopic-assisted distal gastrectomy group. A randomized controlled
trial[48] and a meta-analysis[49] both demonstrated that patients in the RG group exhibited a lower postoperative
morbidity rate. However, Teranishi et al[50] reported that RG resulted in fewer cases of POPF compared to LG; however,
this difference did not reach statistical significance (P = 0.12). This aligns with previous research findings[51-53].
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Robotic surgery has not yet been fully implemented for gastrectomy without compressing the pancreas. The
observation angle of the rigid endoscope is limited, compelling the mechanical arm to compress the pancreas. Due to the
lack of tactile feedback, the mechanical arm often applies considerable pressure to compress the pancreas[54], which may
increase the occurrence of PF. Although robot-assisted surgery can overcome some of the disadvantages associated with
laparoscopic surgery, there is still limited evidence regarding better clinical outcomes after robot-assisted surgery. The
author argued that before further promoting robot-assisted surgery, more rigorous research is needed to explore its
benefits for patients (Table 1 presents the rate of PF occurrence following gastric resection).

To conclude, the risk of POPF in patients who have had gastrectomy is determined by several factors. It is important
for healthcare professionals to identify these risk factors early and take appropriate measures to reduce the likelihood of
POPF in patients with GC.

DIAGNOSIS CRITERIA AND MANAGEMENT PRINCIPLES OF PF

Due to the different understanding of POPF, there are significant differences in the diagnostic criteria among various
research centers. In 2005, the International Study Group of Pancreatic Surgery (ISGPS) issued a consensus on how to
define and grade POPF[2]. A definitive definition of POPF was introduced: Drainage fluid with an amylase content
greater than three times the upper limit of normal serum amylase, measured through surgical or percutaneous drains 3
days or more after the operation. The severity of PF is divided into 3 grades (Table 2), with higher grades indicating more
severe fistula: Grade A PF: The most prevalent type, often referred to as “transient fistula.” It deviates slightly from the
clinical pathway and has minimal clinical impact; Grade B PF (B-POPF): Deviates significantly from the clinical pathway,
accompanied by abdominal pain, fever, and/or higher levels of leukocytes on the basis of Grade A PF. This type of PF
can be stabilized with active treatment. If interventional surgery is required, it becomes a Grade C PF (C-POPF); and C-
POPF: Severely deviates from the clinical pathway, often accompanied by sepsis and organ failure, with a possibility of
postoperative mortality. The definition and diagnostic criteria for POPF provided by the 2005 consensus have been
widely used domestically and internationally. However, some deficiencies in its application have gradually emerged in
clinical practice.

In 2016, ISGPS made updates to address the deficiencies of this consensus (Table 3 and Figure 2)[55]. The consensus
update adds a new requirement to the definition of POPF, which now includes “manifestation of specific clinical impacts
and the need for active clinical management,” alongside the original criterion of “drainage fluid amylase levels sur-
passing three times the normal serum amylase upper limit 3 days or more postoperatively,” when compared to the 2005
version. Therefore, the condition is labeled clinically-relevant POPF to reflect its impact on clinical outcomes.

The term “Grade A PF” has been updated to “biochemical leakage,” indicating that it has no clinical impact and is not
classified as a true PF. This change only requires a minor extension in the period for drainage tube removal without any
need for special treatment. Further clarification was made on the diagnostic criteria for B-POPF and C-POPF. B-POPF
refers to a PF that requires drainage tube placement for more than 3 weeks, or requires changes in postoperative treat-
ment, or requires percutaneous or endoscopic drainage, or causes PF-related bleeding requiring blood transfusion and/or
angiography, or causes mild infection without organ failure. C-POPF refers to a B-POPF that requires reoperation, or
causes organ failure, or results in specific death. This update promotes the widespread application of the definition and
diagnostic criteria for POPF developed by the ISGPS in the field of surgery.

Regarding the grading of POPF, the industry tends to use the Clavien-Dindo classification[56-58] (Table 4) instead of
the classification standards established by ISGPS. Domestic scholars tend to recommend a modified version of the
Clavien-Dindo classification[59].

PREVENTION OF PF

Firstly, by reviewing the preoperative CT images of the patient and evaluating certain specific structures of the pancreas,
high-risk patients who may develop PF after surgery can be identified, which helps prevent the occurrence of PF.

Secondly, in recent years, obesity has become increasingly serious. Obesity is not only an independent disease but also
an important risk factor for various chronic diseases such as cardiovascular disease, diabetes, and hypertension.
Therefore, surgeons should promote health education to patients and their families as much as possible, emphasizing the
importance of diet, exercise, and developing good lifestyle habits. For patients with chronic diseases such as respiratory
and cardiovascular diseases, regular check-ups and proactive prevention are recommended.

Thirdly, laparoscopic GC surgery is favored for its less invasive approach, aesthetic appeal, and quick recovery time.
However, there is an increasing occurrence of POPF, which is one of the significant complications post-surgery. The
likelihood of developing a PF is largely dependent on the surgical technique used. Surgeons should fully evaluate the
patient’s condition and the tumor site before performing the surgery and choose the appropriate surgical approach.
Emerging robotic surgery applications are becoming more common in clinical practice, and the incidence of postoperative
complications is reduced compared to laparoscopy. Therefore, robot-assisted surgery can be performed on patients when
conditions permit. In addition, energy devices such as ultrasonic knives are essential surgical instruments in laparoscopic
GC surgery, and surgeons should try to avoid direct contact between these energy devices and the pancreas during the
operation, as they can cause thermal damage to the pancreas and induce PF. To conclude, reducing the prevalence of
postoperative pancreatic injury-related complications is of great significance for accelerating postoperative recovery and
reducing the psychological and economic burden on patients.
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Table 1 Incidence of pancreatic fistula after gastric cancer surgery

Ref. Year Incidence % Patient total Surgical approach Study type
Hiki et al[3] 2018 22 1067 LDG for GC Multicenter prospective
randomized controlled trial
1.0 1067 ODG for GC
Inaki et al[30] 2015 3.4 86 LG for AGC Multicenter prospective
randomized controlled trial
Nakauchi et al[31] 2016 13 92 TLTG for AGC Single-center retrospective study
Yu et al[32] 2013 0.4 490 LDG/LPG for GC Single-center retrospective study
17 236 ODG/OPG for GC
3.8 79 LTG for GC
222 86 OTG for GC
Lee et al[33] 2019 1.9 526 LDG for AGC Multicenter prospective
randomized controlled trial
0.6 524 ODG for AGC
Hu et al[36] 2016 04 519 LDG + D2 for AGC Multicenter prospective
randomized controlled trial
0.0 520 ODG + D2 for AGC
Obama et al[38] 2011 7.2 138 LG for GC Single-center retrospective study
21 95 OG for GC
Ojima et al[46] 2019 4.7 639 LG for GC Single-center retrospective study
0.0 20 RG for GC
Ye et al[47] 2020 2.8 285 LDG for AGC Single-center retrospective study
0.4 285 RDG for AGC

AGC: Advanced gastric cancer; D2: Lymph node dissection; GC: Gastric cancer; LDG: Laparoscopic distal gastrectomy; LG: Laparoscopic gastrectomy;
LPG: Laparoscopic proximal gastrectomy; LTG: Laparoscopic total gastrectomy; ODG: Open distal gastrectomy; OG: Open gastrectomy; OPG: Open
proximal gastrectomy; OTG: Open total gastrectomy; RDG: Robotic distal gastrectomy; RG: Robotic gastrectomy; TLTG: Totally laparoscopic total

gastrectomy.

Figure 1 Laparoscopic gastric resection. A: Using pancreas compressionless technique; B: Using pancreas compression technique.

Fourthly, regarding the pharmacological prevention of PF, multiple studies have shown that specific drugs (such as
octreotide/antibiotics, efc.) can prevent POPF, most of which are related to the prevention of PF after pancreatic
resection/pancreaticoduodenectomy, while data on pharmacological prevention after LG are relatively lacking.
Additionally, PF formation after gastrectomy is commonly related to tumor stage and local invasion, making pre-
operative chemotherapy and nutritional support viable treatment options. A study found that patients receiving
preoperative chemotherapy showed a diminished incidence of PF[60]. American scholar Fuentes et al[61] retrospectively
analyzed patients with esophagogastric junction tumors and found that compared to surgery alone, neoadjuvant
chemotherapy did not significantly increase the risk of intraoperative complications and postoperative mortality. During
that year, Kosaka et al[62] observed that the incidence rate of POPF was elevated in patients subjected to neoadjuvant
chemotherapy relative to those who underwent surgical procedures alone (P = 0.011). Currently, there is insufficient
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Grade A B c

Clinical conditions Well Often well Appearing/bad
Specific treatment’ No Yes/no Yes

US/CT (if obtained) Negative Negative/ positive Positive
Persistent drainage > 3 weeks” No Usually yes Yes
Reoperation No No Yes

Death related to POPF No No Possibly yes
Possibly yes No Yes Yes

Sepsis No No Yes
Readmission No Yes/no Yes/no

IPartial (peripheral) or total parenteral nutrition, antibiotics, enteral nutrition, somatostatin analogs, and/or minimal invasive drainage.
2With or without a drain in situ.
CT: Computed tomographic scan; POPF: Postoperative pancreatic fistula; US: Ultrasonography.

Table 3 Revised 2016 International Study Group of Pancreatic Surgery classification and grading of postoperative pancreatic fistula:

Checklist for clinical use[55]

Event BL Grade B POPF' Grade C POPF'

Increased amylase activity > 3 times upper limit institu- Yes Yes Yes
tional normal serum value

Persisting peripancreatic drainage > 3 weeks No Yes Yes

Clinically relevant change in management of POPF” No Yes Yes

POPF percutaneous or endoscopic specific interventions for No Yes Yes

collections

Angiographic procedures for POPF related bleeding No Yes Yes

Reoperation for POPF No No Yes

Signs of infection related to POPF No Yes, without organ failure Yes, with organ failure
POPF related organ failure’ No No Yes

POPF-related death No No Yes

1A clinically relevant postoperative pancreatic fistula is defined as a drain output of any measurable volume of fluid with an amylase level greater than 3
times the upper Institutional normal serum amylase level, associated with a clinically relevant development/condition related directly to the postoperative
pancreatic fistula.

Suggests prolongation of hospital or intensive care unit stay, including use of therapeutic agents specifically employed for fistula management or its
consequences (of these: somatostatin analogs, total parenteral nutrition/ total enteral nutrition, blood product transfusion, or other medications).
3Postoperative organ failure is defined as the need for re-intubation, hemodialysis, and/or inotropic agents > 24 h for respiratory, renal, or cardiac
insufficiency, respectively.

BL: Biochemical leak; POPF: Postoperative pancreatic fistula.

research on the role of preoperative chemoradiotherapy in reducing the incidence of POPF. Future large-scale investig-
ations should aim to clarify the impact of chemoradiotherapy on the development of PF after LG for GC.

Evidence suggests that octreotide administration in the perioperative phase can reduce the rate of POPF following
pancreatic surgery[63-66]. Despite this, research has demonstrated that using octreotide prophylactically does not
decrease the frequency of POPF after pancreaticoduodenectomy[15,60,67]. In response to the above controversy, Tilak et
al[68] pointed out in their study evaluating the role of octreotide in preventing POPF that there is considerable hetero-
geneity in the research results due to different definitions of POPF used by early researchers, different surgical techniques
such as distal pancreatectomy and pancreaticoduodenectomy, the use of somatostatin and its analogues, different levels
of surgical experience, and single-center/ multicenter studies, etc., and the results are still inconclusive. Data shows that
the new generation somatostatin analogues have good efficacy, but further research is needed. As for whether prophy-
lactic use of octreotide after pancreaticoduodenectomy can reduce the occurrence of POPF, the author concluded that
further research is needed to confirm.
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Table 4 Clavien-Dindo classification[56]

Grades Definition

I Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, endoscopic, and radiological
interventions. Allowed therapeutic regimens are: Drugs as antiemetics, antipyretics, analgesics, diuretics and electrolytes, and physiotherapy.
This grade also includes wound infections opened at the bedside

II Requiring pharmacological treatment with drugs other than such allowed for Grade I complications. Blood transfusions and total parenteral
nutrition are also included

111 Requiring surgical, endoscopic, or radiological intervention

IMTa Intervention not under general anesthesia

b Intervention under general anesthesia

v Life-threatening complication (including CNS complications: Brain hemorrhage, ischemic stroke, subarachnoid bleeding, but excluding

transient ischemic attacks) requiring IC/ICU management

IVa Single organ dysfunction (including dialysis)

IVb Multi-organ dysfunction

\% Death of the patient

Suffix If the patient suffers from a complication at the time of discharge, the suffix ‘d” (for ‘disability’) is added to the respective grade of complication.
“d” This label indicates the need for a follow-up to fully evaluate the complication

CNS: Central nervous system; IC: Intermediate care; ICU: Intensive care unit.

Amylase > 3 times upper limit institutional normal
serum amylase value

v
BL

Persistent drainage >3 weeks
Clinically relevant change in management of POPF
Percutaneous or endoscopic drainage
Angiographic procedures for bleeding
Signs of infection without organ failure

Grade B pancreatic fistula
¥

Reoperation
Organ failure
Death

Grade C pancreatic fistula

Figure 2 Flowchart of the definition of biochemical leak and postoperative pancreatic fistula grades. BL: Biochemical leak; POPF: Postoperative
pancreatic fistula.

Scholars in 2004 found that somatostatin and octreotide were equally effective in closing PFs, with no significant
difference between the two (84% vs 65%, P = 0.255)[69]. No substantial difference in closure rates was noted by Gans et al
[70] when comparing the use of somatostatin and its analogues to the control group in treating PFs. No conclusive
evidence exists to indicate that new somatostatin analogues can increase the closure rates of PF.

The use of antibiotics is common in clinical practice. Researchers[71] found that the use of antibiotics in abdominal
lavage fluid after pancreaticoduodenectomy did not lower the rate of PF development. However, a recent study[72]
found that implementing extended antibiotic therapy (10 days of broad-spectrum antibiotics) in patients who are highly
susceptible to POPF resulted in a lower incidence of POPF (11.8% vs 37.7%) compared to patients receiving standard
perioperative antibiotics. Additional trials with randomized control are needed to analyze how effective antibiotic
prophylaxis is for preventing POPF.

In a 2013 study, Hiura et al[73] prospectively evaluated the application of fibrin glue sealant and polyglycolic acid
sheets to avert the development of PFs post-gastrectomy. The findings unveiled that patients with fibrin glue sealant and
polyglycolic acid sheets covering the pancreatic surface after pancreaticoduodenectomy with lymph node dissection had
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no POPF compared to the control group (P = 0.049). A decade later, Iwasaki et al[74] and Ri et al[75] arrived at the same
conclusion: Covering the lymph node dissection area with a polyglycolic acid sheet post-LG surgery significantly reduces
pancreas-related complications and can lower the incidence of POPF. Presently, there are limited studies on this topic,
necessitating further investigation in the future.

Finally, the enhanced recovery after surgery program has garnered more backing from surgeons as it strives to
diminish surgical trauma, expedite recovery, shorten hospital stays, and reduce the psychological and financial impacts
on patients through uniform management practices before, during, and after surgery. The author concluded that
adopting this program may also help reduce the incidence of POPF, but there was currently no research on this aspect.

Both nationally and internationally, research on how to prevent PF after laparoscopic GC surgery is limited, but it is an
area worth exploring. Therefore, the author held the view that further research can be conducted to explore the
prevention of PF after LG.

CONCLUSION

Factors such as patient-related issues, surgeon expertise, surgical approach, and perioperative care are all linked to the
incidence of PF following LG for GC. It is important to perform a preoperative evaluation of GC patients, especially the
anatomical relationship between the tumor and the pancreas as well as the morphological characteristics of the pancreas.
Proper and standardized usage of energy devices by surgeons is essential to prevent thermal injury to the pancreas,
thereby reducing the likelihood of PFs. Developing a reasonable surgical plan can minimize the trauma caused to patients
by the surgery itself. In addition, early diagnosis and detection of PF, and the implementation of proactive and effective
treatment measures, are important for reducing the risks associated with PF. To better understand the mechanisms
behind PFs and to develop effective diagnostic and treatment strategies, it is essential to conduct well-designed basic and
clinical research. Such advancements could significantly impact the frequency of post-gastrectomy complications and
have profound implications for the prognosis and survival outcomes of GC patients. Research on POPF following LG in
China is relatively scarce. Thus, conducting this research domestically is essential to understand the risk factors for POPF
following laparoscopic GC surgery, formulate tailored prevention strategies for our population, and offer clinical
recommendations for optimizing surgical techniques and patient outcomes.
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