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1  | INTRODUC TION

Gastric cancer remains one of the most important causes of can-
cer-related death in the world.1 Surgical resection is the recom-
mended treatment for curable gastric cancer, and randomized 
controlled trials (RCTs) in Asian2 and Western countries3,4 have 

demonstrated that extended (D2 or beyond) lymphadenectomy 
significantly improves patient survival as compared to limited 
(D1) lymphadenectomy, and D2 gastrectomy could be designated 
as the standard treatment option for advanced gastric cancer.

Since Kitano et al first demonstrated laparoscopic gastrec-
tomy (LG) as a less invasive alternative to conventional open 
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Abstract
Postoperative pancreatic fistula is one of the most severe complications after gastric 
cancer surgery, and can cause critical patient conditions leading to surgery-related 
death. Fortunately, the incidence of postoperative pancreatic fistula after gastrec-
tomy seems to be decreasing with changes in operative procedures. The rate was 
reported at about 30% after open gastrectomy with Appleby's method in 1997, but 
lately has improved below 1% for robotic gastrectomy in 2019. For the diagnosis 
of postoperative pancreatic fistula, drain amylase concentration has been demon-
strated to be beneficial and some reports have proposed the optimal cut-off values 
of drain amylase to predict major postoperative pancreatic fistula. There have been 
many reports identifying risk factors for postoperative pancreatic fistula, including 
overweight patients, pancreatic anatomy, blunt trauma from compression of the 
pancreas, and thermal injuries caused by the continuous use of energy devices. And 
importantly, laparoscopic gastrectomy has been shown to be more often associated 
with postoperative pancreatic fistula than open gastrectomy in the prospective na-
tional clinical database in Japan. Hence, further sophistication of surgical techniques 
to reduce pancreas compression would have great promise in reducing postoperative 
pancreatic fistula after laparoscopic gastrectomy.
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gastrectomy (OG) for early gastric cancer (EGC) in 1994,5 LG for 
EGC has widely prevailed, especially in Japan and Korea.6,7 On 
the other hand, postoperative pancreatic fistula is an emerging 
concern for LG in comparison to open surgery, where the re-
al-world incidence of postoperative pancreatic fistula in pro-
spective cohort studies has been shown to be 1% in open surgery 
vs 2% in laparoscopic distal gastrectomy (LDG; P = 0.04).8,9

The mainstays of postoperative pancreatic fistula treatment 
are reliable drainage of retained pancreatic juice and infection 
control. If there remains a defective drainage area, it is necessary 
to adjust the drainage tube position, and in some cases computed 
tomography-guided puncture is recommended. Sometimes drain-
age surgery may even be necessary if drainage is inadequate. In 
the past, it was reported that continuous intraperitoneal lavage 
was effective,10 and some papers reported that octreotide admin-
istration was also effective.11,12 Nevertheless, their effectiveness 
has not be investigated by an RCT. Postoperative pancreatic fis-
tula can cause critical patient conditions, including sepsis or the 
rupture of pseudoaneurysms, which could eventually lead to sur-
gery-related death.

Thus, it is important to reduce the risk of postoperative pancre-
atic fistula after gastrectomy. In this article, we will review the cur-
rent understanding of the trend in postoperative pancreatic fistula 
rates, along with its diagnosis, prediction, and prevention in gastric 
cancer surgery.

2  | INCIDENCE OF POSTOPER ATIVE 
PANCRE ATIC FISTUL A AF TER 
GA STREC TOMY FOR GA STRIC C ANCER

2.1 | Open gastrectomy

Earlier reports regarding the incidence of postoperative pancreatic 
fistula described higher rates in more invasive gastrectomies than the 
current standard. An incidence of 30% was reported for the Appleby 
operation,13 while rates of 15.2% and 14.5% have been reported for 
gastrectomy plus splenectomy with concurrent pancreatic resection 
in a retrospective study14 and a prospective cohort study,15 respec-
tively. Thus, concurrent pancreatic resection has been considered to 
carry the highest risk for postoperative pancreatic fistula in gastrec-
tomy. On the other hand, total gastrectomy (TG) with splenectomy 
but no resection of the pancreas showed a 12.6% incidence of post-
operative pancreatic fistula in the Japanese Clinical Oncology Group 
(JCOG) trial, JCOG0110, which explored the prognostic benefit of 
splenectomy in TG for proximal gastric cancer of T2-4/N0-2/M0 not 
invading the greater curvature16 (Figure 1). These clinical outcomes 
suggest that splenectomy also carries a high risk for postoperative 
pancreatic fistula after D2 gastrectomy.

In contrast, standard gastrectomy (with bursectomy) with D2 
lymph node dissection showed a postoperative pancreatic fistula 
frequency of around 6% in the JCOG9501 trial, a prospective study 

F I G U R E  1   Incidence of 
postoperative pancreatic fistula after 
gastrectomy.9,13,15-17,19,29,34 Green bars 
indicate prospective studies, and dark 
blue bar indicates a retrospective study. 
The rate of postoperative pancreatic 
fistula incidence was reported as 30% 
after open gastrectomy (OG) with 
pancreaticosplenectomy in 1997,13 but 
lately has improved to below 1% with 
robotic gastrectomies (RGs) in 2019.32 
TG, total gastrectomy; RCT, randomized 
controlled trials; DG, distal gastrectomy; 
LDG, laparoscopic distal gastrectomy; 
ODG, open distal gastrectomy
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conducted in 2004 by the JCOG for Gastric Cancer.17 These earlier 
reports represented intuitive frequencies of postoperative pancre-
atic fistula in OG for advanced gastric cancer, because there was no 
standard definition of postoperative pancreatic fistula, and such old 
reports did not refer to the grade of severity according to the Clavien-
Dindo (CD) classification.18 The most recent clinical trial, JCOG1001, 
conducted in 2018, used the CD classification, and intriguingly also 
showed a similar postoperative pancreatic fistula frequency of 5% 
for CD grade III, in contrast to no bursectomy (2%; P  =  0.032).19 
This postoperative pancreatic fistula rate reported in 2018 recon-
firmed the results of the previous cohort reported in Japan in 2004.17 
Postoperative pancreatic fistula described in the early reports is sure 
to be similar to CD grade III postoperative pancreatic fistula.

During open TG, patients often need supra-pancreatic lymph 
node dissection of No.11d, 4sa, and 10, together with splenectomy. 
It is well known that the incidence of postoperative pancreatic fis-
tula is increased in these procedures due to splenectomy. In fact, 
it was reported that the postoperative pancreatic fistula incidence 
of TG with splenectomy was 12.6% in the JCOG0110 trial,16 while 
the postoperative pancreatic fistula incidence of distal gastrectomy 
(DG)+D2 was 5.3% in the JCOG9501 trial.17 Therefore, postopera-
tive pancreatic fistula after open TG is more likely than after open 
DG and careful attention should be paid to this point. The incidence 
of postoperative pancreatic fistula after gastrectomy in advanced 
gastric cancer in Japan is listed in Table 1.

In the Western world, the frequency of postoperative pan-
creatic fistula was recognized to be 3% in gastrectomy with D2 
lymph node dissection in a Dutch trial that was supervised by the 
Japanese expert surgeon, Sasako.3 There may be a number of pos-
sible reasons why the postoperative pancreatic fistula incidence 
was low in this representative European clinical trial (Dutch trial). 
First, when the Dutch trial was reported, the concept of pancreatic 
fistula had not been established and there was no clear definition 
of the condition. Therefore, it is difficult to compare the results 

of trials between both Western and Eastern worlds, because they 
were evaluated using different standards for distinct clinics, unlike 
later trials where evaluation has been based on the common es-
tablished criteria. Secondly, pancreatic fistula may have been more 
frequently recognized in Japan where the concept of supra-pan-
creatic node dissection had been well-established as a rigorous 
surgery (D2 lymph node dissection with bursectomy) for advanced 
gastric cancer. For example, it is said that pancreatic fistula is more 
likely to occur when the pancreatic capsule is removed in proce-
dures, such as bursectomy, which is considered as the main reason 
why the JCOG1001 study also shown a high incidence of postop-
erative pancreatic fistula. Postoperative pancreatic fistula may be 
less likely to occur in Europe because bursectomies are rarely per-
formed there.

Recently, in a neoadjuvant chemotherapy (NAC) setting, the 
postoperative pancreatic fistula incidence was reported as 2% after 
gastrectomy for serosa-positive gastric cancer with preoperative 
doublet NAC of CDDP+S1 in the JACCRO-GC01 trial.20 Moreover, 
the KDOG1001 trial reported a postoperative pancreatic fistula in-
cidence of 12.5% after gastrectomy for giant type III/IV gastric can-
cer with preoperative triplet NAC of docetaxel+CDDP+S1.21 It has 
not been demonstrated that NAC increases postoperative pancre-
atic fistula rates after gastrectomy. Indeed, postoperative pancre-
atic fistula development seems to be related to a number of factors, 
such as advanced degree of gastric cancer, chemotherapy regimen, 
and operative procedure. Moreover, Yoshikawa et al noted in the 
JACCRO GC-01 study that postoperative pancreatic fistula-induced 
intra-abdominal abscess may be counted as postoperative intra-ab-
dominal abscess. Since clinical trials for post NAC gastrectomy have 
limited target cases, the number of registered patients is often rela-
tively small, and so even a difference of one patient is likely to have 
an effect on incidence rates. This may be one of the reasons for the 
variability in postoperative pancreatic fistula incidence rates in post 
NAC gastrectomy reports.

TA B L E  1   Incidence of postoperative pancreatic fistula after open gastrectomy for gastric cancer

Author, Year Incidence Procedure Type of trial Patients Country

Furukawa, 199713 30.0% Left upper abdominal 
exenteration + Appleby's method for 
type 4 AGC

Single-institution 
retrospective study

54 Japan

Otsuji, 199914 15.2% TG + pancreaticosplenectomy Single-institution 
retrospective study

128 Japan

Furukawa, 200015 14.5% TG + pancreas tail resection RCT 110 Japan

Sano, 201616 12.6% TG + splenectomy RCT (JCOG0110) 505 Japan

Sano, 200417 5.3% OG + D2 alone RCT (JCOG9501) 523 Japan

6.2% OG + D2+PAND

Kurokawa, 201819 5.0% OG + bursectomy RCT (JCOG1001) 1204 Japan

2.0% OG + omentectomy (no bursectomy)

Bonenkamp, 19953 3.0% Gastrectomy + D2 RCT (Dutch trial) 711 Netherlands

Abbreviations: AGC, advanced gastric cancer; OG, open gastrectomy; PAND, para-aortic nodal dissection; RCT, randomized control trial; TG, total 
gastrectomy.
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2.2 | Laparoscopic gastrectomy

The recent prevalence of LG for both early and advanced gas-
tric cancer is actively reported, and its clinical outcomes for EGC 
with limited lymphadenectomy have been initially disclosed. 
Laparoscopic surgery has the disadvantage that the operating 
angle and field of view of surgical instruments are limited. Since 
the area around the pancreas is anatomically complicated and 
lymph node dissection is difficult, there is a high possibility that 
the pancreas will be injured due to the limited range of motion 
of the instruments. Therefore, pancreatic fistula is considered to 
be a complication that can be uniquely found in laparoscopic sur-
gery, rather than in a conventional laparotomy, and it could greatly 
affect the patient's life and/or significantly extend the length of 
hospital stay. For these reasons, postoperative pancreatic fistula 
has been evaluated as a critical complication which may be unique 
in laparoscopic surgery in comparison to open surgery.

The first Japanese large-scale multi-institutional phase II trial 
exploring the safety of LDG for patients with clinical stage I gastric 
cancer, JCOG0703, showed the incidence of postoperative pancre-
atic fistula after gastrectomy was 1.1%.22 Several similar studies 
also showed the incidence of postoperative pancreatic fistula as 
0.5%-5%.23-25 In addition, JCOG1401 was the first prospective 
study to evaluate the safety of proximal/total gastrectomy for clin-
ical stage I proximal gastric cancer.26 In this trial, the incidence of 
postoperative pancreatic fistula was 2%, in contrast to previous re-
ports of EGC treated by open surgery that disclosed rates of 4%27 
to 15%28 for TG.

Clinical outcomes of LG (bursectomy not mandatory) were re-
ported as 3.4% for advanced gastric cancer (T2 or beyond) in DG 
with D2 lymph node dissection in the JLSSG0901 trial.29 Other 
countries in Asia have also reported the results of RCTs comparing 
the outcomes of LG and OG for advanced gastric cancer. The rates of 
postoperative pancreatic fistula after LDG were 0.4% in the CLASS-
01 trial conducted in China30 and 1.9% in the KLASS-02 trial con-
ducted in Korea.31

Furthermore, Uyama from Fujita Health University has had rig-
orous experience (including splenectomy with concurrent pancreatic 
resection) of laparoscopic TG for advanced gastric cancer, and re-
ported a total rate of 12% for pancreatic fistula of CD grade III or 
higher in a single-institute experience in Japan.32

Finally, robotic gastrectomy using multi-jointed devices for gas-
tric cancer, including advanced tumors, is likely to be beneficial for 
reducing the postoperative pancreatic fistula incidence, because 
recent literature shows the incidence of postoperative pancreatic 
fistula with robotic gastrectomy to be 0% (0/521)33, 0.9%,34

and 0.3%35 in Japan and 0%36 in other countries. The incidence 
of postoperative pancreatic fistula after LG in gastric cancer is listed 
in Table 2.

3  | DIAGNOSIS OF POSTOPER ATIVE 
PANCRE ATIC FISTUL A

Postoperative pancreatic fistula mainly represents a parenchymal 
leak not directly related to a pancreatic-enteric anastomosis after 

TA B L E  2   Incidence of postoperative pancreatic fistula after laparoscopic gastrectomy

Author, Year Incidence Procedure Type of trial Patients Country

Katai, 201022 1.1% LDG for stage I GC Multi-institution prospective study 
(JCOG0703)

176 Japan

Yoshikawa, 201323 0.5% LDG for stage I GC Prospective study 193 Japan

Wada, 201424 5.0% LTG for stage I GC Single-institution retrospective 
study

100 Japan

Kawamura, 201525 5.6% LTG + D2+splenectomy Single-institution retrospective 
study

259 Japan

Katai, 201926 2.0% LTG, LPG for stage I GC Multi-institution prospective study 
(JCOG1401)

244 Japan

Inaki, 201529 3.4% LDG + D2 for AGC RCT (JLSSG0901) 180 Japan

Nakauchi, 201632 12.0% LTG for AGC Single-institution retrospective 
study

92 Japan

Nakauchi, 201633 0.0% RG Single-institution retrospective 
study

521 Japan

Okabe, 201934 0.9% RG Multi-institution prospective study 115 Japan

Uyama, 201935 0.3% RG Multi-institution prospective study 
(Advanced Medical Technology 
“Senshiniryo” B.)

326 Japan

Kun Yang, 201936 0.0% Robotic spleen-preserving splenic 
hilar lymphadenectomy

Single-institution retrospective 
study

93 Korea

Abbreviations: AGC, advanced gastric cancer; GC, gastric cancer; LDG, laparoscopic distal gastrectomy; LPG, laparoscopic proximal gastrectomy; 
LTG, laparoscopic total gastrectomy; RCT, randomized control trial; RG, robotic gastrectomy.
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gastrectomy, different to pancreatectomy.37 The objective diagno-
sis of postoperative pancreatic fistula is difficult because it is often 
confused with intra-abdominal abscess due to the similarity of their 
clinical features. The International Study Group definition of pan-
creatic fistula (ISGPF) defines postoperative pancreatic fistula as an 
increased drain amylase concentration of greater than three times 
the serum amylase activity at postoperative day 3, and has classified 
postoperative pancreatic fistula into three categories: A, B, and C 
(Table 3).

Recent studies, however, have favored the CD grading classifica-
tion over the ISGPF grading classification for postoperative pancre-
atic fistula assessment. The CD classification grading is very simple, 
in which grade III requires surgical, endoscopic, or radiological inter-
vention, in contrast to grade I/II which only require pharmacological 
treatment at most (Table 4).18 The incidence of postoperative pan-
creatic fistula prior to the use of the CD classification17 was almost 
the same as that defined by CD grading in the JCOG trials,19 meaning 
that objective CD grading confirms the expert surgeon's recognition 
of postoperative pancreatic fistula.

Initial attention in predicting postoperative pancreatic fistula 
occurred with TG. Sano et al first discovered that drain amylase 
concentration at postoperative day 1 is a simple and useful marker 
for the prediction of postoperative pancreatic fistula in TG; eight of 
13 patients with postoperative pancreatic fistula (62% diagnostic 
sensitivity) showed high drain amylase concentrations (4000 U/L or 
higher), while 63 of 82 patients with no postoperative pancreatic 
fistula (77% diagnostic specificity) showed low drain amylase con-
centrations.38 Miki et al also reported that the most optimal cut-off 
value of drain amylase concentration at postoperative day 1 was 
3398 U/L to predict ISGPF grade B/C in TG, with a diagnostic sensi-
tivity of 65%, and specificity of 77%.39 Intriguingly, objective ISGPF 
grading also confirms the expert surgeon's recognition of postoper-
ative pancreatic fistula.

Tomimaru et al reported that diagnostic drainage inspection with 
a dark red colored drainage fluid at postoperative day 1 is sufficient 

to predict postoperative pancreatic fistula (ISGPF grade B/C) in com-
parison to drain amylase concentration in TG. With drain amylase 
concentration (5000 U/L or higher), diagnostic sensitivity was 100% 
and diagnostic specificity was 82%,40 while with drain inspection, 
diagnostic sensitivity was 100% and diagnostic specificity was 78%.

Kanda et al explored the most optimal cut-off value of drain am-
ylase concentration in laparotomy-assisted gastrectomy limited to 
DG to predict ISGPF grade B/C, and found it to be 4078 U/L with 
a sensitivity of 0.75 and specificity of 0.86. More interestingly, a 
combination with C-reactive protein values at postoperative day 3 
increased the prediction sensitivity of postoperative pancreatic fis-
tula.41 These findings suggest that the optimal cut-off value of drain 
amylase concentration is not so different between TG and DG.

More recently, the optimal cut-off value was evaluated in pa-
tients who underwent curative gastrectomy. Taniguchi et al exam-
ined 591 gastric cancers to predict ISGPF grade B/C postoperative 
pancreatic fistula and determined the most predictable indicator to 
be a drain amylase concentration of 2100 U/L at postoperative day 
3; diagnostic sensitivity was 83%, while diagnostic specificity was 
99%.42 This is the first report describing the clinical utility of drain 
amylase concentration at postoperative day 3.

Since then, Kamiya et al reported that a two-point measurement 
of drain amylase concentration at both postoperative days 1 and 3 
could more precisely predict severe postoperative pancreatic fistula 
(CD III) after gastrectomy.43 They reported that the diagnostic sensi-
tivity of the two-point measurement was 65% with a 90% specificity, 
while the sensitivities of the day 1 and day 3 measurements were 
73% and 75%, with specificities of 83% and 79%, respectively. They 
found the optimal cut-off values of drain amylase concentration to 
be 2218 U/L and 555 U/L at postoperative day 1 and 3, respectively.

The remarkable differences in the optimal cut-off values among 
the independent studies is of concern at the present time, but may 
be derived from the differential diagnosis of postoperative pan-
creatic fistula (ISGPF or CD), the type of operative procedures, or 
complication rates. Optimal standardization of the drain amylase 

Grade A B C

Clinical conditions Well Often well Ill appearing/bad

Specific treatmenta  No Yes/no Yes

US/CT (if obtained) Negative Negative/positive Positive

Persistent drainage (after 
3 wk)b 

No Usually yes Yes

Reoperation No No Yes

Death related to POPF No No Possibly yes

Signs of infections No Yes Yes

Sepsis No No Yes

Readmission No Yes/no Yes/no

Abbreviations: CT, computed tomography; ISGPF, International study group definition of 
pancreatic fistula; POPF, postoperative pancreatic fistula; US, ultrasonography.
aPartial (peripheral) or total parenteral nutrition, antibiotics, enteral nutrition, somatostatin 
analogue and/or minimal invasive drainage. 
bWith or without a drain in situ. 

TA B L E  3   Parameters for postoperative 
pancreatic fistula grading (ISGPF)
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concentration would be anticipated for the prediction of postopera-
tive pancreatic fistula in the near future.

4  | RISK OF POSTOPER ATIVE 
PANCRE ATIC FISTUL A

Although risk of postoperative pancreatic fistula is due to inva-
sive operative procedures as shown in Figure 1, other clinical fac-
tors can also affect its risk after gastrectomy. Being overweight 
(high body mass index [BMI]) is a reproducible risk factor for 
postoperative pancreatic fistula. The JCOG9501 trial confirmed 
for the first time that a high BMI increased the risk of surgical 
complications, including postoperative pancreatic fistula, in pa-
tients undergoing a D2 dissection,44 and various similar indicators 
representing being overweight have been rigorously proposed, 
such as BMI,32,34, 45,46 visceral fat area,47 and fatty pancreas.48 
Jiang et al identified male sex as an independent predictor for 
postoperative pancreatic fistula as well as BMI in a multivariate 
analysis.46 This may be due to difficulty in tissue handling and the 
vast area of visceral fat. Recently, in the Japanese national clinical 
database (NCD) which includes 39 253 cases with TG, male sex, 
splenectomy, and Brinkman index were selected as common risk 
factors for postoperative pancreatic fistula.49 Tobacco contains 
a large number of different toxic substances, including nicotine, 
and is known to cause inflammation, endothelial impairment, and 
thrombus formation.50 It is believed that tissue ischemia results 
in delayed wound healing after surgery, increasing complica-
tions. Additionally, several epidemiologic studies uncovered the 
independent effects of tobacco smoking on the development of 
chronic pancreatitis.51

Although the direct mechanism by which smoking causes post-
operative pancreatic fistula after gastrectomy has not been clarified, 
an association between smoking and pancreatic disorders has been 
reported, and smoking may contribute to pancreatic fistula after 
gastrectomy.

Other groups proposed that the pancreas shape is also a risk 
factor for postoperative pancreatic fistula, due to factors such as 
any protruding tissue (process) of the pancreas head,52 the length 
between the levels of the pancreatic body surface and the root of 
the common hepatic artery,53 pancreatic position defined by pancre-
as-aorta length, and the angle between the aorta and celiac artery.54 
Recent advancement of imaging technology can therefore help sur-
geons carefully treat the pancreas during surgery.

Risk factors for postoperative pancreatic fistula due to in-
traoperative manipulation include pressure and thermal injury 
to the pancreas. Ida et al investigated pressure injury by using 
blunt trauma to compress the pancreas during laparoscopic sur-
gery on pigs, and showed that it could result in pancreatic juice 
leakage. The pancreas of pigs were gently compressed dorsally 
for 15 minutes laparoscopically with gauze grasped with forceps, 
and pancreatic juice leakage was visualized by fluorescence im-
aging after topical administration of chymotrypsin-activatable 
fluorophore in real time (Figure 2). Amylase concentrations were 
highly elevated after the procedures, and the pancreas showed 
necrotic histological change.55 This experiment suggested that 
compressing the pancreas during LG should be of major concern, 
and should be avoided in order to prevent postoperative pancre-
atic fistula. Another risk, thermal injury, may result from the use 
of energy devices. Pogorelić et al conducted an animal experiment 
and demonstrated that the use of ultrasonic coagulation and dis-
section equipment at high power for extended periods of time 

Grade Definition

Grade 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, 
analgetics, diuretics, electrolytes, and physiotherapy. This grade also 
includes wound infections opened at the bedside.

Grade II Requiring pharmacological treatment with drugs other than such allowed 
for grade I complications.

Blood transfusions and total parenteral nutrition are also included.

Grade III Requiring surgical, endoscopic or radiological intervention.

Grade IIIa Intervention not under general anesthesia.

Grade IIIb Intervention under general anesthesia.

Grade IV Life-threatening complication (including CNS complications)a  requiring IC/
ICU management.

Grade IVa Single organ dysfunction (including dialysis).

Grade IVb Multiorgan dysfunction.

Grade V Death of a patient.

Abbreviations: CNS, central nervous system; IC, intensive care; ICU, intensive care unit.
aBrain hemorrhage, ischemic stroke, subarrachnoidal bleeding, but excluding transient ischemic 
attacks. 

TA B L E  4   Parameters for postoperative 
pancreatic fistula grading (Clavien-Dindo 
Classification of Surgical Complications)
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causes lateral heat damage.56 Irino et al experimented with swine 
pancreas and reported that as the number of harmonic scalpel ac-
tivations increased, the temperature of the pancreatic surface in 
front of the tip of the active blade increased. Histologically, only 
serosal damage was observed after three activations, whereas 
thermal damage to the pancreatic body occurred after five or 
seven activations of the harmonic scalpel.57

We speculate that there are specific circumstances unique to LG 
that may be involved in the frequent occurrence of postoperative 
pancreatic fistula in LG. The first point is that strong pressure with 
forceps concentrates the force to one specific point on the tip of the 
forceps in laparoscopic surgery. The second point is that the lever-
age principle works as the port is used as a fulcrum, and the forceps 
will be pushed with a stronger force than expected by the operators. 
On the other hand, manual compression in laparotomy distributes 
the force over the entire push area of the hand. In addition, since 
the organ is touched directly from a close location during laparot-
omy, it is easier to fine tune the applied force in this way than via a 
laparoscope.

5  | PRE VENTION OF POSTOPER ATIVE 
PANCRE ATIC FISTUL A

Obama et al first reported that drain amylase levels were higher in 
LG than in OG.58 Allowing for this finding, Hiki et al demonstrated 
that LDG (2.2%) was more often associated with grade B or higher 
postoperative pancreatic fistula than OG (1.0%; P = 0.04) after pro-
pensity patient matching in the prospective Japanese NCD, which 
included 5288 patients in 2014.9 The NCD reinforced a similar result 
(1.0% in LDG versus 0.8% in open DG, P = 0.01).59 These data sug-
gest that gastric cancer surgeons must be very careful to prevent 
postoperative pancreatic fistula in LG.

As a measure against the compression issues during LG, Tsujiura 
et al proposed “pancreas compressionless gastrectomy,” where the 
amylase concentrations from the drain tube in the compression-
less group were significantly lower on postoperative days 1 and 3 
(P < 0.001 and P = 0.013, respectively) compared with the compres-
sion group.60 The rates of severe postoperative pancreatic fistula 
and intra-abdominal infectious complications decreased from 11.8% 

F I G U R E  2   Fluorescent imaging of the pancreas by a chymotrypsin probe. Gross appearance in natural color (A). Image obtained through 
light-blocking glasses 2 minutes after administration of the chymotrypsin probe (B). The black dotted line in (A) indicates the borders of the 
pancreas. The white arrow in (B) indicates ascites containing pancreatic juice. These figures were cited from Ida et al (2018)55

F I G U R E  3   ‘Hit and Away’ technique. In the ‘‘Hit’’ phase, surgeons perform three activations with the tip of the ultrasonic scalpel after 
the tissues and vessels are clamped in a block. After three activations, the ultrasonic scalpel is immediately released. These figures were 
cited from Irino et al (2016)57
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to 2.2% (P = 0.116) and from 17.6% to 2.2% (P = 0.018), respectively. 
This report also supported Migita's hypothesis that postoperative 
pancreatic fistula increases in patients with a specific anatomical 
condition as shown on computed tomography imaging, such as a 
long length between the pancreatic body surface and the root of 
the common hepatic artery, results in intraoperative pancreatic 
compression.53

Emerging techniques, from alternate approaches to gently han-
dling the pancreas, might provide a remarkable reduction in the inci-
dence of postoperative pancreatic fistula. For example, the “Hit and 
Away” technique is an advanced procedure that could reduce ther-
mal injury to the pancreas and further reduce postoperative pan-
creatic fistula.57 In an animal experiment, the tissue temperature of 
swine mesocolon reached 43°C, a temperature at which adipose tis-
sue melted but fibrous tissue including vessels remained intact. The 
temperature returned to baseline within 3 seconds of turning off the 
ultrasonic scalpel, proposing the advantage of using ultrasonic scal-
pels in a pulsatile manner. So, the “Hit and Away” technique applies 
this pulsatile usage of an ultrasonic scalpel to reduce postoperative 
pancreatic fistula (Figure 3).

6  | CONCLUSION

We extensively reviewed the current understanding of postopera-
tive pancreatic fistula after gastrectomy, exploring its incidence, 
definition for diagnosis, prediction prior to severe clinical out-
comes, and surgical risk and prevention. Importantly, manipula-
tion of the pancreas should be minimized to reduce postoperative 
pancreatic fistula incidence if oncological matters can permit. 
Moreover, even indirect compression of the pancreas and even 
slight thermal injury can have significant risks for postoperative 
pancreatic fistula during LG. Thus, there is a need for improvement 
in surgical techniques.

DISCLOSURE
Conflict of Interest: Authors declare no conflicts of interest for this 
article.

ORCID
Keishi Yamashita   https://orcid.org/0000-0002-8492-0300 
Kei Hosoda   https://orcid.org/0000-0002-9787-2889 
Naoki Hiki   https://orcid.org/0000-0002-6857-8736 

R E FE R E N C E S
	 1.	 Ferlay J, Colombet M, Soerjomataram I, Mathers C, Parkin DM, 

Piñeros M, et al. Estimating the global cancer incidence and mor-
tality in 2018: GLOBOCAN sources and methods. Int J Cancer. 
2019;144:1941–53.

	 2.	 Wu C-W, Hsiung CA, Lo S-S, Hsieh M-C, Chen J-H, Li A-Y, et al. 
Nodal dissection for patients with gastric cancer: a randomised 
controlled trial. Lancet Oncol. 2006;7:309–15.

	 3.	 Bonenkamp JJ, Songun I, Welvaart K, van de Velde C, Hermans 
J, Sasako M, et al. Randomised comparison of morbidity after D1 

and D2 dissection for gastric cancer in 996 Dutch patients. Lancet. 
1995;345:745–8.

	 4.	 Songun I, Putter H, Kranenbarg EM, Sasako M, van de Velde CJ. 
Surgical treatment of gastric cancer: 15-year follow-up results 
of the randomised nationwide Dutch D1D2 trial. Lancet Oncol. 
2010;11:439–49.

	 5.	 Kitano S, Iso Y, Moriyama M, Sugimachi K. Laparoscopy-assisted 
Billroth I gastrectomy. Surg Laparosc Endosc. 1994;4:146–8.

	 6.	 Katai H, Mizusawa J, Katayama H, Takagi M, Yoshikawa T, 
Fukagawa T, et al. Short-term surgical outcomes from a phase 
III study of laparoscopy-assisted versus open distal gastrectomy 
with nodal dissection for clinical stage IA/IB gastric cancer: 
Japan Clinical Oncology Group Study JCOG0912. Gastric Cancer. 
2017;20:699–708.

	 7.	 Kim H-H, Han S-U, Kim M-C, Kim W, Lee H-J, Ryu SW, et al. Effect 
of Laparoscopic distal gastrectomy vs open distal gastrectomy on 
long-term survival among patients with stage I gastric cancer: The 
KLASS-01 randomized clinical trial. JAMA Oncol. 2019;5:506–13.

	 8.	 Guerra F, Giuliani G, Iacobone M, Bianchi PP, Coratti A. Pancreas-
related complications following gastrectomy: systematic review 
and meta-analysis of open versus minimally invasive surgery. Surg 
Endosc. 2017;31:4346–56.

	 9.	 Hiki N, Honda M, Etoh T, Yoshida K, Kodera Y, Kakeji Y, et al. 
Higher incidence of pancreatic fistula in laparoscopic gastrectomy. 
Real-world evidence from a nationwide prospective cohort study. 
Gastric Cancer. 2018;21:162–70.

	10.	 Wiltberger G, Schmelzle M, Tautenhahn H-M, Krenzien F, Atanasov 
G, Hau H-M, et al. Alternative treatment of symptomatic pancreatic 
fistula. J Surg Res. 2015;196:82–9.

	11.	 Roncoroni L, Violi V, Montanari M, Muri M. Effect of somatostatin 
on exocrine pancreas evaluated on a total external pancreatic fis-
tula of neoplastic origin. Am J Gastroenterol. 1983;78:425–8.

	12.	 Paran H, Neufeld D, Kaplan O, Klausner J, Freund U. Octreotide for 
treatment of postoperative alimentary tract fistulas. World J Surg. 
1995;19(3):430–3.

	13.	 Furukawa H, Hiratsuka M, Iwanaga T, Imaoka S, Ishikawa O, Kabuto 
T, et al. Extended surgery–left upper abdominal exenteration plus 
Appleby's method–for type 4 gastric carcinoma. Ann Surg Oncol. 
1997;4:209–14.

	14.	 Otsuji E, Yamaguchi T, Sawai K, Okamoto K, Takahashi T. Total 
gastrectomy with simultaneous pancreaticosplenectomy or sple-
nectomy in patients with advanced gastric carcinoma. Br J Cancer. 
1999;79:1789–93.

	15.	 Furukawa H, Hiratsuka M, Ishikawa O, Ikeda M, Imamura H, 
Masutani S, et al. Total gastrectomy with dissection of lymph nodes 
along the splenic artery: a pancreas-preserving method. Ann Surg 
Oncol. 2000;7:669–73.

	16.	 Sano T, Sasako M, Mizusawa J, Yamamoto S, Katai H, Yoshikawa 
T, et al. Randomized controlled trial to evaluate splenectomy 
in total gastrectomy for proximal gastric carcinoma. Ann Surg. 
2017;265:277–83.

	17.	 Sano T, Sasako M, Yamamoto S, Nashimoto A, Kurita A, Hiratsuka 
M, et al. Gastric cancer surgery: morbidity and mortality results 
from a prospective randomized controlled trial comparing D2 and 
extended para-aortic lymphadenectomy–Japan Clinical Oncology 
Group study 9501. J Clin Oncol. 2004;22:2767–73.

	18.	 Dindo D, Demartines N, Clavien PA. Classification of surgical com-
plications: a new proposal with evaluation in a cohort of 6336 pa-
tients and results of a survey. Ann Surg. 2004;240:205–13.

	19.	 Kurokawa Y, Doki Y, Mizusawa J, Terashima M, Katai H, Yoshikawa 
T, et al. Bursectomy versus omentectomy alone for resectable gas-
tric cancer (JCOG1001): a phase 3, open-label, randomised con-
trolled trial. Lancet Gastroenterol Hepatol. 2018;3:460–8.

	20.	 Yoshikawa T, Omura K, Kobayashi O, Nashimoto A, Takabayashi 
A, Yamada T, et al. A phase II study of preoperative chemotherapy 

https://orcid.org/0000-0002-8492-0300
https://orcid.org/0000-0002-8492-0300
https://orcid.org/0000-0002-9787-2889
https://orcid.org/0000-0002-9787-2889
https://orcid.org/0000-0002-6857-8736
https://orcid.org/0000-0002-6857-8736


626  |     WASHIO et al.

with S-1 plus cisplatin followed by D2/D3 gastrectomy for clinically 
serosa-positive gastric cancer (JACCRO GC-01 study). Eur J Surg 
Oncol. 2010;36:546–51.

	21.	 Hosoda K, Azuma M, Katada C, Moriya H, Mieno H, Ishido K, et al. 
A phase II study of neoadjuvant chemotherapy with docetaxel, 
cisplatin, and S-1, followed by gastrectomy with D2 lymph node 
dissection for high-risk advanced gastric cancer: results of the 
KDOG1001 trial. Gastric Cancer. 2019;22:598–606.

	22.	 Katai H, Sasako M, Fukuda H, Nakamura K, Hiki N, Saka M, et al. Safety 
and feasibility of laparoscopy-assisted distal gastrectomy with supra-
pancreatic nodal dissection for clinical stage I gastric cancer: a multi-
center phase II trial (JCOG 0703). Gastric Cancer. 2010;13:238–44.

	23.	 Yoshikawa T, Cho H, Rino Y, Yamamoto Y, Kimura M, Fukunaga T, 
et al. A prospective feasibility and safety study of laparoscopy-as-
sisted distal gastrectomy for clinical stage I gastric cancer initiated 
by surgeons with much experience of open gastrectomy and lapa-
roscopic surgery. Gastric Cancer. 2013;16:126–32.

	24.	 Wada N, Kurokawa Y, Takiguchi S, Takahashi T, Yamasaki M, 
Miyata H, et al. Feasibility of laparoscopy-assisted total gastrec-
tomy in patients with clinical stage I gastric cancer. Gastric Cancer. 
2014;17:137–40.

	25.	 Kawamura Y, Satoh S, Suda K, Ishida Y, Kanaya S, Uyama I. Critical 
factors that influence the early outcome of laparoscopic total gas-
trectomy. Gastric Cancer. 2015;18:662–8.

	26.	 Katai H, Mizusawa J, Katayama H, Kunisaki C, Sakuramoto S, Inaki 
N, et al. Single-arm confirmatory trial of laparoscopy-assisted total 
or proximal gastrectomy with nodal dissection for clinical stage I 
gastric cancer: Japan Clinical Oncology Group study JCOG1401. 
Gastric Cancer. 2019;22:999–1008.

	27.	 Kitamura K, Yamaguchi T, Okamoto K, Taniguchi H, Hagiwara A, 
Sawai K, et al. Total gastrectomy for early gastric cancer. J Surg 
Oncol. 1995;60:83–8.

	28.	 Furukawa H, Hiratsuka M, Imaoka S, Ishikawa O, Kabuto T, Sasaki 
YO, et al. Limited surgery for early gastric cancer in cardia. Ann Surg 
Oncol. 1998;5:338–41.

	29.	 Inaki N, Etoh T, Ohyama T, Uchiyama K, Katada N, Koeda K, et al. 
A multi-institutional, prospective, phase II feasibility study of lap-
aroscopy-assisted distal gastrectomy with D2 lymph node dissec-
tion for locally advanced gastric cancer (JLSSG0901). World J Surg. 
2015;39:2734–41.

	30.	 Hu Y, Huang C, Sun Y, Su X, Cao H, Hu J, et al. Morbidity and mor-
tality of laparoscopic versus open D2 distal gastrectomy for ad-
vanced gastric cancer: a randomized controlled trial. J Clin Oncol. 
2016;34:1350–7.

	31.	 Lee H-J, Hyung WJ, Yang H-K, Han SU, Park Y-K, An JY, et al. Short-
term outcomes of a multicenter randomized controlled trial com-
paring laparoscopic distal gastrectomy with D2 lymphadenectomy 
to open distal gastrectomy for locally advanced gastric cancer 
(KLASS-02-RCT). Ann Surg. 2019;270:983–91.

	32.	 Nakauchi M, Suda K, Kadoya S, Inaba K, Ishida Y, Uyama I. Technical 
aspects and short- and long-term outcomes of totally laparoscopic 
total gastrectomy for advanced gastric cancer: a single-institution 
retrospective study. Surg Endosc. 2016;30:4632–9.

	33.	 Nakauchi M, Suda K, Susumu S, Kadoya S, Inaba K, Ishida Y, et al. 
Comparison of the long-term outcomes of robotic radical gastrec-
tomy for gastric cancer and conventional laparoscopic approach: 
a single institutional retrospective cohort study. Surg Endosc. 
2016;30:5444–52.

	34.	 Okabe H, Obama K, Tsunoda S, Matsuo K, Tanaka E, Hisamori S, 
et al. Feasibility of robotic radical gastrectomy using a monopolar 
device for gastric cancer. Surg Today. 2019;49:820–7.

	35.	 Uyama I, Suda K, Nakauchi M, Kinoshita T, Noshiro H, Takiguchi S, 
et al. Clinical advantages of robotic gastrectomy for clinical stage I/
II gastric cancer: a multi-institutional prospective single-arm study. 
Gastric Cancer. 2019;22:377–85.

	36.	 Yang K, Cho M, Roh CK, Seo WJ, Choi S, Son T, et al. Robotic 
spleen-preserving splenic hilar lymph node dissection during total 
gastrectomy for gastric cancer. Surg Endosc. 2019;33:2357–63.

	37.	 Bassi C, Dervenis C, Butturini G, Fingerhut A, Yeo C, Izbicki J, 
et al. Postoperative pancreatic fistula: an international study group 
(ISGPF) definition. Surgery. 2005;138:8–13.

	38.	 Sano T, Sasako M, Katai H, Maruyama K. Amylase concentration of 
drainage fluid after total gastrectomy. Br J Surg. 1997;84:1310–2.

	39.	 Miki Y, Tokunaga M, Bando E, Tanizawa Y, Kawamura T, Terashima 
M. Evaluation of postoperative pancreatic fistula after total gas-
trectomy with D2 lymphadenectomy by ISGPF classification. J 
Gastrointest Surg. 2011;15:1969–76.

	40.	 Tomimaru Y, Miyashiro I, Kishi K, Motoori M, Yano M, Shingai T, 
et al. Is routine measurement of amylase concentration in drainage 
fluid necessary after total gastrectomy for gastric cancer? J Surg 
Oncol. 2011;104:274–7.

	41.	 Kanda M, Fujiwara M, Tanaka C, Kobayashi D, Iwata N, Mizuno A, 
et al. Predictive value of drain amylase content for peripancreatic 
inflammatory fluid collections after laparoscopic (assisted) distal 
gastrectomy. Surg Endosc. 2016;30:4353–62.

	42.	 Taniguchi Y, Kurokawa Y, Mikami J, Tanaka K, Miyazaki Y, Makino T, 
et al. Amylase concentration in drainage fluid as a predictive factor 
for severe postoperative pancreatic fistula in patients with gastric 
cancer. Surg Today. 2017;47:1378–83.

	43.	 Kamiya S, Hiki N, Kumagai K, Honda M, Nunobe S, Ohashi M, et al. 
Two-point measurement of amylase in drainage fluid predicts se-
vere postoperative pancreatic fistula after gastric cancer surgery. 
Gastric Cancer. 2018;21:871–8.

	44.	 Tsujinaka T, Sasako M, Yamamoto S, Sano T, Kurokawa Y, Nashimoto 
A, et al. Influence of overweight on surgical complications for gas-
tric cancer: results from a randomized control trial comparing D2 
and extended para-aortic D3 lymphadenectomy (JCOG9501). Ann 
Surg Oncol. 2007;14:355–61.

	45.	 Nobuoka D, Gotohda N, Konishi M, Nakagohri T, Takahashi S, 
Kinoshita T. Prevention of postoperative pancreatic fistula after 
total gastrectomy. World J Surg. 2008;32:2261–6.

	46.	 Jiang X, Hiki N, Nunobe S, Kumagai K, Nohara K, Sano T, et al. 
Postoperative pancreatic fistula and the risk factors of laparosco-
py-assisted distal gastrectomy for early gastric cancer. Ann Surg 
Oncol. 2012;19:115–21.

	47.	 Tanaka K, Miyashiro I, Yano M, Kishi K, Motoori M, Seki Y, et al. 
Accumulation of excess visceral fat is a risk factor for pancreatic fistula 
formation after total gastrectomy. Ann Surg Oncol. 2009;16:1520–5.

	48.	 Sato Y, Inokuchi M, Otsuki S, Fujimori Y, Kojima K. Risk factor of 
pancreatic fistula after radical gastrectomy from the viewpoint of 
fatty pancreas. Dig Surg. 2017;34:455–61.

	49.	 Kikuchi H, Miyata H, Konno H, Kamiya K, Tomotaki AI, Gotoh M, 
et al. Development and external validation of preoperative risk mod-
els for operative morbidities after total gastrectomy using a Japanese 
web-based nationwide registry. Gastric Cancer. 2017;20:987–97.

	50.	 Kondo T, Nakano Y, Adachi S, Murohara T. Effects of tobacco smok-
ing on cardiovascular disease. Circ J. 2019;83:1980–5.

	51.	 Etemad B, Whitcomb DC. Chronic pancreatitis: diagnosis, clas-
sification, and new genetic developments. Gastroenterology. 
2001;120:682–707.

	52.	 Kobayashi N, Shinohara H, Haruta S, Ohkura YU, Mizuno A, Ueno 
M, et al. Process of pancreas head as a risk factor for postoperative 
pancreatic fistula in laparoscopic gastric cancer surgery. World J 
Surg. 2016;40:2194–201.

	53.	 Migita K, Matsumoto S, Wakatsuki K, Ito M, Kunishige T, Nakade H, 
et al. The anatomical location of the pancreas is associated with the 
incidence of pancreatic fistula after laparoscopic gastrectomy. Surg 
Endosc. 2016;30:5481–9.

	54.	 Kumagai K, Hiki N, Nunobe S, Kamiya S, Tsujiura M, Ida 
S, et al. Impact of anatomical position of the pancreas on 



     |  627WASHIO et al.

postoperative complications and drain amylase concentrations 
after laparoscopic distal gastrectomy for gastric cancer. Surg 
Endosc. 2018;32:3846–54.

	55.	 Ida S, Hiki N, Ishizawa T, Kuriki Y, Kamiya M, Urano Y, et al. 
Pancreatic compression during lymph node dissection in laparo-
scopic gastrectomy: Possible cause of pancreatic leakage. J Gastric 
Cancer. 2018;18:134–41.

	56.	 Pogorelić Z, Perko Z, Druzijanić N, Tomić S, Mrklić I. How to prevent 
lateral thermal damage to tissue using the harmonic scalpel: exper-
imental study on pig small intestine and abdominal wall. Eur Surg 
Res. 2009;43:235–40.

	57.	 Irino T, Hiki N, Ohashi M, Nunobe S, Sano T, Yamaguchi T. The Hit 
and Away technique: optimal usage of the ultrasonic scalpel in lap-
aroscopic gastrectomy. Surg Endosc. 2016;30:245–50.

	58.	 Obama K, Okabe H, Hosogi H, Tanaka E, Itami A, Sakai Y. Feasibility 
of laparoscopic gastrectomy with radical lymph node dissection for 
gastric cancer: from a viewpoint of pancreas-related complications. 
Surgery. 2011;149:15–21.

	59.	 Yoshida K, Honda M, Kumamaru H, Kodera Y, Kakeji Y, Hiki N, et al. 
Surgical outcomes of laparoscopic distal gastrectomy compared to 
open distal gastrectomy: A retrospective cohort study based on 
a nationwide registry database in Japan. Ann Gastroenterol Surg. 
2018;2:55–64.

	60.	 Tsujiura M, Hiki N, Ohashi M, Nunobe S, Kumagai K, Ida S, et al. 
"Pancreas- compressionless gastrectomy": A novel laparoscopic ap-
proach for suprapancreatic lymph node dissection. Ann Surg Oncol. 
2017;24:3331–7.

How to cite this article: Washio M, Yamashita K, Niihara M, 
Hosoda K, Hiki N. Postoperative pancreatic fistula after 
gastrectomy for gastric cancer. Ann Gastroenterol Surg. 
2020;4:618–627. https://doi.org/10.1002/ags3.12398

https://doi.org/10.1002/ags3.12398

