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Different Surgical Techniques
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ABSTRACT

Postoperative pancreatic fistula (POPF) is one of the most fatal complications of pancreatoduodenectomy. POPF
is caused by leakage of pancreatic juice from the pancreatic anastomosis into the abdomen, leading to intra—abdominal
complications, such as severe surgical site infections, significant postoperative hemorrhage and multi-organ failure.
Many risk factors for POPF have been identified, including patient and surgical technique factors. Our objective was
to review the literature on surgical techniques to prevent POPF after pancreatoduodenectomy. Pancreatogastrostomy
(PG) has the same incidence of POPF as pancreatojejunostomy (PJ). For PJ anastomosis, the interrupted suture and
Blumgart technique also had the same rate of POPF. For soft pancreas it was shown that invagination was better
than duct-to-mucosa anastomosis to prevent the POPF. However, a pancreatic duct stent cannot decrease the rate
of POPF over the non-stent group. Intraperitoneal drainage cannot prevent POPF, however, it can detect POPF more
than the non-drain group. Laparoscopic PD (LPD) and robotic-assisted PD (RAPD) were comparable in rates of POPF
with open PD. Overall, no conclusion has been reached regarding the best surgical technique. In any individual case,
the surgical technique should be selected based on the surgeon’s experience in reducing the incidence of POPF, and

other complications.
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INTRODUCTION

The pancreatoduodenectomy (PD) is the surgical
procedure of choice for the treatment of pancreatic head
and periampullary lesions. This operation was popularized
by Whipple in 1935. The overall morbidity after PD
reported in a recent large retrospective study was 40.0% .
Postoperative pancreatic fistula (POPF) after PD is a
dangerous complication that may lead to death. The
incidence of POPF grades B and C has been reported
at 13.2-16% in various studies™®. One large retrospective
study, mentioned above, reported 30-day postoperative
and in-hospital mortality rates of POPF at 2.4% and
7.4%, respectively'. POPF is significantly associated
with life-threatening intra—abdominal conditions, such as
severe surgical site infections, significant postoperative
hemorrhage, and multi-organ failures, which require
further investigations, reoperation, interventions, and/
or blood transfusions. POPFs result in prolonged
hospital stay, increased therapeutic costs, poor quality of
life, and even death®®. Many risk factors for POPF have
been identified, primarily divided into patient and surgical
technique factors. Techniques to prevent a POPF
such as pancreatogastrostomy (PG), duct-to-mucosa
procedure, pancreatic duct stent and intraperitoneal,
drainage are safe methods for the patient and improve the

quality of care. However, there is no consensus on the best

surgical technique to prevent POPF. Hence, the objective of
this study was to review the literature on surgical techniques

to prevent POPF after pancreatoduodenectomy.

Definitions

The International Study Group on Pancreatic Fistula
(ISGPF) first defined POPF in 2005’, with the most recent
update in 2016 (Table 1). The updated version defines
POPFs into two groups: biochemical (grade A) and clinically
significant (grades B and C) POPFs. The term “biochemical,
or grade A POPF”, refers to a POPF with observable fluid
output having an amylase content greater than three times
the upper normal blood level on or after postoperative day 3.
Grade A POPFs have no significant clinical effects, and do
not require special postoperative care. Grade B or C POPFs
are described as clinically relevant POPFs (CR-POPF), and
require postoperative management. One of the following is
required for the diagnosis of a grade B POPF: an endoscopic
or radiological intervention, a drain in place for more than
three weeks, and/or clinical infections without organ failure
requiring only antibiotic administration. The fistula changes
to a grade C POPF whenever a patient requires a significant
change in clinical care; such as reintubation, hemodialysis,
and/or use of inotropic agents for more than 24 hours,
due to respiratory, renal, or cardiac insufficiency, required

reoperation, organ failure or death®®.

Table 1 Revised classification and grading of postoperative pancreatic fistula

Event Biochemical Grade B Grade C
Drain amylase activity >3 times upper limit of normal serum value Yes Yes Yes
Persisting peripancreatic drainage >3 weeks No Yes Yes
Clinical change and required management for pancreatic fistula No Yes Yes
Percutaneous or endoscopic treatment for collections No Yes Yes
Angiographic procedures for bleeding No Yes Yes
Reoperation No Yes Yes
Intra-abdominal infection No Yes Yes
Organ failure No No Yes
Death No No Yes

o
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Management of POPF grade A is clinical observation,
and waiting for spontaneous healing of leakage. If the
fistula is not cured by week 3, or if the patients clinical
status declines, further investigations are required; such
as abdominal computerized tomography (CT) scanning to
rule out collection. Specific management of POPF depends
on the complications, wherein, antibiotics are required for
infections, with percutaneous drainage being the first-line
treatment for collection. A CT angiography or angiography
followed by embolization is indicated for massive intra-
abdominal bleeding. Additionally, nutrition support (enteral
via nasojejunal tube or jejunostomy, or parenteral) is most
often benefical. Moreover, patients need intensive care unit
monitoring when the hemodynamic is unstable or there is
multiple organs failure. Reoperation is the last choice for

treatment complications and has a high mortality.

Patient factors

Previous publications have identified various risk
factors for POPF after PD. A retrospective study in 2016,
showed male gender (odds ratio (OR)=1.784; 95% confidence
interval (Cl): 1.214-2.622), BMI >25 kg/m’ (OR=1.679; 95%
Cl: 1107-2.546), pancreatojejunostomy (PJ) anastomosis
(OR=2.102; 95% CI: 1.374-3.216), pancreatic duct diameter
<3 mm (OR=2.062; 95% ClI: 1.416-3.0083), and soft pancreatic
texture (OR= 3.048; 95% CI: 1.953-4.757) were risk factors
for POPF after PD°. An observational study in 2018, showed
that a soft pancreas (OR=5.275; 95% Cl: 2.245-12.395) and
a fasting blood glucose level of <108.0 mg/dL (OR=3.011;

Table 2 Risk factors of postoperative pancreatic fistula

95% Cl: 1.202-7.540) were risk factors for the development
of a POPF®. A recent meta-analysis in 2022, included
27 studies (24 retrospective studies and 3 prospective
studies) with 24,740 patients, which found that pancreatic
adenocarcinoma (OR=0.54; 95% CI: 0.47-0.61), vascular
resection (OR=0.57; 95% CI: 0.39-0.83), and preoperative
chemoradiotherapy (OR= 0.68; 95% CI: 0.57-0.81) were
significantly associated with decreased risk of CR-POPF".

There are several reasons why a soft pancreatic
texture and pancreatic duct diameter <3 mm are associated
with increased risk of CR-POPF: the soft pancreas usually
has a larger pancreatic body and a smaller pancreatic duct
diameter. A recent study reported that a soft pancreas
generally has a smaller fibrosis ratio and a larger lobular
ratio, which are associated with increased exocrine function".
This study also found that patients with POPF usually
had significantly increased pancreatic fat and decreased
pancreatic fibrosis, Additionally, it also found that a higher
BMI was associated with fatty pancreas and soft pancreatic
remnants'. Pancreatic adenocarcinoma and preoperative
chemoradiotherapy have been associated with increased
pancreatic fibrosis and decreased exocrine function, which
can decrease the risk of CR-POPF"™. Therefore, evaluating
significant risk factors for POPF might help a surgeon to
identify those with a higher risk, and select appropriate
surgical methods as well as postoperative treatment
(Table 2). For higher risk patients, it is recommended that
treatment be performed in a high-volume center or by an

experienced surgeon.

Risk factors Number of studies Odd ratio (95% confidence interval)  p-value Heterogeneity (%)
Male 12 1.56 (1.42-1.70) <0.001 29

Body mass index >25 kg/m’ 6 1.98 (1.23-3.18) <0.001 80

Pancreatic duct diameter <3 mm 7 1.87 (1.66-2.12) <0.001 28

Soft pancreas 16 3.49 (2.61-4.67) <0.001 57

Pancreatic adenocarcinoma 10 0.54 (0.47-0.61) <0.001 33

Blood transfusion 8 3.10 (2.01-4.77) <0.001 0

Vascular resection 6 0.57 (0.39-0.83) 0.003 0

Preoperative chemoradiotherapy 5 0.68 (0.57-0.81) <0.001 49
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Surgical techniques

Reconstruction methods

The main reconstruction procedures after PD
are pancreatogastrostomy and pancreatojejunostomy. A
randomized controlled trial (RCT) in 2015, compared POPF
after PD between PG and PJ reconstruction, and the data
showed that the rate of CR-POPF was 18% in the PJ group
and 25% in the PG group (p-value=0.40). Postoperative
complications occurred in 48% and 58% of patients in the
PJ and PG groups, respectively (p-value=0.31)". Another
RCT in 2016, studied CR-POPF, perioperative outcomes,
pancreatic function, and quality of life between PG and
PJ reconstruction, and found no significant difference
in the rates of CR-POPF after PG versus PJ (20% vs.
22%, p-value=0.617). In addition, there were no significant
difference in surgical complications or long-term pancreatic
function; such as steatorrhea or diabetes mellitus, between
the PG and PJ groups. All participating clinics were high-
volume academic centers for pancreatic surgery. However,
the data showed that it is technically easier to achieve secure
invagination of the pancreatic remnant with PG; especially
in the case of a bulky soft pancreas”. A recent meta-
analysis of seven RCTs showed no significant difference in
the rates of POPF in the PG versus PJ groups (relative risk
(RR)=0.61; 95% Cl: 0.34-1.09; p-value=0.09)"°. However,
the data demonstrated that PJ was significantly superior

to PG in decreasing the risk of postoperative intraluminal

hemorrhage (RR=1.65; 95% Cl: 1.13-2.42; p-value=0.01)"*".
Subgroup analysis showed that the incidence of POPF
in the PG group was lower than that in the PJ group in
multicenter trials. Some potential advantages of PG include
that the presence of gastric acid can effectively inhibit the
activation of pancreatic enzymes, and an abundant stomach
wall vascularization decreases the chance of anastomotic
ischemia". It is impossible to decide at this time whether PG
or PJ is superior following PD, because the outcome from
reconstruction following pancreatic surgery is still unsettled.
Therefore, the reconstruction technique still chosen is based

on pancreatic features and surgeon experience.

Anastomotic techniques

Treatment of the pancreatic stump is a major problem
during PD reconstruction. Many Japanese institutes use
Kakita anastomosis (KA); as shown in Figure 1, which
was firstly proposed in 1996'. However, Western countries
generally follow the Blumgart anastomosis (BA); as shown
in Figure 2, which was first used in 2009°. The BA is
intended to entirely cover the pancreatic cut surface to
eliminate tension and shear forces. Retrospective studies
from to 2014-2015, showed the rates of POPF grades B and
C were 37.2% in the Kakita group and 20.5% in a modified
Blumgart group (p-value=0.033). The median postoperative
hospital stay (POHS) was significantly shorter in the BA
group than in the KA group (16 and 23 days, respectively,

)20—21

p-value<0.001

Figure 1 Kakita anastomosis A: Duct to mucosa anastomosis; B: Interrupt suture technique transpancreatic and jejunum'

VYISHIVANWASUNS D7 4 aTuil 1 ¥.0.—1i.8. 2567



Pancreatic Fistula after Pancreatoduodenectomy

Chaiyakul M and Ruangsin S.

C Duct-to-mucosa anastomosis

d Completion of U-sutures (ventral part)
€ Longitudinal view of completed anastomosis
Pancreas
3
A .‘l
Y] ( Small bowel

f Transverse view of completed anastomosis

Figure 2 Blumgart anastomosis; a-e longitudinal and f transverse view. The transpancreatic U-sutures were placed

straight through the pancreatic remnant about 1 cm distal from the cut end™

According to recent data, the incidence of grades B
and C POPF following BA varies from 4% to 27.9%, and up

to 42.7% in cases with a soft pancreas'***

. A retrospective
study in 2018, comparing a conventional anastomosis
(CA) group (Figure 3) with a BA group during PJ, showed
there was a significant difference in duration of operation
time (473.1+£102.0 versus 386.4+58.5 minutes, respectively;
p-value<0.001) and intraoperative transfusions (2.2+2.7
versus 0.7+1.5 units, respectively. p-value<0.001) However,
there was no significant difference in CR-POPF incidence
(43.2% versus 27.9%, respectively; p-value=0.137)%.
Another retrospective study in 2019, found a significantly
lower rate of CR-POPF in the modified BA group compared
to a modified KA group (10% versus 19%, respectively;

)24

p-value<0.038)”". In a recent RCT in 2019, the patients
were randomized to either interrupted suture (103 patients)
or modified BA suture (107 patients) groups, and were
analyzed by intention-to-treat. Grade B/C POPF occurred
in 6.8% of the interrupted suture group and 10.3% in the

mattress suture group (p-value=0.367)%.

PSU Medical Journal Vol. 4 No. 1 Jan-Apr 2024

Figure 3 Conventional anastomosis A-B: Six to eight non-
absorbable, interrupted sutures between the
posterior surface of the pancreas and the
seromuscular layer of the jejunum. C: Duct
to mucosa anastomosis. D: Six to eight non-
absorbable, interrupted sutures between the
anterior surface of the pancreas and the

seromuscular layer of the jejunum?®
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Figure 4 A: Interrupt suture method, B: Modified Blumgart method®

A recent meta-analysis published in 2020, included
one RCT and ten retrospective comparative studies. There
were 2,412 patients, of whom 1,155 (47.9%) underwent BA
and 1,257 (52.1%) underwent non-BA. BA was associated
with significantly lower rates of CR-POPF than non-BA
(OR=0.58; 95% ClI: 0.39-0.87; p-value=0.008). However,
there were no differences in the rates of POPF (grade B/C)
in soft pancreatic texture or grade C POPFs between the
two groups (OR 0.46; 95% Cl 0.14-1.53; p-value=0.21)"°.
A second report in 2021, included 12 studies (two RCTs,
and ten retrospective studies) involving 2,368 patients, 1,075
BA and 1,193 non-BA. The analysis found that BA was
superior to non-BA in CR-POPF (risk difference RD=0.10;
95% Cl: -0.16-0.04; number needed to treat (NNT)=9),
overall morbidity (RD=-0.10; 95% CI: -0.18-0.02; NNT=25),
post-pancreatectomy hemorrhage (PPH) (RD=-0.03; 95%
Cl: -0.06 to -0.01; NNT=33)*". The original Blumgart method
used four to six transpancreatic jejunal seromuscular
U-shaped sutures to approximate the pancreas and the

jejunum; whereas, the modified Blumgart method (Figure 4)

uses only one to three sutures. In the original method, the
sutures were tied at the pancreatic wall, whereas the sutures
are tied at the ventral wall of the jejunum in the modified
method. This technical aspect was the main difference from
other types of non-BA. This modification minimizes the
space between the knots, which was a possible source of

parenchymal leakage®®?.

Pancreatic duct sutures

Several previous studies comparing duct-to-mucosa
and invagination pancreatojejunostomy (Figure 5) have
reported that the overall POPF and morbidity rates were
similar in PJ***°'. The data from an RCT in 2016, showed that
the overall POPF rates in patients treated with invagination
versus duct-to-mucosa anastomosis were 30.9% vs.
28.5%, respectively (p-value=0.729). However, respectively,
CR-POPF rates were 17.6% versus 3.1% (p-value=0.004),
severe complications (27.9% versus 9.4%; p-value<0.013),
and POHS (15 versus 13 days; p-value=0.021); all were

significantly lower in duct-to-mucosa anastomosis®.
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In contrast, another RCT in 2017, did not demonstrate the
superiority of duct-to-mucosa over invagination in the risk of
CR-POPF (23% versus 10%, respectively; p-value=0.077).
Conversely, in high-risk patients with a soft pancreas, another
study reported that invagination may reduce the risk of CR-
POPF compared with duct-to-mucosa (10% versus 42%,
respectively, p-value=0.010)*>. Two meta-analyses in 2017
and 2018, found that duct-to-mucosa and invagination in PJ
after PD were comparable in rates of postoperative pancreatic
fistula (RR=0.78; 95% Cl: 0.15-3.96; p-value=0.77)""".
However, in a recent meta-analysis in 2020, which
included seven RCT studies involving 1,110 participants,
the incidence rate of POPF was significantly lower in the
invagination group than in the duct-to-mucosa anastomosis
group (OR=1.78; 95% CI: 118-2.67; p-value=0.006). Four
of the seven trials comparing the rates of CR-POPF in
patients with a soft pancreas showed that invagination
was significantly better than duct-to-mucosa anastomosis
(OR=2.47; 95% CI: 1.57-3.90; p-value<0.0001). Conversely,
no significant difference was observed in patients with a hard
pancreas (OR=1.06; 95% Cl: 0.50-2.27; p-value=0.87). The
duct-to-mucosa procedure has a smaller anastomosis, with
less leakage than the invagination technique. Additionally,
less tissue corrosion is caused by the pancreatic fistula.
The pancreatic stump is buried in the jejunum with the
pancreatic duct, and the procedure is reasonable for the

pancreas having small or unidentified pancreatic ducts,

which are the major benefits of invagination for anastomosis.
Patients with a soft pancreas and a restricted pancreatic
duct should be candidates for this option. However, because
the pancreatic stump is exposed to the intestinal lumen,
with exposure to digestive juices, it is prone to erosion
and bleeding, and the pancreatic duct is easily obstructed.
Patients with an excessive pancreatic stump are not suitable

for invagination®.

Pancreatic duct stent

Another issue is whether or not to utilize a stent
in PJ anastomosis. The texture of the pancreas and the
thickness of the pancreatic duct are two major contributors
to pancreatic fistula formation. Intestinal pressure,
pancreatic enzyme breakdown, and destruction of the
pancreatojejunostomy site contribute to delayed healing.
An RCT in 2018, reported that the incidence of CR-POPF
was not significantly different between the pancreatic duct

). The same

in PJ with or without a stent (p-value=0.181
results were reported by an RCT in 2021, in that the internal
stenting of PJ did not decrease the rate of CR-POPF after
PD; with incidences of CR-POPF in non-stent and internal
stent groups of 40% vs 23.8%, respectively (p-value=0.59).
However, PD without pancreatic duct stenting is both safe
and reliable and can reduce overall operative time and
hospital stay. No significant differences were observed in the

incidence of postoperative complications in another study™.

Figure 5 A: Invagination pancreatojejunostomy; B: Out-layer sutures used in both procedures; C: Duct to mucosa

pancreatojejunostomy®®

PSU Medical Journal Vol. 4 No. 1 Jan-Apr 2024
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The data from the RCT in 2018, showed comparable
incidences of CR-POPF (28.9% versus 21.6%; p-value=0.256)
and overall complications (64.9% vs. 56.8%; p-value=0.257)
between external and internal stents, respectively, after
PD. However, one study reported lower rates of stent-
related complications including stent obstruction, transient
peritonitis, and pancreatitis with internal stents, in early
clinical outcomes and postoperative drain management;
thus, suggesting their superiority%. Moreover, data from an
RCT in 2022, showed comparable incidences of CR-POPF
between non-stent and stent groups in laparoscopic PD
(4.9% versus 6.1%, respectively; p-value=1.000)**. A recent
meta-analysis in 2022, included seven RCTs involving 847
patients, and they found no statistically significant differences
between the stent and non-stent groups in POPF (RR=0.85;
95% CI: 0.57-1.26; p-value=0.41), in-hospital mortality,
and other complications; although subgroup analysis found
that the use of an external stent significantly reduced
the incidence of pancreatic fistulas (RR=0.61; 95% CI:
0.43-0.86; p-value=0.005)"".

However, most of the earlier studies noted above
were conducted at a single center, and thus multicenter
RCTs evaluating the effectiveness of external pancreatic duct
stenting, internal pancreatic duct stenting, and non-stenting
needs to be performed; especially those examining the effect

of a soft pancreas on the other variables.

Pancreatic duct occlusion

In the 1980s, pancreatic duct occlusion (PDO) was
explored as an alternative to PJ anastomosis®™. An RCT
in 2002, assessed postoperative morbidity and pancreatic
function after PD with PJ and duct occlusion without PJ
anastomosis. The study found that the incidences of
POPF in the PJ and occlusion groups were 5% and 17%,
respectively (p-value=0.013), and the incidences of diabetes
mellitus were 14% and 34%, respectively (p-value=0.001)*.
A single-center, prospective nonrandomized trial in 2019,

assessed the safety and efficacy of pancreatic duct

occlusion (PDO) with neoprene-based glue in high-risk
POPF cases using the Fistula Risk Score (FRS) after the
PDs. The study found that the incidences of CR-POPF
were comparable between the PDO and PJ anastomosis
procedures (11.8% versus 16.3%, respectively; p-value=0.51).
However, new-onset diabetes at 1 and 3 years occurred in
13.7% and 36.7% in the PDO and 4.2% and 12.2% in the PJ
anastomosis groups (p-value=0.007)*°. A meta-analysis in
2022, including 13 studies found that pancreatic anastomosis
had a significant benefit over PDO in CR-POPF (RR=2.41;
95% ClI: 1.32-4.38; p-value=0.0041). Additionally, diabetes
mellitus was more often diagnosed after duct occlusion
(RR=1.61; 95% CI: 2.43-3.65; p-value<0.0001). This finding
can be explained by the disruptive effect of a PDO on the
endocrine pancreatic architecture, resulting in pancreatic
anastomosis being the best choice to avoid this specific
complication. Although this analysis highlighted that PDO
through Wirsung's duct chemical sealing increased the risk of
POPF, it was without an increase in postoperative mortality

and had a very low prevalence of grade C POPF".

Intraperitoneal drainage

Although intraperitoneal drains are frequently
placed during pancreatic surgeries, drain insertion and
removal time have not been settled. Intraperitoneal
drainage is necessary for prophylactic drainage; however,
some surgeons believe that routine drain placement is
unnecessary after PD. Two RCTs studied the postoperative
drain issues. The first, in 2014, included 137 patients
with PD, with and without intraperitoneal drainage. The
data showed that PD with or without drainage was not
significantly associated with CR-POPF at 30-day mortality
(10% and 20%; p-value=0.104) and 60-day mortality (12%
and 20%, respectively; p-value=0.174). However, this study
suggests that abandoning routine intraperitoneal drainage
in all patients is unsafe. Another study reported that drains
were removed when the amylase concentration was low

and/or the volume of output was low, typically about POD
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7, the time of discharge from the hospital®. Conversely,
a recent RCT (the PANDRA trial) in 2016, found that the
CR-POPF (grade B/C) in the drain group was 11.9% and
the no-drain group was 5.7%; p-value=0.030; furthermore,
fistula-associated complications were significantly reduced
in the no drain group (drain 26.4% versus no drain 13.0%;
p-value=0.0008)*. However, there were some patients
in whom the clinical of CR-POPF could have been
underestimated in the no drain group, which affected the
results of this study.

In 2018, a retrospective study of patients with
postoperative day 1 drain amylase levels <5000 U/L
evaluated a high and low risk of POPF by the modified
fistula risk. The data showed that high-risk POPF patients
with early drain removal had lower rates of CR-POPF (2%
versus 15%, respectively; p-value<0.001); including overall
morbidity (27% versus 47%; p-value<0.001), than those
with late drain removal. Similarly, early drain removal in
low-risk POPF patients was associated with decreased
rates of CR-POPF (1% vs. 5%; p-value=0.014) and overall
morbidity (28% vs. 41%; p-value=0.0003) compared with
late drain removal. These findings are indicative of the wide
variability in surgical practice and suggest that early drain

removal would lead to better outcomes™.

Surgical approach

Laparoscopic PD (LPD) is very challenging, even for
experienced surgeons, because extensive dissection and
three intracorporeal anastomoses must be performed®. A
retrospective study in 2015, compared outcomes between
LPD and open PD (OPD), and although the differences
were not significant in terms of POPF (48% versus 41%,
respectively; p-value=0.52), there was a significantly greater
number of grade C POPFs in the LPD group than in the
OPD group (24% versus 6%,, respectively’ p-value=0.007)".
There have been two RCTs comparing the outcomes
between LPD and OPD. The first RCT in 2017, found that

LPD was comparable to OPD in creating a pancreatic

PSU Medical Journal Vol. 4 No. 1 Jan-Apr 2024

fistula (18.7% versus 15.6%; p-value=0.311). However, LPD
was significantly superior to OPD in the duration of POHS
(7 versus 13 days, respectively; p-value=0.001) and blood
loss (205 versus 401 ml; p-value<0.001)*. The second RCT
(PADULAP) in 2018, demonstrated that LPD and OPD were
comparable in the incidences of CR-POPF (12.5% and
27.6%, respectively; p-value=0.14). LPD was associated with
a significantly shorter POHS (median 13.5 versus 17 days;
p-value=0.024); however, it had a longer operative time
(486 versus 365 minutes, respectively; p-value=0.0001)".
A retrospective study in 2017, demonstrated that
LPD and robotic-assisted PD (RAPD) were comparable
in rates of CR-POPF (18.9% versus 20.8%, respectively;
p-value=0.075)*. Additionally, another retrospective study
in 2018, showed the CR-POPF rates were greater for
minimally invasive PD than open PD (15.3% versus 13.0%,
respectively; p-value=0.03)*. A recent retrospective study
in 2021, compared clinical outcomes of robot-assisted
minimally invasive (hybrid laparoscopic and robotic)
pancreatoduodenectomy (RA-MIPD) and OPD, and
found that RA-MIPD was not superior in terms of overall
complications (24.7% versus 30.9%; p-value=0.178) or CR-
POPF rates (6.7% versus 6.9%; p-value>0.999). Although,
the operation time was longer (361.2 versus 305.7 minutes,
respectively; p-value<0.001), the average pain score was
lower and the POHS was shorter (11.5 versus 17.2 days,
respectively; p-value< 0.001) in the RA-MIPD group™.
Regarding POPF, it remains unclear as to which
has a better outcome: MIS-PD or open PD. However, in
contrast to open PD, MIS-PD has a smaller surgical incision,
decreased inflammation response to trauma and reduced

risk of infection during surgery.

CONCLUSION

Postoperative pancreatic fistula is the most fatal
complication of pancreatoduodenectomy. This review
examined surgical factors related to POPF; especially in

soft pancreatic texture and a pancreatic duct diameter of
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<3 mm. Many surgical approaches have been developed
to prevent POPF; such as reconstruction methods (PG
versus PJ), anastomotic techniques (interrupted suture
versus Blumgart mattress PJ), pancreatic duct sutures
(invagination versus duct-to-mucosa), pancreatic duct
stents (usage versus non-usage), intraperitoneal drainage
(with or without drainage, and early versus delayed drain
removal) and surgical approaches (LPD, RAPD versus OPD).
However, the updated data are still insufficient to arrive at
a conclusion concerning the best surgical technique for
the prevention of POPF after PD. In any individual case,
the surgical technique should be selected based on the
surgeon’s experience in reducing the incidence of POPF as
well as other complications. This review included all practical
points of PD for surgeons and mini-conclusions for every
topic. It is our opinion that the most favorable PD method
is the open technique, interrupted PJ without pancreatic

duct stent and early removal of intraperitoneal drainage.
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