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Abstract
Background: Minimally invasive pancreaticoduodenectomy (MIPD), including laparoscopic
pancreaticoduodenectomy (LPD) and robotic pancreaticoduodenectomy (RPD), is especially demanding
due to pancreaticojejunostomy (PJ). Postoperative pancreatic �stula (POPF) remains the most serious
complication in MIPD as well as in open pancreaticoduodenectomy (OPD). Conventional PJ in MIPD did
not improve the POPF rate and hospital stay, contrary to expectations. High POPF rates have been
attributed to technical issues encountered during MIPD, including motion restriction and insu�cient water
tightness; therefore, we have developed the Kiguchi method as a novel PJ technique optimized for MIPD.
Herein, we describe the technique and assess its impact in patients with a soft pancreatic texture, which
has been reported to be signi�cantly related to POPF.

Methods: The retrospective study included 188 patients with a soft pancreatic texture. Brie�y, 143
patients underwent OPD with conventional PJ (OPD group); 19 patients underwent MIPD with
conventional PJ (Old-MIPD group), including 7 and 12 patients undergoing LPD and RPD, respectively;
and 26 patients underwent MIPD using the Kiguchi method (New-MIPD group), including 15 and 11
patients undergoing LPD and RPD, respectively. Short-term outcomes were assessed, and POPF risk
factors were determined using univariate and multivariate analyses.

Results: The grade B/C POPF rate was signi�cantly lower in the New-MIPD group than in the Old-MIPD
and OPD groups (3.8% vs. 42.1% and 36.4%, respectively). The median hospital stay was signi�cantly
shorter in the New-MIPD group than in the Old-MIPD and OPD groups (23 vs. 33 and 31 days,
respectively). By multivariate analysis, the PJ method and male sex were signi�cant POPF risk factors.
Among the patients without POPF, the hospital stay was signi�cantly shorter in those undergoing MIPD
than in those undergoing OPD, suggesting the advantage of MIPD.

Conclusions: The novel Kiguchi method signi�cantly reduced the POPF rate in patients with a soft
pancreatic texture.

Introduction
Among gastrointestinal surgeries, pancreaticoduodenectomy (PD) is not only a technically demanding
resection method but also features complicated reconstruction. Failure of pancreaticojejunostomy (PJ)
can result in postoperative pancreatic �stula (POPF), which occasionally causes severe infections and
postoperative intra-abdominal hemorrhage as early fatal complications after PD [1–4]. The most
important factor associated with POPF development is a soft pancreatic texture, which tends to
accompany benign and low-grade malignant tumors of the pancreatic head and lower bile duct cancer
[5–8].

In recent years, minimally invasive surgery has become widespread especially in gastrointestinal surgery
due to its ability to reduce intraoperative blood loss, postoperative hospital stay, and postoperative short-
term complications compared to open surgery [9–11]. Minimally invasive PD (MIPD) has been also
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gradually spreading based on similar advantages it is expected to provide [12]. Furthermore, coverage of
laparoscopic PD (LPD) for benign and low-grade malignant tumors by the national insurance in Japan
starting in April 2016 has facilitated its widespread use. However, it remains unclear whether MIPD
improves postoperative short-term outcomes compared to open PD (OPD) [13]. One of the comparative
clinical trials comparing LPD with OPD was discontinued due to the high mortality rate of LPD [14]. This
failure was later attributed to the extreme di�culty in performing intracorporeal PJ during MIPD [15], and
some surgeons prefer extracorporeal PJ through a small laparotomy. However, extracorporeal PJ is a
demanding procedure, and the POPF rate remains high in the absence of advantages of minimally
invasive surgery. To the best of our knowledge, no randomized controlled trials investigated optimal PJ
methods for MIPD. In our institution, with the expectation of harnessing the advantages of minimally
invasive surgery, LPD and robotic PD (RPD) were introduced in 2008 and 2009, respectively, for
intracorporeal conventional PJ. However, the observed high POPF rate and the consequent prolonged
postoperative hospital stay were contrary to our expectations. Therefore, based on the hypothesis that the
POPF rate should be improved by minimizing technical errors during PJ, the Kiguchi method was
developed to accomplish PJ in MIPD.

We herein provide a detailed description of the novel Kiguchi method for PJ in MIPD and elucidate the
signi�cance of this method by comparing outcomes of the novel Kiguchi method and those achieved
with conventional MIPD and OPD. Patients enrolled in the present study were con�ned to those with a
soft pancreatic texture because of its reported signi�cant association with POPF rates of as high as 20%
not only after OPD but also after MIPD [16, 17].

Materials And Methods
Patient selection

This retrospective review of prospectively collected data included the review of all 336 patients who
underwent PD for periampullary lesions between January 1, 2008 and March 31, 2020 in the study
institution. The institutional review board approved the study protocol (approval number: HM19-064).

The present study included 188 patients with a soft pancreatic texture among the 336 patients. First, the
degree of pancreatic �brosis in pancreatic remnant was subjectively classi�ed as soft or hard by
experienced pancreatic surgeons during surgery and 146 patients with a hard pancreatic texture,
including 35 patients who required concomitant resection and reconstruction of the vasculature and/or
other organs, were excluded. Two patients who underwent PJ via a small upper middle incision by
conversion from MIPD were also excluded from the study cohort. The remaining 188 patients who were
included in the �nal analyses were classi�ed as follows: OPD group, 143 patients who underwent OPD
with conventional PJ between January 2008 and March 2020; Old-MIPD group, 19 patients who
underwent MIPD with conventional PJ, including seven patients who underwent LPD between 2008 and
2016 and 12 patients who underwent RPD between 2009 and 2016; New-MIPD group, 26 patients who
underwent MIPD with the Kiguchi method between September 2016 and March 2020, including 15
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patients who underwent LPD and 11 patients who underwent RPD. In the RPD group, the da Vinci Si or Xi
platform (Intuitive Surgical, Mountain View, CA, USA) was used. The patients enrolled in the study are
summarized in Fig. 1.

Development of the Kiguchi method

Based on our experience, the high POPF rate in MIPD using conventional PJ is attributed to several
technical errors even with robotic surgery. Brie�y, these potential technical errors are primarily a result of
the motion restriction of forceps, insu�cient water tightness of the PJ, and entanglement and confusion
of the many threads. The Kiguchi method is a simple and feasible PJ technique to resolve these technical
errors which are intricately intertwined with each other.

Details of the Kiguchi method

Patient position and placement of trocars

The patient is placed in a reverse Trendelenburg position. In LPD, �ve trocars, including three 12-mm and
two 5-mm trocars, are used for resection and two 3-mm trocars are added for PJ (Fig. 2). In RPD, �ve
trocars, including one 12-mm and four 8-mm trocars, are used for resection and one 12-mm trocar is
added for PJ (Fig. 3).

Pancreatic transection

The pancreas is transected using an auto-suturing device. The stump of main pancreatic duct is
identi�ed in the staple line of remnant pancreas. Using scissors, staples only around the main pancreatic
duct are removed and the main pancreatic duct is opened. The pancreatic duct tube as large as possible
is inserted as a temporary test tube.

Extracorporeal maneuver: seromuscular excision of the jejunal loop

The jejunal loop is pulled out from a small incision in the umbilicus, and the seromuscular layer at the PJ
site is excised. The seromuscular layer of the jejunal loop is repeatedly excised longitudinally (Fig. 4A),
and the range is expanded until a su�cient width is obtained to cover the pancreatic stump. A pancreatic
duct tube with a nodule is inserted through the middle of seromuscular excision into the jejunal lumen
and is reeled out from the site of choledochojejunostomy. The jejunal wall ori�ce that is as small as
possible is created using the metal tip of the tube; it is important to select the largest tube that can be
inserted into the main pancreatic duct. Finally, two 12-cm 5-0 polydioxanone sutures with double needles
are tied and �xed around the tube (Fig. 4B).

Intracorporeal maneuver

Reconstruction is performed using PD-II. The jejunal loop is pulled up to the pancreatic stump via a
retrocolic course. PJ is performed at approximately 15 cm from the jejunal loop stump. First, a 12-mm
trocar is inserted in the left epigastrium, immediately in front of the planned PJ position (Fig. 2,  and Fig.
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3, ). For outer-layer sutures, three transpancreatic stitches in a horizontal mattress fashion are placed:
Two transpancreatic sutures are placed on both sides as apart from the main pancreatic duct, and the
remaining sutures are placed interposing the main pancreatic duct.

First, a double-needle stitch is passed through the jejunal loop from 1 cm behind the seromuscular
excision to the posterior edge, which is then crossed over the pancreas at least 1 cm from the stump.
Thereafter, transpancreatic stitches are exteriorized through the 12-mm trocar to prevent entanglement
(Fig. 4C). The inner-layer suture is also placed in a horizontal mattress fashion with double-ended needles
from inside to outside of the main pancreatic duct lumen. The detailed operative procedure using the
Kiguchi method is described in Fig. 5. Custom-made 12-cm-long 5-0 non-absorbable mono�lament
threads with double-ended needles are used to reduce the risk of entanglement in abdominal cavity. Two
horizontal mattress sutures, which are placed on ventral (Fig. 6, ) and dorsal sides (Fig. 6, ) of the main
pancreatic duct, are then held with microvascular clips. Cranial (Fig. 6, ) and caudal (Fig. 6, ) sides of
the main pancreatic duct are stitched with a single interrupted suture to the pancreatic stump without
passing through the lumen. Using one end of each of the four suture needles placed on the pancreatic
stump, the jejunal wall around the ori�ce is stitched one by one and ligated in order, as shown in Fig. 6.
Contrary to the conventional duct-to-mucosa anastomosis, in which 6–8 interrupted stitches are placed in
a radial direction around the main pancreatic duct, the Kiguchi method utilizes only two horizontal
mattress sutures and two interrupted sutures, which are placed to surround the main pancreatic duct in a
square pattern and to obtain tight adhesion to the jejunal submucosal layer around the main pancreatic
duct using a minimum number of threads. After ligating the thread on the dorsal side (Fig. 6, - ), the tip
of the pancreatic duct tube is inserted into the main pancreatic duct (Fig. 4D). The position of the
pancreatic duct tube is adjusted and �xed to the anterior wall of the pancreatic duct and the jejunal ori�ce
using the prepared suture threads. During the ligation of inner-layer suture, the pancreatic stump and
jejunal loop are approximated by pulling the outer-layer suture threads from outside of the abdominal
cavity (Fig. 4E). In the �nal stage of PJ using the Kiguchi method, ventral edge of the seromuscular layer
of the jejunal loop is sutured using horizontal mattress stitches (Fig. 4F). Meanwhile, the pancreatic duct
tube is cut off and dropped into the jejunal lumen as a long lost stent.

Selection of operative procedures

In the present study, all patients were evaluated for indications for up-front surgery. The surgery type, OPD
or MIPD, was determined based on patient preference, because MIPD was not covered by the national
insurance until May 2016. Since June 2016, LPD for benign or low-grade malignant tumors has been
covered by the national insurance and patients meeting the criteria tended to choose LPD. RPD was not
covered by the national insurance until March 2020, and selection of RPD primarily depended on the
patient’s economic conditions. Between January 2008 and August 2016, 19 patients in the Old-MIPD
group underwent MIPD with conventional PJ by a single surgeon (IU). Between September 2016 and
March 2020, 26 patients in the New-MIPD group underwent MIPD with PJ using the Kiguchi method by
two surgeons (IU, GK). Between January 2008 and March 2020, 143 patients in the OPD group underwent
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OPD with conventional PJ by several pancreatic surgeons with experience of more than 30 conventional
PJ cases with OPD, including two surgeons involved in MIPD.

Operative procedures

 1. Resection

All patients underwent subtotal stomach-preserving PD. In the New-MIPD group, the novel semi-derotation
technique developed by our group was applied for resection, as described in detail elsewhere [18].

2. Reconstruction

In all patients, modi�ed Child’s method was used for reconstruction. The end-to-side PJ was performed at
approximately 15 cm distal to the jejunal loop stump in a retrocolic fashion.

3. PJ

OPD group: conventional PJ

Operative procedures in the OPD group were performed through either a midline laparotomy or bilateral
subcostal incision. Pancreas was dissected with a scalpel to identify the main pancreatic duct.
Interrupted duct-to-mucosa anastomosis was used for PJ in an end-to-side fashion. Cut surface of the
remnant pancreas was approximated to the jejunal serosal layer, with three or four interrupted penetrating
sutures using the modi�ed Kakita method (Fig. 7) or interrupted horizontal mattress sutures using the
modi�ed Blumgart method (Fig. 8) as outer-layer sutures [19, 20]. A duct-to-mucosa anastomosis was
formed between the main pancreatic duct and jejunal ori�ce by interrupted sutures placed in a radial
direction using at least six stitches as inner-layer sutures. An external or internal pancreatic duct tube was
placed based on the surgeon’s preference.

Old-MIPD group: conventional PJ

Patients were placed in a reverse Trendelenburg position. Five trocars, including three 12-mm and two 5-
mm trocars, were used in LPD, whereas �ve trocars, including two 12-mm and three 8-mm trocars, were
used in RPD. Pancreas was dissected with an ultrasonic scalpel to identify the main pancreatic duct
ori�ce. In the Old-MIPD group, all patients underwent conventional intracorporeal PJ similar to that
performed in the OPD group. In RPD, inner-layer sutures for duct-to-mucosa anastomosis were performed
using at least six single interrupted sutures placed in a radial direction. In contrast, only four single
interrupted sutures were performed in LPD because of technical di�culty. An external pancreatic duct
tube was placed in all patients.

New-MIPD group: the Kiguchi method

Intracorporeal PJ using the Kiguchi method described above was performed in all patients in the New-
MIPD group who underwent surgery via LPD or RPD.
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4. Choledochojejunostomy

In all groups, end-to-side choledochojejunostomy was performed using continuous sutures for the
posterior layer and interrupted sutures for the anterior layer.

5. Drainage tube management

In all groups, two or three soft silicone drains were indwelled around the PJ.

Patients were treated in the intensive care unit for at least one day before their transfer to the general
ward. For POPF diagnosis based on the International Study Group on Pancreatic Surgery (ISGPS)
de�nition, amylase concentration via the drainage tube was measured daily for a minimum of three days
after surgery. The drainage tube was removed on postoperative day 3–7 in the absence of drain effusion
as evidence for POPF. In patients with POPF, the drainage tube was exchanged at the appropriate timing
until the drainage �uid became negligible.

Study outcomes

The following clinical characteristics were analyzed: use of robotic surgery, age, sex, body mass index,
American Society of Anesthesiologists physical status score, main pancreatic duct diameter, presence of
malignancy, use of biliary drainage, and presence of diabetes mellitus as a comorbidity. A main
pancreatic duct with a diameter of <3 mm was de�ned as narrow. The operative and postoperative data
in the present study included PJ length, postoperative complications, duration of drain indwelling, and
postoperative hospital stay.

Postoperative complications were de�ned according to the Clavien-Dindo classi�cation [21]. POPF, one of
the most important postoperative complications of PD, was classi�ed in accordance with the 2016 ISGPS
guidelines [22]. Postoperative surgery-related complications were determined according to the ISGPS
de�nitions [23, 24]. Postoperative mortality was de�ned as death occurring within 90 postoperative days.
Grade B/C POPF was de�ned as the primary endpoint for univariate and multivariate risk factor analyses.

Statistical analysis

Continuous variables were presented as medians with range (minimum to maximum), and categorical
variables are reported as numbers and percentages. The New-MIPD group was compared with the Old-
MIPD and OPD groups using Pearson’s chi-squared test for categorical variables and the Mann-Whitney U
test for continuous variables.

A p value of less than 0.05 was considered to indicate statistical signi�cance. All preoperatively
parameters signi�cantly correlating with POPF were included in a multivariate binary logistic regression
model. All statistical analyses were performed with SPSS version 23.0 for Windows (Statistical Package
for the Social Sciences, Chicago, IL).
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Results

Patient characteristics
The clinical characteristics of study patients are presented in Tables 1 (New-MIPD vs Old-MIPD) and 2
(New-MIPD vs OPD). The ratio of RPD was not signi�cantly different between the New-MIPD and Old-
MIPD groups. The proportion of male patients was higher in the OPD group than in the New-MIPD group
(p = 0.041). The proportions of patients with American Society of Anesthesiologists score –  and those
with a main pancreatic duct diameter of < 3 mm were higher in the Old-MIPD group than in the New-MIPD
group (p = 0.026 and p = 0.006, respectively). The proportion of patients with malignancy was lower in the
New-MIPD group compared with both the Old-MIPD and OPD groups (p = 0.001 and p < 0.001,
respectively). The proportion of preoperative biliary drainage use was higher in the OPD group than in the
New-MIPD group (p = 0.026). There were no signi�cant differences in age, body mass index, and diabetes
as comorbidity among the New-MIPD, Old-MIPD, and OPD groups.

Perioperative and postoperative results
Operative �ndings and short-term outcomes in three study groups are summarized in Tables 3 (New-
MIPD vs Old-MIPD) and 4 (New-MIPD vs OPD). The median PJ duration was signi�cantly longer in the
New-MIPD group than in the OPD group (104 vs 40 min; p < 0.001). The rate of grade B/C POPF was
signi�cantly lower in the New-MIPD group than in both the Old-MIPD and OPD groups (3.8% vs 42.1% and
36.4%, respectively; p = 0.002 and p < 0.001, respectively). Similarly, the rate of intra-abdominal abscesses
was signi�cantly lower in the New-MIPD group than in both the Old-MIPD and OPD groups (3.8% vs
31.5% and 21.0%, respectively; p = 0.017 and p = 0.026, respectively). The rates of other postoperative
complications, such as bile leakage, delayed gastric emptying, gastrointestinal bleeding, and post-
pancreatectomy hemorrhage, were not signi�cantly different among the three groups. The overall rate of
postoperative Clavien-Dindo grade –  complications was signi�cantly lower in the New-MIPD group than
in both the Old-MIPD and OPD groups (23.1% vs 52.6% and 47.6%, respectively; p = 0.041 and p = 0.021,
respectively). Additionally, the median duration of drain indwelling was signi�cantly shorter in the New-
MIPD group than in both the Old-MIPD and OPD groups (5.5 vs 14 and 10 days, respectively; p = 0.002
and p < 0.001, respectively). Furthermore, the median duration of postoperative hospital stay was
signi�cantly shorter in the New-MIPD group than in both the Old-MIPD and OPD groups (23 vs 33 and 31
days, respectively; p = 0.007 and p < 0.001, respectively).

The duration of hospital stay for all patients in the New-MIPD, Old-MIPD, and OPD groups are presented in
Fig. 9 and Fig. 10. The rate of postoperative hospital stay for more than one month was signi�cantly
lower in the New-MIPD group than in both the Old-MIPD and OPD groups (3.8% vs 52.6% and 43.4%,
respectively; p < 0.001 and p < 0.001, respectively). Eight and thirty-nine patients in the Old-MIPD and OPD
groups, respectively, were hospitalized for more than one month due to extended POPF treatment. In
contrast, only one patient in the New-MIPD group required hospitalization for more than one month due
for treatment of bile leakage caused by obstruction of the jejunal loop. There was no statistically
signi�cant difference in mortality rate among the three groups. While there was no mortality in the New-
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MIPD group, 1 (5.23%) and 2 (1.4%) patients in the Old-MIPD and OPD groups, respectively, died.
Comparison of the duration of hospital stay among patients without POPF revealed no signi�cant
difference in the median duration of postoperative hospital stay between the New-MIPD and Old-MIPD
groups (22 and 25 days, respectively; p = 0.55). In contrast, the median duration of postoperative hospital
stay among patients without POPF was signi�cantly shorter in the New-MIPD group than in the OPD
group (22 vs 26 days, p = 0.049). In addition, among patients without POPF, the median duration of
postoperative hospital stay was signi�cantly shorter in the overall-MIPD group than in the OPD group (23
vs 26 days, p = 0.034) (Fig. 11).

Risk factors for POPF
All preoperative parameters that signi�cantly correlated with POPF rate were included in a multivariate
binary logistic regression model. Other parameters included in the multivariate binary logistic regression
model were preoperative parameters already known as risk factors for POPF. By univariate analysis, PJ
method, age, sex, body mass index, and main pancreatic duct diameter < 3 mm showed statistically
signi�cant differences between the patients with and without POPF. All abovementioned parameters were
analyzed by multivariate binary logistic regression to determine independent risk factors for POPF.
Consequently, independent risk factors for POPF were PJ method (Old-MIPD vs New-MIPD, odds ratio [OR]
12.79, 95% con�dence interval [CI] 1.35–121.55, p = 0.027; OPD vs New-MIPD, OR 10.51, 95% CI 1.35–
81.55, p = 0.024), and male sex (OR 2.78, 95% CI 1.34–5.77, p = 0.006) (Table 5).

Discussion
In the present study, the POPF rate was signi�cantly improved in the New-MIPD group using the Kiguchi
method in comparison with both the Old-MIPD and OPD groups using conventional PJ. Since all enrolled
patients had a soft pancreatic texture, which has been demonstrated to be the most in�uential risk factor
for POPF [3-8, 25-28], our study design was appropriate to elucidate the optimal PJ method to reduce the
risk of POPF. Based on our experience, the POPF rate is attributed to many technical errors intricately
intertwined with each other related to conventional PJ used in MIPD. These potential technical errors
include motion restriction of forceps, which can cause tearing of pancreatic parenchyma and
enlargement of the jejunal ori�ce, entanglement and confusion of the threads preventing accurate stitch
placement, and insu�cient water tightness between the pancreatic stump and jejunal loop. Therefore,
based on the hypothesis that the POPF rate might be improved by minimizing these technical errors, a
new PJ approach, the Kiguchi method, was developed for MIPD. The main technical improvements are as
follows (Fig. 12).1.

1. Overcoming motion restriction of forceps and reduction in thread number

To overcome the motion restriction of forceps, we designed stitches to be placed only in the perpendicular
direction to the forceps axis; the stitches are in vertical direction instead of radial direction to the main
pancreatic duct. In fact, stitches in the radial direction must be the fateful cause of failure in conventional
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PJ during MIPD. Furthermore, in the Kiguchi method, only four stitches are placed for inner-layer sutures
of PJ. For the main pancreatic duct, the two horizontal mattress sutures that are placed pass through the
lumen at the 12- and 6-hour directions whereas the other two stitches in the parenchyma near the duct are
in the 3- and 9-hour directions, which prevent the tearing of pancreatic parenchyma. The jejunal loop is
sutured by four needle stitches placed in a square pattern, thereby avoiding passing through the jejunal
ori�ce, which prevents the enlargement of jejunal ori�ce (Fig. 6). These technical improvements ensure
that PJ is a simple and secure process in MIPD. Although the motion restriction is improved by using a
surgical robot, movement of the needle in the parallel direction to the axis is deceptively demanding and
the instability of the robot arm aggravates the di�culty. Moreover, due to the rigidity of the forceps, the
risk of tearing pancreatic parenchyma is even higher in patients with a soft pancreatic texture. These
speculations are compatible with the observed lack of improvement in POPF rate with RPD in the Old-
MIPD group. Consequently, pancreatic parenchymal injury might be su�ciently avoided in the Kiguchi
method.

Other important technical issues are entanglement and confusion of the threads, which hinder accurate
stitch placement. To prevent this technical issue with the Kiguchi method, the number of sutures was
reduced to the absolute minimum of seven stitches, which did not impede PJ. The four stitches placed for
the inner layer, as described above, as well as the three stiches placed for the outer layer use horizontal
mattress sutures. In addition, exteriorization of the transpancreatic stitches of the outer layer through the
trocar is useful in preventing entanglement and confusion [29].

2. Reinforcement of water tightness of the anastomosis

To reinforce water tightness of the anastomosis in the Kiguchi method, the pancreas is �rst transected
using an auto-suturing device which enhances the adhesion by staples. Second, the pancreatic stump is
covered effectively by the adjusted seromuscular-excised area of the jejunal loop (Fig. 13). Preventing the
tearing of pancreatic parenchyma and the enlargement of jejunal ori�ce also contribute to enhanced
adhesion. Due to the seromuscular excision of the jejunal loop, the pancreatic stump is invaginated into
the intestinal wall and close contact and adhesion are achieved; small branches of the pancreatic duct
might also be effectively closed with an auto-suturing device. These factors altogether might aid in
achieving su�cient water tightness of the PJ. Incorporating the novel Kiguchi method achieves water
tightness and the consequent �rm adhesion to the PJ. The design of the Kiguchi method is similar to the
invagination method, in that the gap between the pancreatic stump and jejunal loop wall becomes as
tight as possible. In the Kiguchi method, instead of creating a large entry hole at the wall of the jejunal
loop, which is performed in the invagination method, the seromuscular layer to which the pancreatic
stump will later connect is excised and an minimum-sized ori�ce to pass a pancreatic duct tube is
created. As a result, a water-tight invagination can be achieved, which minimizes the risk of �uid leakage
compared to other invagination methods. In the Kiguchi method, the gaps between stitches are only
around the vertices of the square and the gap can be reduced by using the smallest number of stitches
possible (Fig. 14). In contrast, single interrupted stitches used in duct-to-mucosa anastomosis during
conventional PJ are placed around the main pancreatic duct in a radial direction and there is a gap
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between each stitch (Fig. 15). Therefore, increasing the number of stitches, which is necessary to narrow
the gap, is associated with increased risk of tearing of the pancreatic parenchyma, entanglement, and
confusion. Therefore, the Kiguchi method should be considered as an ideal new method that overcomes
the disadvantages of the invagination method and duct-to-mucosa anastomosis, as a novel hybrid
anastomosis method (Fig. 16).

There is no consensus on PJ methods that are better for patients with a soft pancreatic texture because
no randomized controlled trials have been limited to patients with a soft pancreatic texture. In OPD, the
original Blumgart method has been reported to reduce the rate of POPF in patients with a hard pancreatic
texture [30, 31]. However, a large-scale retrospective cohort study limited to patients with a soft pancreatic
texture reported that there was no signi�cance difference in POPF rate between the modi�ed Kakita
method and the modi�ed Blumgart method [32]. In the present report, both methods had a high POPF rate
of around 42%. Although duct-to-mucosa anastomosis techniques, such as the Blumgart method, are one
of the most widely used PJ approaches, the invagination method is another commonly used technique. In
the introduction period of LPD, few studies investigated laparoscopic invagination methods because of
issues with technical feasibility [33, 34]. However, superiority of the invagination method to duct-to-
mucosa anastomosis was obscure because the results were inconsistent among the studies due to
different invagination methods used among the study institutions [35-37]. A recent randomized controlled
trial in Japan could not demonstrate the superiority of the invagination method to duct-to-mucosa
anastomosis based on the rate of POPF; however, the subgroup analysis limited to patients with a soft
pancreatic texture revealed that the POPF rate of the invagination method (10%) was lower than that of
the duct-to-mucosa anastomosis (42%) and that the invagination method might reduce the risk of POPF
compared to duct-to-mucosa anastomosis [38]. In contrast, a large-scale retrospective cohort study in
USA limited to patients with a soft pancreatic texture revealed that the POPF rate was signi�cantly higher
with the invagination method (38%) than with duct-to-mucosa anastomosis (38% vs 25%) and that duct-
to-mucosa anastomosis should be considered in patients with a soft pancreatic texture [39]. In a
systematic review, the high POPF rate of 26.2% in patients with a soft pancreatic texture was independent
of the type of PJ method used [16]. Other new PJ methods adopted to MIPD have also been proposed [40-
42]. However, the studies were not limited to patients with a soft pancreatic texture and direct comparison
with the present study is di�cult. Based on the results of the present study as well as those of past
studies, we believe that the Kiguchi method, which combines the invagination method with duct-to-
mucosa anastomosis, has de�nitive advantages by simultaneously avoiding technical errors and
maximizing water tightness, which greatly contributes to the signi�cant improvement observed in POPF
rate.

The present study also revealed that the POPF rates were high at 36.4% and 42.1% in the OPD and Old-
MIPD groups, respectively, in the study cohort comprising only patients with a soft pancreatic texture.
These rates, which were very similar to those reported in previous studies, implicate that conventional PJ
did not improve the POPF rate despite RPD. Additionally, the duration of hospital stay was signi�cantly
shorter in the New-MIPD group than OPD and Old-MIPD group, and the hospital stays longer than one
month were clearly related to POPF complications. The present study also con�rmed that POPF was the
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most in�uential factor associated with short-term outcomes. Among the patients without POPF, the
hospital stay was signi�cantly shorter in all patients undergoing MIPD than in all patients undergoing
OPD, highlighting the bene�t of MIPD regardless of the speci�c PJ method used. The multivariate
analysis also revealed that male sex was a signi�cant risk factor for POPF, in agreement with studies
showing that male sex is a risk factors for POPF not only in OPD but also in MIPD [43, 44]. However, the
underlying cause requires further investigation.

Consideration of the learning curve

Regarding the learning curve associated with a new method, the New-MIPD group in the current study
represents the initial stage of the learning curve for the Kiguchi method [45]. In fact, one of the study
surgeons, IU, has performed MIPD using the Kiguchi method for cases 20–34 and one of the study
surgeons, GK, has performed the same procedure for cases 1–11. In the present study, PJ by the Kiguchi
method in MIPD was a time-consuming procedure because of the initial stage of the learning curve.

In the present study, the POPF rate in the New-MIPD group during the early learning curve was lower than
that in the OPD group, despite the disadvantages associated with the learning curve, indirectly suggesting
that the new anastomosis design of the Kiguchi method contributes to the reduction in POPF rate
especially in patients with a soft pancreatic texture.

Study limitations

The present study has several limitations. First, although limited only to patients with a soft pancreas,
which has been shown to be closely related to higher POPF rates, this was not a prospective, randomized
study and the results might have been affected by several biases and the small sample size. Speci�cally,
regarding comparisons between the New-MIPD and Old-MIPD groups, the observation period was
different between the groups and the bias in technical aspects could not be denied because the Kiguchi
method was designed with consideration of the technical issues faced in conventional PJ that was used
in the Old-MIPD group. However, the Kiguchi method was clearly associated with a signi�cantly reduced
POPF rate in patients undergoing MIPD. This study could not evaluate the difference between LPD and
the RPD. Given that the PJ method was almost the same between LPD and the RPD in the New-MIPD
group, the signi�cant reduction in POPF rate observed in the present study was likely related to the
difference in PJ method and not to the use of a robot. Second, as the study cohort was con�ned to
patients with a soft pancreatic texture, the signi�cance of the Kiguchi method in those with a hard
pancreatic texture, which tends to be accompanied with a larger pancreatic duct, was not evaluated.
However, we have already developed a new modi�ed PJ method, the Kiguchi method version 2, suitable
for such situations. Finally, the safety and feasibility of the Kiguchi method for PJ in MIPD should be
veri�ed by prospective randomized controlled trials in near future.

Conclusion
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The Kiguchi method not only facilitates PJ in MIPD but also is expected to signi�cantly improve POPF
rate especially in patients with a soft pancreatic texture. Prospective randomized controlled trials are
necessary to validate the superiority of the Kiguchi method.
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Figure 1

Flowchart of patient allocation
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Figure 2

Trocar placement in laparoscopic pancreaticoduodenectomy , : 5-mm trocar; , , , : 12-mm trocar; :
liver retractor; , : 3-mm trocar. During pancreaticojejunostomy, operator uses two 3-mm trocars (  and )
and camera assistant uses a 12-mm trocar ( ). Outer-layer sutures are temporarily externalized through a
12-mm trocar ( ).
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Figure 3

Trocar placement in robotic pancreaticoduodenectomy , , , : 8-mm trocar; , : 12-mm trocar; : liver
retractor. During pancreaticojejunostomy, operator uses �rst arm from trocar , third arm from trocar ,
fourth arm from trocar , and camera arm from trocar . Assistant uses a 12-mm trocar ( ). Outer-layer
suture threads are temporarily externalized through a 12mm-trocar ( ).
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Figure 4

Pancreaticojejunostomy using the Kiguchi method A. In extracorporeal maneuver, a seromuscular
incision is created on the jejunal wall where the pancreatic stump will be in contact. B. After the creation
of seromuscular incision and insertion of the pancreatic duct tube, two 12-cm 5-0 polydioxanone sutures
are ligated and �xed to the pancreatic duct tube. C. It is critical to prevent the entanglement of suture
threads by pulling out of body from the port just above the pancreas after placing the transpancreatic
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sutures. D. In robotic surgery, articulated forceps are used, but needle movement in sagittal direction
perpendicular to the axis of the forceps is optimal. E. During ligation of inner-layer sutures, pulling the
outer-layer suture threads from outside the body allows the remnant pancreas and jejunum loop to
adhere together, enabling stable ligation. F. Completion of pancreaticojejunostomy using the Kiguchi
method.

Figure 5

Mode chart of pancreaticojejunostomy using the Kiguchi method A. Seromuscular incision of the jejunal
loop is made with an extracorporeal maneuver. With horizontal mattress sutures using three double-
ended needles, outer-layer sutures are placed from the dorsal side of jejunum and through pancreatic
parenchyma and externalized through the trocar. B. Five inner-layer sutures are placed including one
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anchor thread of the pancreatic duct tube. Two horizontal mattress sutures are placed on the ventral and
dorsal sides through the main pancreatic duct, and two single interrupted sutures are placed on the
cranial and caudal sides of main pancreatic duct without passing through the lumen of main pancreatic
duct. C. After inserting and �xing the pancreatic duct tube, the horizontal mattress suture on the ventral is
ligated. D. The Kiguchi method is completed by stitching and ligating the outer-layer threads on the
ventral edge of the seromuscular incision in a horizontal mattress fashion.

Figure 6

Procedure of needle operation for pancreaticojejunostomy using the Kiguchi method 1) Stitch and hold .
2) Stitch and hold - . 3) Stitch and hold - . 4) Ligate -  and insert pancreatic duct tube into main
pancreatic duct. 5) -  Stitch and hold. 6) Stitch and ligate - . 7) Ligate - . 8) Ligate -  and �x
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pancreatic duct tube. 9) Stitch  and ligate - . It is important to have a procedure in which the threads
before ligation are not easily entangled and to ascertain that the subsequent ligation will not hinder the
next needle movement.

Figure 7

Modi�ed Kakita method from vertical sectional view Several interrupted sutures are placed for outer-layer
sutures through the pancreatic parenchyma and jejunal seromuscular layer.
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Figure 8

The Blumgart method from vertical sectional view Several horizontal mattress sutures are placed for
outer-layer sutures through the pancreatic parenchyma and jejunal seromuscular layer.
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Figure 9

Postoperative hospital stays in the new and old minimally invasive pancreaticoduodenectomy (MIPD)
groups
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Figure 10

Postoperative hospital stay in the open pancreaticoduodenectomy (OPD) group
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Figure 11

Comparison of postoperative hospital stay of cases without postoperative pancreatic �stula between the
overall-MIPD and OPD groups
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Figure 12

Technical improvement in the Kiguchi method for prevention of postoperative pancreatic �stula (POPF)
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Figure 13

The Kiguchi method from vertical sectional view In the Kiguchi method, seromuscular incision on the
jejunum side and the transpancreatic sutures placed in a horizontal mattress fashion allow the jejunal
wall to adhere to the remnant pancreas without excessive tension. The seromuscular incision allows the
pancreatic stump to invaginate into the lumen of jejunal loop while separating from the lumen.
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Figure 14

The Kiguchi method from view of the jejunal lumen side In the Kiguchi method, four stitches are placed in
a square pattern to surround the main pancreatic duct. The needle movement to the main pancreatic duct
and pancreatic stump is limited to the sagittal direction only. The gap between stitches is only around the
vertices of stitches placed in a square pattern.
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Figure 15

Conventional pancreaticojejunostomy from view of the jejunal lumen side In conventional duct-to-
mucosa pancreaticojejunostomy, single interrupted stitches are placed around the main pancreatic duct
in a radial direction. This method creates a gap between the radial stitches around the main pancreatic
duct.
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Figure 16

Endoscopic �ndings of pancreaticojejunostomy using the Kiguchi method Endoscopic �ndings of
pancreaticojejunostomy using the Kiguchi method are similar to those of duct-to-mucosa
pancreaticojejunostomy. The suture threads placed in a square pattern surrounding the main pancreatic
duct are observed.
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