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Advance ligation to facilitate pancreaticojejunostomy following
pancreaticoduodenectomy by dilating the main pancreatic duct
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Background: Duct-to-mucosa pancreaticojejunostomy (PJ) after pancreaticoduodenectomy (PD) is
technically challenging, particularly in cases of soft pancreas with a nondilated main pancreatic duct (MPD).
We propose a novel procedure that involves ligating the pancreas in advance to allow for MPD dilation.
Methods: We compared the data of 16 patients who underwent PD followed by PJ with advance ligation
(AL) for soft pancreas with a nondilated MPD with that of 17 patients who underwent a conventional
procedure (conventional group) without AL at a single institution between January 2015 and April 2017.
MPD diameters were assessed using preoperative computed tomography and intraoperative ultrasonography.
Pancreatic consistency was judged intraoperatively. The pancreatic parenchyma and MPD were ligated in
advance to allow time for MPD dilation. After AL, we divided the pancreatic parenchyma. AL led to MPD
dilation and facilitated PJ.

Results: There were significantly fewer complications in the AL group than in the conventional group
(P=0.005). There were no cases of pancreatitis or death in either group. The mean procedural time for
occluding the MPD was 43 min (range, 21-134 min). The median MPD dilation rate after AL was 1.6 (0.9
3.8).

Conclusions: AL is a simple, safe, and useful procedure for facilitating PJ.
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Introduction of the MPD was gradually introduced in 2015 for cases

of soft pancreas with a nondilated duct at our institution.

Duct-to-mucosa pancreaticojejunostomy (PJ) after In this study, we report the preliminary surgical

pancreaticoduodenectomy (PD) remains technically outcomes for this novel technique, which facilitates PJ

challenging. Furthermore, soft pancreas and a nondilated in patients with soft pancreas and a nondilated MPD.
main pancreatic duct (MPD) are significant risk factors We present the following article in accordance with the
for the development of postoperative pancreatic fistula STROBE reporting checklist (available at http://dx. doi.

(POPF) (1). Advance ligation (AL) to allow for dilation org/10. 21037/gs-20-501).

© Gland Surgery. All rights reserved. Gland Surg 2021;10(1):59-64 | http://dx.doi.org/10.21037/gs-20-501


http://dx.doi.org/10.21037/gs-20-501
http://dx.doi.org/10.21037/gs-20-501
https://crossmark.crossref.org/dialog/?doi=10.21037/gs-20-501

60 Honda et al. Advance ligation for soft pancreas with a non-dilated duct

Figure 1 Advance ligation; the pancreatic parenchyma above the right edge of the portal vein was ligated with a 1-0 silk thread in advance (red

line). (A) Schema; (B) intraoperative image.

Figure 2 Main pancreatic duct diameters measured with perioperative ultrasonography. (A) Before advance ligation; (B) immediately before

dissection of the pancreas. Dashed line, cross: measurement distance of each main pancreatic duct. PV: portal vein, main pancreatic duct

(arrowhead), ligation point (arrow).

Methods
Patients

Between January 2015 and May 2017, 98 consecutive
patients underwent PD followed by PJ for hepatobiliary or
pancreatic diseases at the Fukuyama City Hospital. Patients
who required hepato-PD or vessel reconstruction were
excluded. The pancreatic consistency was intraoperatively
judged as soft or hard, and a nondilated duct was defined
by an MPD diameter of <3 mm on preoperative axial
computed tomography (CT). In patients who underwent
the conventional procedure, ligation was immediately
performed following division of the pancreas. In the AL
group, ligation was performed earlier; thus, it was referred
to as AL. Clinical data regarding the perioperative course,
including postoperative morbidity and mortality, were
prospectively collected for all patients. The incidence
of POPF was prospectively analyzed according to the
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International Study Group on Pancreatic Fistula (ISGPF)
criteria (2). This study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by the ethics committee of Fukuyama City
Hospital (approval #320) and individual consent for this
retrospective analysis was waived.

AL procedure

In the AL group, the pancreatic parenchyma above the
right edge of the portal vein was gently ligated using a
thick thread (1-0 silk) in advance during PD (Figure 1).
Ligation was carefully performed to avoid tearing of the
soft pancreatic tissue. A 360° ligation of the pancreatic
parenchyma artificially occluded the MPD. After allowing
some time for MPD dilation, we divided the pancreatic
parenchyma. The MPD diameter was measured using
ultrasonography before pancreatic ligation and immediately
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Table 1 Preoperative and operative data for patients who underwent pancreaticojejunostomy with advance ligation (AL) or conventional ligation

Variables AL Conventional P value
No. of patients 16 17 -
Age (years), median [range] 69 [38-84] 70 [47-85] 0.929
Male/female 9/7 10/7 1.000
Disease
Bile duct carcinoma 7 5 0.296
Pancreatic carcinoma 4 8 0.141
Ampullary carcinoma 3 1 0.601
Pancreatic neuroendocrine tumor 2 0 0.227
The other 0 3 0.601
MPD diameter on preoperative axial CT, median [range] 1.7 [0.8-2.7] 2.0[1.0-3.0] 0.231
ASA class 1/2/3/4 2/13/1/0 1/16/0/0 0.446
Operative time (min), median [range] 471 [407-654] 451 [332-712] 0.683
Blood loss (g), median [range] 284 [50-450] 350 [30-1,050] 0.168

MPD, main pancreatic duct; CT, computed tomography; ASA, American Society of Anesthesiologists.

before dissection (Figure 2). The time between ligation and
dissection was recorded. After dissection of the pancreas, a
stent was inserted into the MPD through the incision in the
pancreatic parenchyma; this prevented not only exposure
of the pancreatic juice from the remnant pancreas but also
reshrinkage of the MPD.

Following en bloc resection of the pancreatic head,
duodenum, bile duct, and gallbladder with the distal portion
of the stomach, PJ was performed using the modified
Blumgart method (3) with or without transanastomotic
pancreatic stenting, depending on the surgeon’s preference.

Postoperative management

An oral diet was resumed on postoperative day (POD) 3.
Serum amylase and amylase concentration in fluid collected
from the peripancreatic drain were measured on PODs 1,
3, and 5. The drain was removed on POD 4 in patients who
showed no signs of intra-abdominal infection from fluid
collected from the peripancreatic drain.

Statistical analyses

All data were statistically analyzed using SPSS 22.0
statistical software (IBM, Armonk, New York, USA).
Comparisons between the two groups were performed
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using the Chi-squared or Fisher’s exact test for categorical
data and the Mann-Whitney U test for continuous data.
Continuous variables are reported as median (range). A P
value of <0.05 was considered statistically significant.

Results

Of the 98 screened patients, 33 (20 men, 13 women) were
included in this study. AL during PD was successfully
performed in 16 patients, while the conventional procedure
was performed in the remaining 17 (Table 1). The two
groups showed no differences in patient age, male-to-female
ratio, operative indications, MPD diameter on preoperative
axial CT, American Society of Anesthesiologists physical
status, total operative time, and total intraoperative blood
loss. A PJ stent was inserted in 15 (94%) patients in the
AL group and 14 (82%) in the conventional group, with
no significant difference between the two groups. The AL
group showed a higher rate of Clavien-Dindo grade I-1I
postoperative complications (P=0.037), but a significantly
lower rate of grade III-IV complications (P=0.005;
Table 2). Pancreatic fistula was noted in 0% of patients
in the AL group and 29% of those in the conventional
group (P=0.026). There was no significant between-group
difference in the median serum amylase levels on PODs 1
and 3. Intra-abdominal hemorrhage occurred in one patient
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Table 2 Postoperative complications in patients who underwent pancreaticojejunostomy with advance ligation (AL) or conventional ligation

Variables AL Conventional P value
No. of patients 16 17 -
Morbidity (Clavien-Dindo grade I-Il) 12 (75%) 6 (35%) 0.037
Morbidity (Clavien-Dindo grade IlI-IV) 0 7 0.005
Pancreatic fistula ISGPS grade B/C 0/0 5/0 0.026
False aneurysm 0 1 0.500
Intra-abdominal haemorrhage 0 1 0.515
Intra-abdominal abscess 1 1 0.742
Delayed gastric emptying grade A/B/C 0/0/0 0/1/0 0.515
Acute pancreatitis 0 2 0.485
Bile leakage 0 0 1.000
Pancreatitis 0 0 1.000
Bowel leakage 0 0 1.000
Bowel obstruction 2 0 1.000
Wound infection 1 0 0.485
Cholangitis 4 3 0.463
Ascites 1 1 0.742
The other 2 0 0.227
Reoperation 0 1 0.515
Serum amylase, median [range]

POD 1 418 [31-1,637] 354 [119-2,853] 0.845

POD 3 59 [12-274] 68 [27-690] 0.533
Readmission' 1 0 0.485
Mortality 0 0 1.000
Postoperative hospital stay (days), median [range] 22 [13-33] 28 [13-88] 0.081

', less than 1 month after discharge. POPF, postoperative pancreatic fistula; ISGPS, the 2016 International Study Group for Pancreatic

Surgery; POD, post-operative day.

in the conventional group on POD 2, and was successfully
managed by reoperation. The length of hospital stay and
readmission rate were similar in the two groups. One
patient in the AL group was readmitted to the hospital
within 1 month because of delayed gastric emptying. There
were no operative mortalities in either group.

In the AL group, the median MPD diameter before
AL was 2.0 mm (range, 1.0-3.5 mm). The MPD orifice
was occluded through AL in a mean of 43 min (range, 21—
134 min). The median MPD diameter before the dissection
of the pancreas was 2.8 mm (range, 1.4-4.1 mm), and the
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median MPD dilation rate after AL was 1.6 (range, 0.9-3.8).

Discussion

This report describes the preliminary results of AL in PD
for soft pancreas with a nondilated MPD, which enables
MPD dilation without severe morbidity related to failure
of the PJ. This approach could be applicable to various PJ
methods during PD, including the Kakita (4), modified
Blumgart (3), and two-layer techniques (5), without
requiring specialized instruments, regardless of laparotomy
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or laparoscopy.

The MPD dilation may, theoretically and intuitively,
render suturing of the PJ simpler. The soft texture of the
pancreas, which leads to easy deformation rather than a
higher risk for POPF after PD, allowed the MPD to be
easily occluded by AL, resulting in a median 1.6x dilation.
No patients in the present study developed grade B or C
POPF despite having both soft pancreas and a nondilated
MPD. The dilated MPD, which made the P] anastomosis
easier, may be one of the factors contributing to POPF
reduction.

Because AL induced an artificial obstruction of the
MPD, we were concerned about postoperative pancreatitis
occurring in the remnant pancreas. The duration of AL
(median 43 min) led to high levels of median serum amylase
on POD 1 (407 TU/L), but the level returned to normal in
all patients on POD 3 (58 IU/L). This time was sufficient to
expand the MPD, but not likely to cause pancreatitis.

This study has several limitations associated with the
single-institution retrospective design and the small sample
size, which prevents conclusions regarding the safety of
the method. To overcome these limitations, a further
prospective large-scale study is needed to compare the
outcomes between the patients who underwent PD with
and without AL. Nonetheless, this surgical technique may
facilitate PJ.

Conclusions

To conclude, we introduced a new procedure, AL, during
PD to facilitate PJ by dilating the MPD intraoperatively.
AL was simple, safe, and effective for performing
anastomoses in the soft pancreas with a nondilated MPD.
While definitive conclusions will require a randomized
study with a control cohort, the present report may
demonstrate the usefulness and feasibility of AL with no
severe complications.
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