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Backgrounds/Aims: Postoperative pancreatic fistula (POPF) after pancreaticoduodenectomy (PD) remains a dreadful complica-
tion. Duct-to-mucosa pancreaticojejunostomy (DTMPJ) is a commonly performed anastomosis after PD. This study aims to evaluate 
whether there is a size limit of pancreatic duct below which POPF rate increases significantly after DTMPJ. 
Methods: A retrospective study was performed from a database with prospectively collected data on consecutive patients undergoing 
DTMPJ.  
Results: Between the years 2003 and 2019, a total of 288 patients with DTMPJ were recruited. POPF occurred in 56.3% of the patients, 
of which 43.8% were biochemical leak, 8.7% were grade B, and 1.4% were grade C. Overall operative morbidity was 51.4%, of which 
19.1% were major complications. Five patients (1.7%) died within 90 days of operation. Patients with grade B/C POPF had significantly 
soft pancreas (p < 0.001), smaller duct size (p = 0.031), and a diagnosis of carcinoma of the pancreas (p = 0.027). When a clinically sig-
nificant POPF rate was analysed based on the pancreatic duct diameter, pancreatic duct size ≤ 1 mm had the highest POPF rate (35.7%). 
There was a significant difference in POPF rate between adjacent ductal diameter ≤ 1 mm and > 1 mm to 2 mm (35.7% vs 13.3%; p = 
0.040). Multivariable analysis showed that for the soft pancreas, pancreatic duct diameter ≤ 1 mm was the only significant predictive 
factor for POPF (p = 0.027). 
Conclusions: DTMPJ can be safely performed for pancreatic duct > 1 mm without significantly increased POPF risk.
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INTRODUCTION

Pancreaticoduodenectomy (PD) is a commonly indicated 
operation for malignant or benign pancreatic head and peri-
ampullary region pathologies. Though operative mortality of 

PD has reduced from 12%–14% to 2%–3% in recent decades, 
postoperative morbidity remains significantly high at approx-
imately 30%–50%, of which postoperative pancreatic fistula 
(POPF) is the main cause [1-3]. The incidence of POPF is 5% 
to 30% and it is associated with serious complications like sys-
temic sepsis, organ failure, postpancreatectomy haemorrhage 
(PPH), and even death [4-7]. So far, various attempts to reduce 
the occurrence of POPF have been made but no single measure 
has been shown to be consistently superior. 

After PD, the pancreatic remnant is commonly anastomosed 
to a Roux-en-Y jejunal loop by a pancreaticojejunostomy (PJ). 
The most commonly preformed PJ is the duct-to-mucosa PJ 
(DTMPJ), where the pancreatic duct wall is directly sutured to 
the wall of a small opening in the jejunum [8,9]. Alternatively, 
a dunking PJ (DPJ) is performed where the whole pancreatic 
stump is invaginated to the lumen of the jejunum [10,11]. In 
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some cases, pancreaticogastrostomy (PG) is performed, in 
which instead of joining to jejunum, the pancreatic stump is 
invaginated to the stomach lumen [12]. Although both PG and 
DPJ are preferred over DTM anastomosis when the pancreatic 
duct is very small, studies have shown that there is no signifi-
cant difference in the rate of POPF between different anasto-
motic techniques [13-15] and none of the technical variations 
of PJ or PG anastomosis has been found to be consistently 
superior to another [16]. Currently, DTMPJ remains the anas-
tomosis of choice after PD in many centers worldwide.

In our center, DTMPJ is the gold standard reconstruction 
procedure after PD regardless of the size of the pancreatic duct 
unless the duct opening cannot be recognized on the pancre-
atic stump or the involved surgeon is not comfortable doing a 
DTMPJ. For the outer sutures, the pancreatic capsule is sutured 
to the jejunal serosa using a modified Blumgart’s technique (see 
below) [17-19]. However, the small pancreatic duct presents a 
big challenge for DTMPJ; the smaller the pancreatic duct, the 
more difficulty the anastomosis procedure and the higher the 
risk of POPF. Traditionally a pancreatic duct size of ≤ 5 mm 
is regarded as a small duct and a duct size ≤ 3 mm a high-risk 
factor for POPF [20,21]. So far, there is no safe pancreatic duct 
size limit for DTMPJ in regard to POPF that has been report-
ed. The objective of this study is to evaluate whether there is a 
pancreatic duct size below which the POPF rate increases sig-
nificantly after DTMPJ. 

PATIENTS AND METHODS

A retrospective study was performed from a database of pro-
spectively collected data on consecutive patients undergoing 
PD, with special emphasis on POPF in relation to pancreatic 
duct size. Data collected included patient demographics, oper-
ative characteristics, histological diagnosis, and postoperative 
outcomes. The study was approved by the Joint Chinese Uni-
versity of Hong Kong, New Territories East Cluster Clinical 
Research Ethics Committee (CREC No. 2020.628).

Between the years 2003 and 2019, a total of 307 consecutive 
PD were done in our center. Six emergency PD operations that 
were done following pancreaticoduodenal trauma or bleeding 
tumors were excluded from the study. Three PD which were 
hepatopancreaticoduodenectomy were excluded due to ultra- 
extent of surgery. Ten patients whose pancreatic anastomosis 
were not fashioned as DTMPJ, including 5 PG and 5 DPJ, were 
also excluded. Therefore, 288 PD with DTMPJ were analyzed 
in this study.

Pancreatic duct size was either retrieved from the operative 
record as measured by the operating surgeon during surgery or 
by measurement of the pancreatic duct size anterior to the su-
perior mesenteric vein at neck region on preoperative comput-
ed tomography (CT) or magnetic resonance imaging (MRI) in 
magnified view. The pancreatic texture was classified as either 
soft or hard as determined by the operating surgeon during 
surgery. POPF was defined and graded according to the 2016 
International Study Group for Pancreatic Surgery [4]. Compli-
cations were graded according to the Clavien-Dindo classifica-
tion [22]. Mortality was defined as death within 90 days after 
the operation [23].

Operative technique
Either a classical Whipple or a pylorus-preserving PD was 

performed depending on whether an oncological clearance 
could be achieved. Most operations were carried out using 
the traditional open approach though a few laparoscopic or 
robotic PD were attempted. All the operations were done by 
experienced pancreatic surgeons or trainees under supervision 
within the same team. In general, a DTMPJ was used for re-
construction of the pancreatic remnant to the gastrointestinal 
tract unless the pancreatic duct could not be identified or the 
surgeon was uncomfortable performing a DTMPJ. 

A modified Blumgart’s technique was used for anastomosis 
of the jejunal wall to the pancreatic stump. This technique fa-
cilitated the placement of posterior DTM stitches before the ap-
proximation of jejunal wall and pancreatic stump, which con-

Fig. 1. A Schematic drawing of the modified Blumgart’s technique. (A) Posterior layer of the outer transpancreatic U-sutures were placed. (B) Posterior 
layer of duct-to-mucosa interrupted stitches were tied after the U-sutures were tightened, anterior row of duct-to-mucosa stitches were inserted. (C) 
After the anterior row of duct-to-mucosa were tightened and tied, the anterior row of the outer U-suture were made. (D) Completed anastomosis after 
the U-sutures were tied.

A B C D



Kit-Fai Lee, et al.

https://doi.org/10.14701/ahbps.21-054

86

sisted of one to three (depending on the pancreatic stump size) 
outer transpancreatic U-sutures using 4/0 polyethylene, with 
the central one incorporating the pancreatic duct opening. The 
suture was passed through the whole pancreas from front to 
back at 1 cm from the cut edge. A seromuscular bite with a hor-
izontal mattress at the jejunum was made as the posterior layer 
and the same suture passed through the pancreas from back to 
front to complete the U-suture (Fig. 1A). The opening made on 
the jejunal wall should be tailored to the size of the pancreatic 
duct. DTM anastomosis was fashioned with interrupted 5/0 or 
6/0 polydioxanone sutures. The posterior row of DTM sutures 
was tightened and tied after the jejunal wall was approximat-
ed to the pancreatic stump by tightening the outer U-sutures 
(Fig. 1B). The jejunum was moved during the approximation 
process. Internal pancreatic duct stent was placed selectively. 
No external pancreatic drainage was used in this study. The 
anterior rows of DTM sutures were then completed. The trans-
pancreatic U-sutures were completed anteriorly by a seromus-
cular bite at the jejunum as a horizontal mattress (Fig. 1C, 1D). 
Prophylactic sandostatin was used in most of the cases. At the 
end of the operation, one tubal drain was placed in front and 
another one behind the PJ anastomosis. The drain f luid was 
collected and checked for amylase content on postoperative 
day 1, day 3, day 5, and whenever deemed necessary. Drain was 
removed on postoperative day 4 or 5 if the drain fluid was clear 
and the drain fluid amylase was low.

Statistical method
Continuous variables are presented in mean (standard de-

viation), whilst categorical variables are presented in number 
(percentage). Mann–Whitney U test was used in continuous 
variables, chi-squared test or Fisher’s exact test was used in cat-
egorical variables. To determine the pancreatic duct size which 
was predictive of the development of POPF, a univariate and 
multivariable analysis was performed with logistic regression 
for different pancreatic duct sizes. A p-value of less than 0.05 
was considered statistically significant. All statistical analyses 
were performed by IBM SPSS version 26 (IBM Corp., Armonk, 
NY, USA).

RESULTS 

Patient demographics and baseline characteristics
The patient demographics, preoperative investigation results, 

pathology findings, and operation details are shown in Table 
1. Details of the histological findings are presented in Sup-
plementary Table 1. The pancreatic duct size was obtained by 
measurement on CT (256 patients) or MRI (32 patients). The 
pancreatic duct size ranged from 1 mm to 12 mm with a medi-
an of 3 mm. The soft pancreatic texture was noted in 67.4% of 
patients. Majority of the patients (95.1%) received prophylactic 
Sandostatin perioperatively and an internal pancreatic stent 
was used in 13.5% of patients.

Operative outcomes
The operative outcomes are shown in Table 2. The overall 

pancreatic leak occurred in 56.3% of patients of which the 
majority were biochemical leaks (43.8%). Grade B and C pan-
creatic leak accounted for 8.7% and 1.4%, respectively. Overall 

Table 1. Patients’ demographics, preoperative investigation results, 
pathology findings, and operative characteristics (n = 288)

Characteristic Value

Age (yr) 63.5 ± 10.3
Sex (male : female) 166 (57.6) : 122 (42.4)
ASA
   1 46 (16.0)
   2 183 (63.5)
   3 59 (20.5)
Hemoglobin (g/dL) 12.2 ± 1.6
Platelet (× 109/L) 262.0 ± 91.9
White cell count (× 109/L) 6.9 ± 2.6
International normalized ratio 1.01 ± 0.08
Creatinine (µmol/L) 75.8 ± 22.1
Albumin (g/L) 36.3 ± 5.9
Bilirubin (µmol/L) 59.7 ± 93.6
Alkaline phosphatase (IU/L) 208.0 ± 201.8
Histological diagnosis
   Benign 54 (18.8)
   Malignant 234 (81.2)
   Carcinoma of pancreas 92 (31.9)
   Carcinoma of ampulla 62 (21.5)
   Cholangiocarcinoma 36 (12.5)
   Intraductal papillary mucinous tumor 22 (7.6)
   Carcinoma of duodenum 12 (4.2)
   Neuroendocrine tumor of pancreas 12 (4.2)
   Cystic neoplasm of pancreas 6 (2.1)
   Gastrointestinal stromal tumor 6 (2.1)
   Others 40 (13.9)
Pancreas texture
   Soft 194 (67.4)
   Hard 94 (32.6)
Operative approach
   Open 280 (97.2)
   Laparoscopic/robotic to open 4 (1.4)
   Robotic 4 (1.4)
Type of operation
   Standard Whipple 112 (38.9)
   Pylorus preserving pancreaticoduodenectomy 176 (61.1)
Vascular resection/reconstruction 14 (4.9)
Concomitant procedures 12 (4.2)
Pancreatic duct size (mm) 4.0 ± 2.2
Use of pancreatic internal stent 39 (13.5)
Prophylactic Sandostatin 274 (95.1)

Values are presented as mean ± standard deviation or number (%).
ASA: American Society of Anesthesiologists.
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operative morbidity was 51.4% of which 19.1% were major 
complications (Clavien-Dindo grade 3 or above). Seven (2.4%) 
patients underwent re-operation for PPH, anastomotic leak, or 
intestinal obstruction. 

Five patients died within 90 days after operation. One pa-
tient died of myocardial infarction on postoperation day 8. 
Two patients developed PPH secondary to pancreatic leak and 
although the bleeding stopped after arterial embolization, one 
patient died of liver failure and the other died of bowel isch-
emia afterward. One patient had portal vein thrombosis post-
operatively with re-operation; he died more than one month 
after surgery due to sepsis and bleeding. The last patient devel-
oped very early recurrent disease at two months postoperative-
ly with carcinomatosis and intestinal obstruction.

Postoperative pancreatic fistula
A comparison was made between 29 patients with a clinically 

significant pancreatic leak (grade B and C) and 259 patients 
without leak (Table 3). Patients who developed POPF had 
significantly softer pancreas (p  < 0.001), more carcinoma of 

Table 2. Operative outcomes (n = 288)

Variable Value

Operation time (min) 531.3 ± 83.2
Blood loss (mL) 740.3 ± 1,004.6
Blood transfusion 49 (17.0)
Complication 148 (51.4)
   Major (≥ grade 3) 55 (19.1)
   Minor (grade 1–2) 93 (32.3)
Pancreatic leak 162 (56.3)
   Biochemical leak 126 (43.8)
   Grade B 25 (8.7)
   Grade C 4 (1.4)
HJ leak 7 (2.4)
DJ/GJ leak 4 (1.4)
Chyle leak 11 (3.8)
Delayed gastric emptying 30 (10.4)
PPH 16 (5.6)
Postoperative interventions 50 (17.4)
   Re-operation 4 (1.4)
   Percutaneous drainage 27 (9.4)
   Arterial embolization 4 (1.4)
   EUS drainage 1 (0.3)
   OGD 4 (1.4)
   Re-operation + percutaneous drainage 1 (0.3)
   Re-operation + arterial embolization 2 (0.7)
   Arterial embolization + percutaneous drainage 4 (1.4)
   Arterial embolization + sigmoidoscopy 1 (0.3)
   OGD + percutaneous drainage 2 (0.7)
Postoperative hospital stay (day) 18.3 ± 12.5
Mortality 5 (1.7)

Values are presented as mean ± standard deviation or number (%).
HJ, hepaticojejunostomy; DJ, duodenojejunostomy; GJ, gastrojejuno-
stomy; PPH, postpancreatectomy haemorrhage; EUS, endoscopic 
ultrasound; OGD, oesophagogastroduodenoscopy.

Table 3. A comparison between patients with and without postoperative 
pancreatic fistula

Variable

Clinical significant pancreatic 
fistula p-value

No (n = 259) Yes (n = 29)

Study period 0.195
   Jan 2003 to Jun 2011 74 (93.7) 5 (6.3)
   Jul 2011 to Dec 2019 185 (88.5) 24 (11.5)
Age (yr) 63.3 ± 10.4 65.8 ± 8.9 0.213
Sex 0.611
   Male 148 (57.1) 18 (62.1)
   Female 111 (42.9) 11 (37.9)
ASA 0.489
   1 41 (15.8) 5 (17.2)
   2 167 (64.5) 16 (55.2)
   3 51 (19.7) 8 (27.6)
Hemoglobin (g/dL) 12.2 ± 1.6 12.7 ± 1.9 0.094
Platelet (× 109/L) 261.6 ± 89.8 264.8 ± 110.5 0.860
White cell count (× 109/L) 6.8 ± 2.4 7.8 ± 4.0 0.059
International 

normalized ratio 
1.01 ± 0.08 0.98 ± 0.07 0.116

Creatinine (µmol/L) 75.0 ± 21.7 83.3 ± 25.0 0.054
Albumin (g/L) 36.5 ± 5.8 35.1 ± 6.8 0.237
Bilirubin (µmol/L) 58.8 ± 91.2 67.9 ± 114.0 0.621
Alkaline phosphatase (IU/L) 213.1 ± 207.3 161.4 ± 135.2 0.199
Pancreas texture < 0.001*
   Soft 166 (64.1) 28 (96.6)
   Hard 93 (35.9) 1 (3.4)
Carcinoma of pancreas 88 (34.0) 4 (13.8) 0.027*
Pancreatic duct size (mm) 4.1 ± 2.2 3.2 ± 2.2 0.031*
Pancreatic duct size (mm)  

(exclude duct 
measurement by  
CT or MRI)

4.2 ±2.3 
(n = 230)

3.3 ± 2.3
(n = 26)

0.046*

Operative approach 0.577
   Open 252 (97.3) 28 (96.6)
   Laparoscopic/ 

   robotic to open
3 (1.2) 1 (3.4)

   Robotic 4 (1.5) 0 (0.0)
Concomitant procedure 10 (3.9) 2 (6.9) 0.345
Use of pancreatic stent 35 (13.5) 4 (13.8) > 0.999
Prophylactic Sandostatin 246 (95.0) 28 (96.6) > 0.999
Operative time (min) 530.1 ± 84.1 541.9 ± 74.5 0.472
Blood loss (mL) 697.2 ± 822.1 1,125.3 ± 1,986.5 0.260
Vascular resection 13 (5.0) 1 (3.4) > 0.999
Blood transfusion 52 (20.1) 9 (31.0) 0.171

Values are presented as number (%) or mean ± standard deviation.
ASA: American Society of Anesthesiologists.
*Statistically significant (p<0.05).
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the pancreas (p  = 0.027), and smaller pancreatic duct size (p 
= 0.031). Univariate and multivariable analysis for clinically 
significant POPF was done by logistic regression using differ-
ent pancreatic duct diameters. After excluding patients with 
hard pancreas who had a low risk of POPF, only a cut-off of 
pancreatic duct diameter ≤ 1 mm and > 1 mm was a significant 
predictive factor for POPF (p = 0.027; Table 4). It was a signif-
icant factor when the analysis included the hard pancreas (p 
= 0.028; Supplementary Table 2) or after excluding the 32 pa-
tients whose duct size were measured on CT or MRI (p = 0.036; 
Supplementary Table 3).

Fig. 2 shows the rate of POPF with different pancreatic duct 
sizes. Pancreatic duct size < 1 mm had the highest POPF rate 
while duct diameter > 4 to 5 mm had the lowest rate. When 
the POPF rate was compared between adjacent duct diameters, 
there was a significant difference between the ductal diame-
ter ≤ 1 mm and > 1 mm to 2 mm (35.7% vs. 13.3%; p = 0.040). 
However, the difference was insignificant when the 32 patients 
with CT or MRI duct size measurement were excluded from 

the analysis (p = 0.068; Supplementary Fig. 1A) or when the 94 
patients with hard pancreas were excluded from the analysis (p 
= 0.124; Supplementary Fig. 1B). 

DISCUSSION

The pancreaticoenteric anastomosis is regarded as the Achil-
les heel as it is the most important part of PD operation and if 
unsuccessful the results can be detrimental especially due to 
POPF. The risk of POPF varies among different patients. A soft 
pancreas with a small pancreatic duct < 3 mm are considered 
high-risk factors for POPF [24]. The commonly used Fistula 
Risk Score (FRS) derived by Callery et al. [21] incorporates 4 
baseline characteristics: pancreatic gland texture, pathology, 
pancreatic duct size, and intraoperative estimated blood loss of 
which the pancreatic duct size outscores the other three factors 
as the most important factor for POPF. It should be noted that 
in FRS there is a gradual increase in the risk of POPF with a 
gradual decrease in pancreatic duct size from ≥ 5 mm down to 
≤ 1 mm.

Although there was an average of only 17 to 18 cases per year 
in our institute, the operative outcomes in this series are com-
parable with high volume centers, with a 90-day mortality of 
1.7% and morbidity of 51.4% [25,26]. Clinical significant POPF 
occurred in 10.1% of the patients. Though there was no signif-
icant difference in the rate of POPF between the early and late 
periods of study, the POPF rate was higher in the late period of 
the study (Table 3). This was probably because more difficult 
cases were done in late period which could lead to increased 
pancreatic leak. PPH occurred in 5.6% of patients and seven 
patients (2.4%) required re-operation. Considering that the ma-
jority of our patients had a soft pancreas and the median pan-
creatic duct size was only 3mm, this study cohort represented a 
high-risk group of POPF. 

Based on the results of the logistic regression for POPF with 
different pancreatic duct sizes ≤ 1 mm and > 1 mm was a sig-
nificant factor for POPF, but pancreatic duct sizes of ≤ 2 mm or 

Table 4. Logistic regression for clinical significant pancreatic fistula with different pancreatic duct sizes cut off (excluding patients with hard pancreas)

Variable
Univariate Multivariable

Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

Pancreatic duct as continuous variable
   Carcinoma of pancreas 0.710 (0.199–2.537) 0.598 -
   Pancreatic duct size (mm) 0.940 (0.755–1.171) 0.581 -
Pancreatic duct (> 1 mm vs. ≤ 1 mm)
   Carcinoma of pancreas 0.710 (0.199–2.537) 0.598 -
   Pancreatic duct size (mm)
      ≤ 1 3.792 (1.168–12.311) 0.027* 3.792 (1.168–12.311) 0.027*
      > 1 - -

CI, confidence interval; -, not available.
*Statistically significant (p<0.05).

Fig. 2. The relationship between pancreatic duct size and clinical 
significant pancreatic fistula. *Statistically significant (p < 0.05).
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≤ 3 mm were not significant for POPF. A more detailed anal-
ysis of POPF rate versus different pancreatic duct sizes (Fig. 2) 
showed that a pancreatic duct size of ≤ 1 mm had a significant-
ly higher leak rate compared with others. Together all these re-
sults showed that for a pancreatic duct size of ≤ 1 mm, DTMPJ 
may not be a good choice of anastomosis. This is particularly 
because the DTM sutures were difficult to place in such an ex-
tremely small duct size. On the other hand, our results showed 
that for pancreatic duct size 2 or 3 mm, the DTMPJ efficiency 
and safety were comparable to that of larger duct size. In real 
life, for a duct size diameter of 2 mm, the circumference length 
would be 6.28 mm, this can accommodate 6 stitches at 1-mm 
apart. Therefore, anastomosis with surgical loupes, fine sutur-
ing instruments, and meticulous techniques, will have reduced 
challenges with enhanced efficiency and safety. However, a 
1 mm or less pancreatic duct, can only accommodate 3 or 4 
stitches and therefore it is technically extremely difficult to 
perform a DTM anastomosis, though 3 or 4 stitches are still 
required for the anastomosis.

Some authors have suggested the selection of different PJ 
techniques according to pancreatic texture and duct size, in 
brief, reserving DTM for duct > 5 mm [20]. In our experience, 
DTMPJ is still a reliable anastomosis in small ducts and the 
present study shows that it is safe for duct > 1 mm. However, 
for duct size < 1 mm, alternative techniques such as dunking or 
invagination PJ, binding PJ or PG should be considered since 
duct size does not add to the technical difficulties in these 
types of anastomosis [27-29]. Pancreatic duct occlusion with 
glue was also reported to be safe in the high-risk pancreatic 
stump with satisfactory early postoperative outcomes [30].

The main limitation of this study lies in its retrospective 
nature. Pancreatic duct size was not recorded by the operat-
ing surgeon in all the cases but was retrieved from the mea-
surements on the preoperative CT or MRI; this might cause 
a discrepancy with the actual duct size during anastomosis. 
Furthermore, the pancreas might be transected at a site more 
towards the tail region rather than at the pancreatic neck where 
measurement of duct size was made on CT or MRI. Neverthe-
less, separate analysis excluding patients whose duct size were 
derived from measurement on CT or MRI yielded results that 
were similar to the whole group of patients (Table 3, Supple-
mentary Table 3). The use of pancreatic stents and Sandostatin 
were not standardized in this study. Body mass index (BMI), 
which was a contributing factor for POPF and was included in 
an alternative risk score, was not recorded in our database [31]. 
Thus the impact of BMI on the incidence of POPF could not 
be evaluated. Finally, this study utilized one particular form 
of modified Blumgart’s technique for DTMPJ, the study result 
might not be applicable for other types of DTMPJ.

In summary, the present study showed that DTMPJ can be 
safely performed for pancreatic duct > 1 mm with a low risk 
of POPF. To the best of our knowledge, this is the first time a 
critical size of pancreatic duct was shown to affect the success 

of DTMPJ regarding the occurrence of POPF and this has an 
important bearing on how to handle the pancreatic stump after 
PD.

SUPPLEMENTARY DATA

Supplementary data related to this article can be found at 
https://doi.org/10.14701/ahbps.21-054.
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