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Abstract

Background:
Morbidity and mortality after pancreaticoduodenectomy (PD) have been associated with postoperative
pancreatic �stula (POPF). Pancreatic anastomosis is challenging for most surgeons, and there is no universal
or standardized technique. This study compared the incidence of POPF between the pair-watch suturing
technique (PWST) and duct-to-mucosa pancreaticojejunostomy (PJ) anastomosis technique.

Methods:
This retrospective cohort analysis included 71 patients who underwent a PD between January 2009 and
October 2018. The incidence and risk factors of complications after PWST and duct-to-mucosa PJ
anastomoses were compared.

Results:
There was no signi�cant difference in the incidence of POPF between the PWST (n = 7; 30.4%) and duct-to-
mucosa PJ (n = 9; 18.7%) groups. The tumor site (p = 0.001) and pancreas density on computed tomography
without contrast (p = 0.002) were signi�cantly different between the groups. Age ≥ 60 years (odds ratio (OR):
11.07; 95% con�dence interval (CI): 1.14–107.36; p = 0.038) and pancreatic body mass/duct size (B/W) ratio
(OR: 1.41; 95% CI: 1.04–1.91; p = 0.029) were identi�ed as signi�cant risk factors for POPF. International Study
Group for Pancreatic Fistula grade B POPF, wound infections, and pneumonia occurred more frequently in
patients who underwent a duct-to-mucosa PJ anastomosis. However, the postoperative complications were
not signi�cantly different between the groups.

Conclusions:
The incidence of clinically relevant POPF was similar between patients who underwent the PWST and those
who underwent a duct-to-mucosa PJ anastomosis. However, a preoperative risk factor assessment for the
evaluation of tumor site, patient age, and B/W ratio could help determine which surgical technique should be
used in individual patients.

Background
The standard surgery for patients with resectable and curable periampullary tumors that include the head of
the pancreas, distal bile duct, duodenum, and ampulla is a standard pancreaticoduodenectomy (PD). PD is
associated with high morbidity and mortality rates of approximately 30–50%. 1 Postoperative pancreatic
�stula (POPF) is a common postoperative complication occurring in 12.9% of patients undergoing PD 2 that
can lead to death. Several techniques have been developed to reduce the incidence of POPF, though these
techniques are complicated and distinctive. 3 The main site of POPF is believed to be the pancreatic
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anastomosis with the small intestine. 4 The two most-used techniques for the pancreatojejunostomy (PJ)
anastomosis include the invagination anastomosis and the duct-to-mucosa anastomosis. 5 The reported
incidence of POPF after duct-to-mucosa anastomosis (4.2%) is lower than that after invagination anastomosis
(26.4%). 6 The duct-to-mucosa anastomosis technique reduces postoperative pancreatic duct dilatation and
atrophy more effectively than the invagination anastomosis technique. However, no standard technique for
reducing the incidence of pancreatic leakage has been accepted. 2

A 2015 review of surgical anastomoses described the pair-watch suturing technique (PWST) that can be used
to achieve a PJ anastomosis during PD. 5 The PWST is less complicated than other techniques and results in a
secure anastomosis for a pancreatic duct of any size. Minimal severe complications have been reported after
PD with the PWST. This retrospective cohort study aimed to compare the incidence of POPF between patients
who underwent PD using the PWST and duct-to-mucosa anastomosis techniques.

Methods

Patients
A total of 71 patients who were diagnosed with periampullary tumors, including adenocarcinomas, endocrine
tumors, and intraductal papillary mucinous neoplasms, or other tumors that required PD, at the Department of
Surgery, Bhumibol Adulyadej Hospital between January 2009 and October 2018 were enrolled in this study. All
diagnoses were con�rmed using helical computed tomography (CT) and endoscopic retrograde
cholangiopancreatography. Patients with distant metastases, local unresectable lesions, or gastric
involvement were excluded from the study. Prior to 2017, a duct-to-mucosa PJ anastomosis was used
exclusively by multiple surgeons at our institution. After 2017, the PWST was performed by a single surgeon at
our institution. Patients were divided into two groups according to the anastomosis technique used during PD:
duct-to-mucosa PJ anastomosis (Group A, n = 48) and PWST (Group B, n = 23). Data regarding the patients’
characteristics, preoperative data, and postoperative complications were retrospectively collected.

Anastomosis types

Duct-to-mucosa PJ anastomosis
A conventional duct-to-mucosa anastomosis was performed, as previously described. 7 Approximately 6–8
absorbable interrupted sutures (Novasorb™3 − 0, Novamedic, Thailand) were placed between the posterior
surface of the pancreas and the seromuscular layer of the jejunum. Subsequently, the jejunum was opened
using an electrocautery device, and the pancreatic duct and jejunal mucosa opening were �xed with
approximately 6–8 absorbable interrupted sutures (Novasorb™4 − 0, Novamedic) over the stent to form an end-
to-side anastomosis. The anterior surfaces of the pancreas and jejunum were then approximated with
absorbable interrupted sutures (Novasorb™3 − 0, Novamedic) in a process similar to that used on the posterior
surface.

PWST
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The PWST was performed as previously described by Azumi et al. 5 After su�cient pancreatectomy and
mobilization of the pancreas, an end-to-side PJ was conducted as a two-layer anastomosis including duct-to-
mucosa and pancreatic parenchymal to jejunal seromuscular anastomoses. A surgical scope with a
magni�cation of 1.5–2.5 was used. A N0.5 over-feeding tube was used, and the opening side of the jejunal
mucosa was regarded as the left side of a watch while the pancreatic duct was regarded as the right side. The
duct-to-mucosa anastomosis at the posterior side was performed �rst using absorbable interrupted sutures
(PDS™5 − 0, Ethicon) from the 9 o’clock position of the pancreatic site and the three o’ clock position of the
jejunal site using an outside sutured knot. Then, the posterior surface of the pancreas was matched and
sutured from the 6 o’clock position to the 12 o’clock position. The pairs remained hanging after suturing. Next,
the pancreatic site was sutured on the anterior side from the 1 o’clock position to the 5 o’clock position, and
each pair hung before being sutured to the jejunum side (Fig. 1). The pairs were then tied for approximation,
from the posterior side of the pancreas to the anterior side of the jejunum (Fig. 2). Subsequently, the
pancreatic parenchyma and seromuscular of the jejunum were sutured with absorbable interrupted sutures
(Novasorb™4 − 0, Novamedic).

De�nition of POPF
POPF was de�ned as the presence of measurable output drainage �uid with an amylase level greater than
three times the upper institutional normal serum amylase. Examinations to diagnose POPF were conducted on
postoperative days 3, 5, and 7. The severity of POPF was classi�ed into clinically relevant grades (A, B, and C),
according to the International Study Group on Pancreatic Fistula (ISGPF). This grading system of POPF was
based on parameters, such as clinical condition, treatment used, imaging study results, persistent drainage, re-
operation, death, infection signs, and readmission. 7

Statistical analysis
All statistical analyses were conducted using SPSS software (version 27, IBM Corp., Armonk, NY, USA).
Continuous data are presented as mean ± standard deviation and categorical variables as frequency or
percentage. The Mann-Whitney U-test was performed to compare continuous data with asymmetrical
distribution, and independent t-tests were performed to compare continuous data with symmetric distribution.
The chi-square and Fisher’s exact tests were performed to compare categorical variables. Univariate and
multivariate analyses and binary logistic regression analyses were performed to analyze the risk factors
associated with the development of POPF. Variables with p-values of < 0.2 in univariate analysis were included
in multivariate analysis. Statistical signi�cance was set at a p-value of < 0.05.

Results

Patient characteristics

Overall, 48 patients who underwent a duct-to-mucosa PJ anastomosis and 23 patients who

underwent the PWST for anastomosis were included in this study. The tumor site was

significantly different between the groups (p=0.001), with a higher proportion of patients in the

duct-to-mucosa anastomosis group with tumors of the ampulla (n=24; 53.5%) and in the PWST
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group with tumors of the pancreatic head (n=15; 68.2%) (Table 1). The duct-to-mucosa

anastomosis group had a significantly higher pancreatic density (38 ±7.4) than the PWST group

(35.8 ± 15.6) on non-contrast CT (p=0.002).  The patients’ age, sex, body mass index (BMI),

diagnoses, and preoperative and postoperative evaluations were not significantly different

between the groups (Table 1).

 

Incidence and risk factors of POPF

The incidence of POPF was not significantly different between the groups (Table 2). Patients

with POPF had a smaller main pancreatic duct (median: 2.7 mm; range: 1.9–2.9 mm) than those

without POPF (median: 3.4 mm; range: 2.3–6.1 mm), though the difference was not significant.

In the univariate analysis, tumor site, patient age, BMI, presence of diabetes mellitus, presence

of cardiovascular disease, history of cholangitis, preoperative biliary drainage, serum albumin,

main pancreatic duct size, the ratio of the body mass of the pancreas/pancreatic duct size (B/W

ratio), operative time, estimated blood loss, and diagnosis were not identified as risk factors for

POPF. In the multivariate logistic regression analysis, patient age ≥60 years (odds ratio (OR):

11.07; 95% confidence interval (CI): 1.14–107.36; p=0.038) and B/W ratio (OR: 1.41; 95% CI:

1.04–1.91; p=0.029) were identified as significant risk factors for POPF.

 

Postoperative complications

More patients who underwent duct-to-mucosa PJ anastomoses had ISGPF grade B POPF,

wound infections, and pneumonia than those who underwent PWST anastomoses, though there

were no significant differences in postoperative complications between the groups (Table 3). No

patient had pancreatitis, haemobilia, or ulcers. 

Discussion
The incidence of POPF after duct-to-mucosa PJ anastomoses was similar to that after PWST anastomoses in
this study. These results are consistent with those reported by Rajesh et al., who found no differences in the
POPF rates among patients who underwent various PJ techniques. 8,9 These results suggest that the PWST or
duct-to-mucosa PJ anastomoses can be performed based on the patient’s condition.

Another previous study reported similar POPF rates between duct-to-mucosa anastomoses and invagination
anastomoses. 10 While several studies have reported that the invagination technique results in superior
outcomes for patients requiring high-risk anastomoses, 9,11 others reported that the invagination technique is
not superior to duct-to-mucosa anastomoses for the reduction of POPF, although the rate of clinically relevant
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POPFs was reduced. 12 These results are consistent with the fact that invagination anastomosis is an easier
technique during surgeries involving small pancreatic ducts. 13 However, studies have reported that the rate of
clinically relevant POPF is lower in patients treated with duct-to-mucosa anastomoses. 10 Callery et al. reported
that the reconstruction of the pancreatic remnant via PJ resulted in a lower incidence of POPF than the
reconstruction via pancreaticogastrostomy and that the duct-to-mucosa anastomosis technique resulted in a
lower rate of POPFs. 14 An important risk factor for POPF is the pancreatic duct size; in particular, pancreatic
duct size < 3 mm is a risk factor for POPF. 10 These previous results are consistent with those of this study, in
which patients in the POPF group had a smaller median pancreatic duct and a higher rate of POPF. In this
study, patients who underwent duct-to-mucosa anastomoses had a lower rate of ISGPF grade A POPF (22.2%
vs. 42.8%) and a higher rate of ISGPF grade B POPF (66.7% vs. 42.9%). The use of the PWST may reduce the
severity and clinical relevance of POPF. As the selection of surgical techniques for high-risk anastomosis is
dependent on several factors, the surgeon must decide which technique to use in each patient. The PWST is
less complicated and provides reliable anastomoses for patients with a variety of pancreatic duct sizes. 5

Future studies comparing the invagination and PWST anastomosis techniques in small pancreatic ducts are
required. As POPF is a severe complication that is associated with speci�c surgical techniques, the use of the
appropriate anastomosis technique may reduce the incidence of POPF. 15 The development of a standardized
technique for PD may reduce the incidence of POPF, 16 although no currently available technique has been
proven to reduce the incidence of POPF after PD. 17

In this study, most patients undergoing PD prior to 2017 had ampullary tumors (53.5%), while most patients
undergoing PD after 2017 had pancreatic head tumors (68.2%). A previous study reported that pancreatic
head tumors had signi�cantly decreased incidences of POPF, which may be due to the parameters associated
with in�ammation of the parenchyma or obstruction of the pancreatic duct leading to pancreatic �rmness. 18

However, a soft pancreas has been associated with fatty in�ltration. A small main pancreatic duct has also
been associated with clinically relevant POPF after PD. 19 Although a higher rate of POPF was observed in the
PWST group in this study due to a higher rate of pancreatic head tumors, the mean pancreatic density in the
PWST group was less than that in the duct-to-mucosa anastomosis group. These results may be because
pancreatic density on CT with lower attenuation implies higher fat accumulation, 20 and a soft pancreas is a
risk factor for POPF. In this study, patients aged ≥ 60 years had a higher risk of POPF, which is consistent with
the �ndings of previous studies. 21,22 Non-modi�able factors (age, BMI, and comorbidities), pathological
factors (histotype, gland texture, and duct size), perioperative bleeding, and blood transfusions during surgery
have been associated with POPF risk. 15 However, in this study, only patient age and B/W ratio were identi�ed
as risk factors for POPF. One study reported using preoperative CT to predict the development of POPFs
according to duct size. 23 Another study reported that the largest single risk factor for POPF is narrowing of the
pancreatic duct. 24 The B/W ratio can be used to predict the incidence of POPF. 25 These previous reports are
consistent with the results of this study regarding B/W ratio.

This study has some limitations, including its retrospective nature. In addition, the tumor sites were
signi�cantly different between the two groups, which may have led to a selection bias. However, this study
also identi�ed other risk factors for POPF than previously reported. These results may be useful for the
development of preoperative risk assessments, although some surgeons require pancreatic pathology and
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other perioperative data regarding the tumor site prior to determining the appropriate surgical technique for
each patient.

Conclusions
The incidence of POPF was not signi�cantly different between patients who underwent duct-to-mucosa and
PWST anastomoses. To select suitable surgical techniques and reduce the incidence of POPF, the tumor site,
pancreatic density, and B/W ratio should be considered. Future prospective studies with larger populations are
necessary to determine the best technique to achieve pancreatic anastomosis during PD.
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Tables

 

Table 1. Patient characteristics

 

Data are presented as mean ± standard deviation, median (range), or number (percentage).

Abbreviations: BMI, body mass index; IPMN, intraductal papillary mucinous neoplasm; TB, total
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Total

(n=71)

Duct-to-

mucosa

anastomosis

(n=48)

Pair-watch suturing

technique

(n=23)

 

p

Age (years) 60.9±12.0 60.9±11.9 61.0±12.7 0.957†

Sex (male) 45 (63.4) 33 (68.8) 12 (52.2) 0.175*

BMI (kg/m2) 22.6±4.0 22.4±3.9 23.0±4.2 0.587†

Diagnosis

  Adenocarcinoma

  Endocrine tumors

  IPMN

  Other

 

60 (84.5)

1 (1.4)

1 (1.4)

9 (12.7)

 

43 (89.6)

0 (0.0)

1 (2.1)

4 (8.3)

 

17 (73.9)

1 (4.4)

0 (0.0)

5 (21.7)

 

0.127**

Biliary drainage 35 (49.3) 22 (45.8) 13 (56.5) 0.399*

History of cholangitis 21 (29.6) 14 (29.2) 7 (30.4) 0.913*

Hypertension 34 (47.9) 22 (45.8) 12 (52.2) 0.617*

Diabetes 19 (26.8) 15 (31.3) 4 (17.4) 0.217*

Cardiologic disease 4 (5.6) 3 (6.3) 1 (4.4) 1.000**

Smoking 15 (21.1) 10 (20.8) 5 (21.7) 1.000**

Alcohol consumption 12 (16.9) 9 (18.8) 3 (13.0) 0.739**

History of abdominal

operation

7 (9.9) 4 (8.3) 3 (13.0) 0.674**

Serum albumin (g/dL) 3.7±0.6 3.7±0.6 3.8±0.6 0.460†
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Serum TB ≥ 3 (mg/dL) 24 (33.8) 18 (37.5) 6 (26.1) 0.341*

Hb < 10 (g/dL) 8 (11.3) 6 (12.5) 2 (8.7) 1.000**

Operative time (min) 432 (365,

505)

432 (354,

537)

430 (382, 480) 0.985‡

EBL (ml) 700 (500,

1500)

700 (500,

1550)

800 (500, 1500) 0.730‡

Pancreatic stent replacement

(n=69)

  65 (94.2)   42 (91.3)   23 (100.0)  0.293*

Tumor site (n=67)

  Ampulla

  CBD

  Duodenum

  Periampullary

  Pancreas head

  Gall bladder 

 

27 (40.3)

8 (11.9)

3 (4.5)

5 (7.5)

23 (34.3)

1 (1.5)

 

24 (53.3)

7 (15.6)

2 (4.4)

3 (6.7)

8 (17.8)

1 (2.2)

 

3 (13.6)

1 (4.6)

1 (4.5)

2 (9.1)

15 (68.2)

0 (0.0)

 

0.001**

Blood transfusion (ml)  250 (0,

630)

267 (0, 630) 203.5 (0, 754) 0.371‡

Length of stay (days) 21.6±17.5 23.1±20.1 18.5±10.1 0.597‡

 

Preoperative CT scan

Pancreatic body thickness (B,

mm)

Main pancreatic duct size (W,

mm)

 

18.3±5.1

2.9 (2, 5.4)

5.8 (3.3,

8.7)

 

17.6±4.5

3.2 (1.8,

5.6)

 

19.1±5.6

2.8 (2.3, 3.9)

6.6 (4.3, 8.6)

35.8±15.6

 

0.356

0.884‡

0.592‡
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Body thickness/duct size ratio

(B/W ratio)

Pancreas density 

(without contrast (HU))

Pancreas density

(portal phase (HU))

Subcutaneous fat thickness

(mm)

37.1±11.5

 

88.8±16.2

 

14.3 (8.9,

19.8)

5.4 (3.2,

8.7)

38±7.4

 

90.1±13.8

 

13.1 (8.6,

18.8)

 

87.1±19.2

 

16.8 (12.3, 20.8)

0.002

 

0.144

 

0.331‡

bilirubin; Hb, hemoglobin; EBL; estimate blood loss; CBD, common bile duct; CT, computed

tomography; HU, Hounsfield units.

* Chi-square test, ** Fisher’s exact test,   Independent t-test (mead ±SD), ‡Mann-Whitney U-test

(median (IQR))

 

 

Table 2. Factors associated with postoperative pancreatic fistulas 

Data are presented as median (range) or number (percentage). 

Abbreviations: POPF, postoperative pancreatic fistula; CBD, common bile duct; GB, gall

bladder; BMI, body mass index; EBL, estimate blood loss; IPMN, intraductal papillary mucinous

neoplasm. 

Goodness of fit test=0.209, ROC=0.815

 

 

Table 3. Postoperative complications 
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    Univariate

analysis

  Multivariate

analysis

 

No POPF

 

(n=55)

POPF

 

  (n=16)

 

Odds ratio

(95%

confidence

interval)

 

 

 

P

 

Adjusted

odds ratio

(95%

confidence

interval)

 

p

Tumor site

CBD/Duodenum/GB

Ampulla/Periampulla/

Pancreas head

 

10 (83.3)

43 (78.2)

 

2 (16.7)

12 (21.8)

 

ref

1.40

(0.27–

7.25)

 

 

0.692

 

 

 

 

 

 

Technique            

Pair-watch suturing

technique

16 (69.6) 7 (30.4) ref   ref  

Duct-to-mucosa

anastomosis

39 (81.3) 9 (18.7) 0.53

(0.17–

1.66)

0.274 1.14 (0.23–

5.60)

0.873

Age (years)            

     <60 25 (86.2) 4 (13.8) ref   ref  

     ≥60 30 (71.4) 12 (28.6) 2.50

(0.72–

8.72)

0.151 11.07

(1.14–

107.36)

0.038

BMI ≥ 23 (kg/m2) 23 (69.7) 10 (30.3)      2.32

(0.74–

7.29)

0.150    
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Diabetes mellitus 16 (84.2) 3 (15.8) 0.56

(0.14–

2.24)

0.415    

Cardiovascular

disease

3 (75.0) 1 (25.0) 1.16

(0.11–

11.94)

0.903    

History of cholangitis            

No 40 (80.0) 10 (20.0) ref   ref  

Yes 15 (71.4) 6 (28.6) 1.6 (0.49–

5.17)

0.432 2.40 (0.27–

21.28)

0.432

Preoperative biliary

drainage

28 (80.0) 7 (20.0) 0.75

(0.24–

2.30)

0.615    

Serum Albumin

(g/dL)

  <3

     ≥3

 

9 (100.0)

46 (74.2)

 

0 (0.0)

16 (25.8)

 

 

N/A

 

 

N/A

   

Serum total bilirubin

(mg/dL)

           

  <3  33 (70.2) 14 (29.8) 4.67

(0.96–

22.58)

0.056 3.97 (0.49–

31.98)

0.196

     ≥3 22 (91.7) 2 (8.3) ref   ref  

Main pancreatic duct

size (mm)

3.4 (2.3,

6.1)

2.7 (1.9, 2.9) 0.61

(0.36–

1.05)

0.074    
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Pancreatic body/duct

size ratio

2.6 (0, 5.7) 6.1 (0, 7.8) 1.22

(0.98–

1.53)

0.079 1.41 (1.04–

1.91)

0.029

Operative time ≥ 360

min

42 (76.4) 13 (23.6) 1.34

(0.33–

5.44)

0.681    

EBL ≥ 1000 ml 20 (69.0) 9 (31.0) 2.25

(0.73–

6.97)

0.16    

Blood transfusion

(ml)

264(0,748) 209.5(0,330.5)      0.99

(0.99–

1.00)

0.219    

Diagnosis

Endocrine

tumors/IPMN/other

Adenocarcinoma

 

6 (54.5)

 

49 (81.7)

 

5 (45.5)

 

11 (18.3)

 

Ref

 

0.27

(0.07–

1.04)

 

 

 

0.058
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Postoperative

complication

Total

(n=71)

Duct-to-mucosa

anastomosis

(n=48)

Pair-watch suturing

technique

(n=23)

 

p

POPF 16

(22.5)

9 (18.7) 7 (30.4) 0.270**

POPF-related death 2 (2.8) 1 (2.1) 1 (4.4) 0.546**

ISGPF grade of POPF

  A

  B

  C

 

5 (31.3)

9 (56.3)

2 (12.5)

 

2 (22.2)

6 (66.7)

1 (11.1)

 

3 (42.8)

3 (42.9)

1 (14.3)

 

0.780**

Wound infection 16

(22.54)

13 (27.1) 3 (13.0) 0.185*

Intra-abdominal

abscess

3 (4.2) 2 (4.2) 1 (4.3) 1.000**

Cardiac event 3 (4.23) 3 (6.3) 0 (0.0) 0.546**

Bile leakage 2 (2.82) 1 (2.1) 1 (4.3) 0.546**

Pneumonia 7 (9.86) 6 (12.5) 1 (4.3) 0.415**

Lymphatic leakage 2 (2.82) 0 (0.00) 2 (8.7) 0.102**

Data are presented as number (percentage). 

Abbreviations: POPF, postoperative pancreatic fistula; ISGPF, International Study Group on

Pancreatic Fistula.

* Chi-square test, ** Fisher’s exact test

Abbreviations
LIST OF ABBREVIATIONS
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BMI, body mass index

CT, computed tomography

CI, con�dence interval

ISGPF, International Study Group on Pancreatic Fistula

OR, odds ratio

PD, pancreaticoduodenectomy

PJ, pancreaticojejunostomy

POPF, postoperative pancreatic �stula

PWST, pair-watch suturing technique

Figures

Figure 1

Step-by-step pair-watch suturing technique. After the posterior wall was sutured orderly from 1 to 7, only the
pancreatic site of the anterior wall was sutured from 8 to 12. Then the posterior wall sutures were tied, and the
anterior wall was sutured to the jejunal site and tied.
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Figure 2

Intraoperative photograph of pair-watch suturing technique. a: An intraoperative image shows the pair-watch
suturing technique (PWST) after 12 stitches have been sutured before the posterior knot is tied. b: The
anastomosis is shown after the posterior surface of the duct-to-mucosa portion of the PWST has been
approximated (green arrow). c: The anterior surface of the duct-to-mucosa portion of the PWST is
approximated. The pancreatic parenchyma has not yet been sutured to the jejunal seromucosa. Black arrow:
Jejunum side. Asterisk: Pancreatic remnant side.


