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Abstract
Background Pancreaticojejunostomy, an independent risk factor for pancreatic fistula, is the cause of several postoperative 
complications of pancreaticoduodenectomy. As suturing in minimally invasive surgery is difficult to perform, more simpli-
fied methods are needed to guarantee a safe pancreatic anastomosis. The concept of “biological healing” proposed in recent 
years has changed the conventional understanding of the anastomosis, which recommends rich blood supply, low tension, 
and loose sutures in the reconstruction of the pancreatic outflow tract.
Methods A literature search was conducted in PubMed for articles on pancreaticojejunostomy published between January 
2014 and December 2021. After following a due selection process, several techniques developed in accordance with the 
concept of biological healing that were found suitable for minimally invasive surgery and their related clinical outcomes 
were described in this review.
Results The incidence of clinically relevant pancreatic fistula associated with the presented techniques did not exceed 15.9%, 
indicating superior results compared to Cattell–Warren double-layer duct-to-mucosa anastomosis (incidence: approximately 
20%). The features and drawbacks of these approaches have been enumerated from the viewpoint of biological healing.
Conclusions This review described several modified pancreaticojejunostomy techniques with the advantages of a simplified 
procedure and a lower incidence of pancreatic fistula. Surgeons can choose to apply them in clinical practice to improve 
patient prognosis.

Keywords Pancreaticojejunostomy · Pancreaticoduodenectomy · Pancreatic fistula · Minimally invasive surgery

Introduction

Pancreaticoduodenectomy (PD) is a technically demanding 
surgery that involves multiple procedures to resect tumors in 
the pancreatic head and surrounding areas.1,2 Despite dec-
ades of technological advancement, the incidence of post-
operative complications remains high, ranging from 30 to 
50%.3,4 Postoperative pancreatic fistula (POPF), one of the 
most serious complications of PD, has a high incidence of 
3 to 45%.5,6 Pancreatic juice exuded from the anastomotic 
stoma may corrode the stumps of the gastroduodenal arteries 
and other vessels, forming pseudoaneurysms with second-
ary hemorrhage, and leading to an increase in postoperative 

mortality.7 Studies have shown that the occurrence of POPF 
is related to several factors, such as the texture of the pan-
creas, blood supply to the tissues, the diameter of the main 
pancreatic duct (MPD), and pancreaticojejunostomy (PJ),8 
among which PJ is an independent risk factor for POPF.9 
Currently, there are more than 100 PJ techniques reported 
in the literature; nevertheless, none of them have been rec-
ognized as the gold-standard method to prevent pancreatic 
fistula.

Biological healing is a novel concept of PJ proposed by 
numerous surgeons in recent years.10–13 Regarding innova-
tion, this theory emphasizes that excessive sutures are not 
conducive to the coalescence of anastomotic stoma and may 
even increase the risk of POPF. For example, if the needle 
distance is too near, the blood supply of the pancreatic rem-
nant will be  destroyed10,11,14; if there are too many sutures of 
the MPD, pancreatic juice seeping out of the pinholes may 
corrode the vascular stumps resulting in secondary hemor-
rhage.11,15,16 Furthermore, if the sutures are overtightened, 
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the shear force of strings may lead to pancreatic edema and 
necrosis.10,11,17 Therefore, instead of pursuing mechanical 
tightness alone, we should consider factors such as the blood 
supply of the tissues, tension of the anastomotic stoma, heal-
ing of the pancreatic stump, and recovery of digestive func-
tion. “Wide, loose, and sparse” anastomosis has been recom-
mended as a new goal for PJ.10–12

On the other hand, with the rapid development of 
enhanced recovery after surgery, minimally invasive surger-
ies have been widely performed in diverse areas. However, 
the PD procedure is relatively complex, with massive resec-
tion and reconstruction of the digestive tract. Particularly in 
PJ, the fulcrum effect of manipulation and poor hand–eye 
coordination further increases the difficulty in placing 
sutures via laparoscopy, which has reportedly hindered the 
development of minimally invasive pancreaticoduodenec-
tomy (MIPD).18,19 Therefore, this study presents modified 
techniques that have been developed in accordance with the 
concept of biological healing, which simplifies the proce-
dure and contributes to a lower incidence of postoperative 
complications. Surgeons can select preferred techniques and 
apply them to pancreatic anastomosis in MIPD.

Materials and Methods

A literature search was conducted in PubMed using the fol-
lowing keywords: “pancreaticojejunostomy,” “pancreatic 
anastomosis,” and “pancreatic anastomotic technique.” This 
review focused on manuscripts published between January 
2014 and December 2021. Selected articles on modified PJ 
techniques and their associated clinical outcomes are listed 
in Table 1. Suture materials and the advantages and disad-
vantages of each technique are summarized in Table 2.

Results and Discussion

Cattell–Warren anastomosis (CWA) is a conventional and 
widely used duct-to-mucosa (DTM) PJ proposed by Cattell 
and Warren in 1956.20 By performing double-layer sutures, 
it forms a stable “mechanical connection” of the anastomotic 
stoma. However, since the method is relative complex and 
technically demanding, the incidence of POPF remains high 
according to the published studies (ranging from 17.8 to 
22.9%).16,21,22 Biological healing of PJ is a novel concept 
which promotes fewer sutures and simpler procedures in 
the anastomosis. On the premise of proper fixation, fewer 
sutures help to maintain richer blood supply, lower tension, 
and inflict less damage to the tissues, thus enhancing the 
“psychological healing” of the pancreaticointestinal epider-
mis.10–12 Under this background, several PJ methods that 
are conducive to biological healing, which perform fewer 

sutures and apply modified suturing techniques, with a 
reduced incidence of POPF compared with CWA, have been 
presented as follows.

Modified Duct‑to‑Mucosa Pancreaticojejunostomy

Single‑Layer Interrupted Pancreaticojejunostomy

CWA mainly applies double-layer sutures of the MPD with 
the jejunal mucosa layer, as well as the pancreatic capsule 
with the jejunal seromuscular layer. The procedure is com-
plex and inflicts great damage to the pancreas. In 2015, 
Zhang et al. reported a single-layer anastomotic technique 
termed six-stitch PJ (SPJ).23,24 The procedural details are 
as follows:

1. Double needles are inserted from the inner side of the 
MPD and the jejunal mucosa. The full thickness of the 
pancreatic parenchyma is sutured with the jejunum at a 
distance similar to the radius of the pancreas, and the 
knots are placed outside (Fig. 1a).

2. The anterior wall is sutured at intervals of 60° in the 
same manner, accomplishing PJ in 6 stitches (Fig. 1b, c).

Unlike double-layer anastomosis, this technique regards 
the pancreas as a hollow organ. All 6 sutures are finished 
in one step, resulting in a simpler procedure and shorter 
operative time. The anastomotic layers in this technique are 
reduced, alleviating compression between the pancreati-
cointestinal tissues and abating cutting damage to the pan-
creatic stump caused by shear force. More importantly, in 
the CWA method, pancreatic juice extravasated from the 
pancreas might be stored between the double layers and 
accumulate into major leaks. By contrast, single-layer PJ 
enables the exudates to be drained immediately into the 
abdominal cavity, thus lowering the occurrence of POPF.13 
However, disadvantages are that this technique is not suit-
able for soft pancreatic texture and thin MPD. Besides, if the 
MPD does not locate at central area of the pancreatic stump, 
the suturing of the tissues will not be symmetric, which may 
influences the stability of the anastomotic stoma.

Torres et al. reported the modified Heidelberg technique 
in 2017.25 Compared with SPJ, this technique integrates 
the concept of “clock-face” anastomosis, which regards the 
MPD as a clock and inserts 6 transpancreatic sutures at the 
2, 4, 6, 8, 10, and 12 o’clock positions. Additionally, circular 
running sutures between the pancreatic parenchyma and the 
jejunum seromuscular layer are added for further fixation.

Wei et al. reported a method almost identical to SPJ, 
termed “modified 1-layer DTM pancreaticojejunostomy” 
in a retrospective study in 2018, which compared this tech-
nique with double-layer DTM anastomosis.13 The final 
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results showed that the incidence of POPF was lower in 
the one-layer group.

Hong’s Single‑Stitch Duct‑to‑Mucosa 
Pancreaticojejunostomy

Hong’s single-stitch PJ is a DTM PJ technique reported by 
Hong et al. in 2017 that is based on T-tube drainage in bil-
iary surgery.26

1. The MPD and the drainage tube are penetrated with a 
single suture through the full thickness of the pancreas. 

Subsequently, a knot is tied around the tube for fixation 
(Fig. 2a).

2. A corresponding hole is made in the jejunum, and a 
purse-string suture is placed around the hole to fix the 
tube at the jejunal side (Fig. 2b).

3. Several figure-of-eight continuous full-layer sutures are 
placed to anastomose the pancreatic parenchyma with 
the jejunal seromuscular layer (Fig. 2c).27

The features of this method are that it places a sin-
gle-stitch penetrating suture to fix the drainage tube with 
the pancreas and that it uses the tube to divert pancreatic 
juice instead of placing DTM sutures. The mechanism of 

Fig. 1  Six-stitch pancreaticojejunostomy. a The posterior wall of the anastomotic stoma is fixed with 3 full-thickness interrupted sutures at inter-
vals of 60°. b The anterior wall is fixed in the same manner. c The interior view of the anastomosis from the intestinal lumen

Fig. 2  Hong’s single-stitch 
pancreaticojejunostomy. a A 
full-thickness penetrating suture 
is placed to fix the tube. b A 
purse-string suture is made 
around the small hole in the 
jejunum. c, d Several figure-
of-eight continuous full-layer 
sutures are placed to join the 
pancreas with the jejunum
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Hong’s PJ is similar to bridge catheter internal drainage, 
which reconstructs the pancreatic outflow tract through 
the healing of the pancreaticointestinal epithelium along 
the tube. Advantages of this technique include (1) the use 
of fewer sutures in the PJ minimizes damage to the tissues 
protecting the blood supply of the pancreatic stump; (2) 
the insertion of the tube ensures the patency of pancreatic 
juice outflow, thus preventing pancreatic leakage at the 
anastomotic stoma; and (3) the procedure is greatly simpli-
fied, making it especially suited for MIPD.

However, a disadvantage is that the penetrating suture 
inevitably destroys the integrity of the MPD. As a result, 
pancreatic juice may seep through the pinholes and cor-
rode the vascular stumps. Furthermore, surgeons must 
ensure proper fixation of the tube during the operation; 
its displacement may lead to a severe pancreatic fistula.

Du et al. explored the modified “8-character” suture 
method based on Hong’s PJ in 2019.28 In this technique, 
an “8-character” suture centered at the pancreatic stent 
is placed to maintain adhesion of the MPD with the tube 
in case of pancreatic leakage from the gap (Figure 3a). 
To ensure an enhanced fixation of the pancreatic stent, a 

penetrating suture similar to that in Hong’s PJ and a purse-
string suture around the hole on the jejunum are placed on 
both sides (Figure 3b, c). Finally, a circular running suture 
is made in the pancreatic parenchyma and jejunum sero-
muscular layer to accomplish external layer anastomosis.

Single‑Layer Continuous Suture Pancreaticojejunostomy

In 2018, Liu et al. reported the single-layer continuous 
suture (SCS) PJ technique for robotic pancreaticoduo-
denectomy.29 The main steps of the procedure are as 
follows:

1. Two horizontal figure-of-eight traversing sutures are 
placed to buttress the pancreas (Fig. 4a).

2. The full thickness of the pancreas is continuously 
sutured with the jejunal seromuscular layer from back 
to front, with a total of 4–6 stitches (Fig. 4b).

3. The suture is slowly tightened and tied with the spare 
thread of the figure-of-eight sutures to secure the anas-
tomosis (Fig. 4c).

Fig. 3  An “8-character” suture pancreaticojejunostomy. a An “8-character” suture is made around the main pancreatic duct. b–c A penetrating 
suture and a purse-string suture are placed to fix the pancreatic stent with the digestive tract at both sides

Fig. 4  Single-layer continuous suture pancreaticojejunostomy. a Two horizontal figure-of-eight traversing sutures are placed to buttress the pan-
creas. b, c A single-layer continuous full-thickness suture is placed to join the pancreas with the jejunum
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Robotic surgery lacks force feedback. Therefore, it 
is difficult to precisely control the force of intermittent 
sutures; both loose and overtightened sutures may lead 
to rupture or necrosis of the anastomotic stoma. Hence, 
SCS PJ applies continuous full-thickness sutures, which 
simplifies the procedure in robotic surgery and provides 
evenly distributed tension between the pancreas and jeju-
num. Furthermore, the insertion of the support tube for 
internal drainage replaces the DTM anastomosis and pro-
tects the integrity of the MPD without pinholes. Two fig-
ure-of-eight sutures also prevent bleeding and pancreatic 
fistula from the pancreatic stump.30 However, it should be 
noted that when placing full-thickness sutures, we should 
be careful not to accidentally injure the MPD. Moreover, 
tightening the sutures should be done slowly and cau-
tiously; otherwise, the shear force might result in cutting 
damage and postoperative hemorrhage.

In the same year, Liu et al. presented another version 
of SCS PJ, which places a circular running suture around 
the pancreatic parenchyma and the jejunal seromuscular 
layer.31 The DTM anastomosis is omitted by the support 
tube without fixation. The main advantage of this tech-
nique is that it is a greatly simplified procedure, regardless 
of pancreatic texture and MPD size. According to current 
data, on an average it takes only 7 min to accomplish this 
technique. However, circular running sutures may result 
in greater tension between the pancreas and jejunum than 
full-thickness sutures, which could lead to avulsion of the 
tissues. In addition, the sutures must be tight enough to 

fix the pancreatic remnants and eliminate the dead cavity. 
Furthermore, there is a risk of tube displacement.

Double‑Layer Continuous Suture Pancreaticojejunostomy

In 2018, Cai et al. proposed Bing’s PJ.32 The main proce-
dure includes the following:

1. A continuous running suture joining the pancreatic 
stump with the jejunal seromuscular layer is placed 
without tightening (Fig. 5a).

2. A plastic catheter of matched size is inserted into the 
MPD, and a figure-of-eight suture is placed to fix the 
posterior wall of the MPD with the jejunum (Fig. 5b).

3. A running suture is placed on the anterior wall of the 
MPD with the jejunum (Fig. 5c).

4. Suturing circularly between the pancreatic stump and the 
jejunal seromuscular layer is continued until the anasto-
motic stoma is completely closed (Fig. 5d).

Since intermittent sutures are time-consuming and tech-
nically demanding via laparoscopy, Bing’s PJ is advanta-
geous as it applies multi-layer continuous running sutures 
in the anastomosis, which are easy to perform with a well-
distributed force. Moreover, continuous sutures can tighten 
the anastomotic stoma constantly without leaving a dead 
cavity, thereby preventing the retention and extravasation 
of pancreatic juice.33 Because it is difficult to place sutures 
on the posterior wall of the MPD, the figure-of-eight suture 

Fig. 5  Bing’s pancreaticojeju-
nostomy. a A running suture 
to fix the posterior wall of the 
external layer. b A figure-of-
eight suture to fix the poste-
rior wall of the inner layer. c 
Another running suture to fix 
the anterior wall of the inner 
layer. d The first running suture 
is continuously sutured to fix 
the anterior wall of the external 
layer
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simplifies the procedure. A disadvantage is that four-layer 
sutures inflict great compression and damage to the pancrea-
ticointestinal tissues. Furthermore, the application of this 
technique is limited by the size of the MPD and the texture 
of the pancreas.

Ma et al. presented a modified laparoscopic DTM anasto-
motic technique similar to Bing’s PJ in 2021.34 However, this 
technique involves complete double-layer running sutures 
instead of a figure-of-eight suture on the posterior wall. A 
retrospective study conducted by this team showed that this 
technique had satisfactory clinical outcomes.

Modified Double Purse‑String Continuous Suture 
Pancreaticojejunostomy

Double purse-string continuous suture PJ is a novel tech-
nique reported by Ma et al. in 2021.35 The main procedure 
is as follows:

1. A support tube with several holes on the surface is 
inserted into the MPD.

2. A purse-string suture is placed around the MPD to fix 
the tube at the pancreas (Fig. 6a).

3. A circular continuous suture is placed to fix the poste-
rior wall of the pancreatic parenchyma and the jejunum 
seromuscular layer.

4. A suture is inserted from the anterior wall of the pan-
creas and pierced out at the pancreatic section behind the 
support tube. Afterwards, the suture is used to perform 
a purse-string suture around the incision in the jejunum 
without knotting. The suture is then reversed from the 
back of the tube and taken out through the anterior wall 
of the pancreas. Finally, the suture is knotted on the pan-
creas. Thus, a cross fixation similar to a figure-of-eight 
suture is made to complete the simplified DTM anasto-
mosis (Fig. 6b).

5. The anterior wall of the pancreas and the jejunum are 
sutured to close the external layer of the anastomotic 
stoma.

The purse-string suture in PJ has become a common anas-
tomotic method to simplify DTM sutures, lowering the dif-
ficulty of the procedure and inflicting little damage to the 
pancreas. With this technique, double purse-string sutures 
further strengthen the fixation of the inner anastomosis, 
thereby reducing the incidence of POPF. However, when 
placing purse-string sutures, special attention should be paid 
to avoid damaging the MPD, and the tube should be tightly 
fixed to the pancreas in case of displacement. Although 
holes on the catheter prevent obstruction of the outflow tract, 
pancreatic juice may also leak into the abdominal cavity and 
cause POPF.

In 2021, Zhou et al. reported the “three sutures” PJ, which 
also applies purse-string suture in the anastomosis.11 First, a 
U-shaped suture penetrating the pancreas is placed around 
the MPD, and the needles are preserved for further use after 
knotting (Fig. 7a). Then, circular continuous suturing of 
the pancreatic parenchyma and the jejunum seromuscular 
layer is performed to fix the posterior wall without knotting 
(Fig. 7b). Subsequently, a corresponding hole is made in the 
jejunum and a U-suture is used to make a 270° purse-string 
suture around the hole, which plays a role in pancreatic stent 
fixation (Fig. 7c). Finally, the anterior wall of the external 
layer is continuously sutured to close the anastomotic stoma 
(Fig. 7d).

Modified Blumgart Pancreaticojejunostomy

As a classic end-to-side duct-to-mucosa (DTM) technique, 
Blumgart PJ has no restrictions on the texture of the pancreas or 
the size of the MPD.36 Longitudinal U-sutures through the pan-
creas can minimize shear force and prevent laceration.37 How-
ever, due to its relatively complex procedure, modifications to 
this technique are still needed for wider applications in MIPD.

In 2014, Fujii et al. reported a modified Blumgart PJ tech-
nique with the following improvements:38

Fig. 6  Modified double 
purse-string continuous suture 
pancreaticojejunostomy. a A 
purse-string suture around 
the main pancreatic duct to 
fix the tube at the pancreas. b 
A second purse-string suture 
for simplified duct-to-mucosa 
anastomosis
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1. The number of U-sutures between the pancreas and jeju-
num is reduced from 4–6 to 1–3, which simplifies the 
procedure (Fig. 8a).

2. The original Blumgart PJ method places penetrating 
U-sutures through the parenchyma that are knotted on 
the pancreas; however, the modified method does not 
knot after suturing the pancreas. Instead, it continues to 
anastomose the anterior wall of the jejunal seromuscular 
layer with both ends of the needle (Fig. 8b). Finally, the 
knots are tied on the jejunum, completing the embedded 
“double-arm” mattress sutures (Fig. 8c).

The feature of this modified Blumgart PJ is the U-shaped 
“double-arm” mattress sutures, which facilitate the wrapping 

of the pancreatic stump by the jejunum, thereby lowering the 
risk of pancreatic juice extravasation. Additionally, since 
the strings are knotted at the jejunum, the shear force on the 
anterior and posterior walls is uniform, further reducing the 
cutting damage to the pancreas.

There are several other techniques similar to Fujii 
et al.’s PJ. Kobayashi et al. reported the COMPAS anasto-
mosis in 2021.15 The main difference is that the number of 
U-sutures is reduced to 2. They proposed that 2 sutures can 
provide enough tension to fix the PJ and that the reduced 
number of sutures lowers the risk of lateral injury. Li et al. 
reported another modified technique with the following 
improvements: first, the DTM anastomosis is replaced by 
an internal pancreatic duct stent without direct sutures, 

Fig. 7  Three sutures PJ. a A 
U-suture around the MPD 
with preserved needles. b A 
circular continuous suture of 
the pancreatic parenchyma and 
the jejunum seromuscular layer 
at the posterior wall. c A 270° 
purse-string suture around the 
hole on the jejunum to fix the 
pancreatic stent. d Another 
continuous running suture to fix 
the anterior wall

Fig. 8  Modified Blumgart pancreaticojejunostomy. a U-sutures of the 
pancreatic stump with the seromuscular layer of the jejunum. b After 
finishing the duct-to-mucosa anastomosis, the jejunum is continu-

ously anastomosed with the U-sutures at the anterior wall. c Knots 
are placed on the jejunum
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and second, the back-wall sutures are superimposed on 
each other to eliminate the gap between the posterior wall, 
further reducing the risk of pancreatic leakage.39 Kojima 
et al. reported a nearly identical method to Fujii et al.’s PJ 
termed the modified Blumgart anastomosis with the “com-
plete packing method,” which includes peritoneal lavage 
and wound dressing to reduce the incidence of POPF.40 
Menonna et al. presented a novel version of the Blumgart 
technique with additional modifications, which adds 2 half 
purse-string sutures at the corner of the pancreas to attach 
the pancreatic stump to the jejunum. They also agreed that 
2 U-sutures are sufficient to fix the anastomotic stoma and 
minimize damage to the pancreaticointestinal tissues.16

Poves et al. proposed a laparoscopic Blumgart PJ in 
2017.41 A feature of this technique is that after making 
U-sutures in the posterior wall, the suture ends are taken 

out of the trocars without knotting, and surgeons can sub-
sequently adjust the tensions of the sutures to control the 
distance and angle between the pancreas and jejunum. If 
the sutures are loosened, there will be more space to place 
the DTM sutures (Figure 9a). If the sutures are tightened, 
the pancreas will be drawn toward the jejunum, which 
makes it easier for surgeons to fix the knots, thus increas-
ing convenience under laparoscopy (Figure 9b).

Modified Invaginated Pancreaticojejunostomy

In 2018, Li et al. reported a modified invaginated PJ tech-
nique termed Jiang’s PJ with further improvements.42 The 
steps involved are as follows:

Fig. 9  Laparoscopic Blumgart 
pancreaticojejunostomy. a The 
sutures are loosened to increase 
the space for manipulation. 
b The sutures are tightened 
to close the gap between the 
pancreas and the jejunum

Fig. 10  Jiang’s pancreaticoje-
junostomy. a The pancreatic 
stump is sutured intermittently 
with several nylon sutures. b 
An incision corresponding to 
the pancreatic stump is made 
in the jejunum, and a purse-
string suture is placed nearby. 
c The pancreas is placed in the 
jejunum by pulling the nylon 
sutures from a small hole. d The 
purse-string suture is tightened, 
and 2–3 relaxation sutures are 
placed to fix the anastomotic 
stoma
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1. The pancreatic stump is sutured with several intermittent 
nylon sutures to prevent hemorrhage (Fig. 10a).

2. An incision slightly smaller than the pancreatic stump 
is made on the jejunum. A purse-string suture is placed 
nearby without tightening (Fig. 10b).

3. The pancreas is implanted into the jejunum through a 
small hole beside the incision (Fig. 10c), and the purse-
string suture is tightened to close the anastomotic stoma. 
The pancreatic capsules and jejunal seromuscular layer 
are further fixed with 2–3 relaxation sutures (Fig. 10d).

Regarding modifications, this invaginated PJ technique 
does not extend any “substantial sutures” to the pancreatic 
parenchyma, thus preventing tissue damage. The pancreatic 
stump is completely embedded into the jejunum, further 
reducing the risk of pancreatic juice extravasation from small 
pancreatic ducts and needle tracts. Moreover, this technique is 
not limited by the texture of the pancreas or the MPD diameter, 
and the procedure is fairly simple. Reports have shown that it 
takes only 5–7 min to complete Jiang’s PJ via laparoscopy, 
which is suitable for minimally invasive surgeries.

However, there are also some drawbacks. First, if the pan-
creatic head is too large or if it is difficult to free the pan-
creas from the surrounding tissues, this method cannot be 
applied. Second, intestinal fluid and pancreatic juice inevita-
bly corrode the pancreatic stump embedded in the jejunum, 
which is prone to postoperative hemorrhage and exocrine 
dysfunction in the long term.43 Third, tightening the purse-
string suture appropriately is the focus of this PJ technique, 
since forceful pulling may impair the blood supply of the 
anastomotic stoma, leading to delayed healing or necrosis, 
while loose fixation may result in separation of the pancre-
atic stump from the jejunum, causing serious complications.

Ferencz et al. developed another modified invaginated 
method similar to Jiang’s PJ in 2020.44 This technique places 
2 U-sutures at the upper and lower edges of the pancreas 
with the jejunum rather than interrupted pancreatic section 
sutures as seen in Jiang’s PJ. In addition, the pancreatic 
stump is implanted into the bowel lumen by pulling the 2 
U-sutures. Since the procedure is a simplified version, it is 
a recommended invagination technique with little damage 
to the pancreaticointestinal tissues in MIPD.

Conclusion

This paper introduces several modified PJ techniques, which 
were conducive to biological healing and simplified in pro-
cedures. The incidence of POPF and related complications 
with these techniques was low, thus improving patient prog-
nosis. Surgeons can choose to apply them for pancreatic 
reconstruction in MIPD.

Author Contribution Ying-Wen Gai: project development, data collec-
tion and analysis, visualization, manuscript writing.

Huai-Tao Wang: manuscript editing.
Xiao-Dong Tan: manuscript revision.

Declarations 

Ethics Approval We declared that the work does not contain any studies 
with human participants or animals performed by any of the authors 
and therefore requires no formal ethical approval.

Conflict of Interest The authors declare no competing interests.

Meeting/Presentation Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Whipple AO, Parsons WB, Mullins CR. Treatment of carcinoma 
of the ampulla of Vater. Ann Surg 1935;102:763-779.

 2. Kitahata Y, Hirono S, Kawai M, Okada KI, Miyazawa M, Shimizu 
A, Kobayashi R, Ueno M, Hayami S, Shimokawa T, Kouda K, 
Tajima F, Yamaue H. Intensive perioperative rehabilitation 
improves surgical outcomes after pancreaticoduodenectomy. 
Langenbecks Arch Surg 2018;403:711-718.

 3. Roberts KJ, Sutcliffe RP, Marudanayagam R, Hodson J, Isaac J, 
Muiesan P, Navarro A, Patel K, Jah A, Napetti S, Adair A, Laza-
ridis S, Prachalias A, Shingler G, Al-Sarireh B, Storey R, Smith 
AM, Shah N, Fusai G, Ahmed J, Abu Hilal M, Mirza DF. Scoring 
system to predict pancreatic fistula after pancreaticoduodenec-
tomy: a UK multicenter study. Ann Surg 2015;261:1191-1197.

 4. Nagai M, Sho M, Akahori T, Nishiwada S, Nakagawa K, Naka-
mura K, Tanaka T, Nishiofuku H, Kichikawa K, Ikeda N. Risk fac-
tors for late-onset gastrointestinal hemorrhage after pancreatoduo-
denectomy for pancreatic cancer. World J Surg 2019;43:626-633.

 5. Eshmuminov D, Schneider MA, Tschuor C, Raptis DA, Kam-
bakamba P, Muller X, Lesurtel M, Clavien PA. Systematic review 
and meta-analysis of postoperative pancreatic fistula rates using 
the updated 2016 International Study Group Pancreatic Fistula 
definition in patients undergoing pancreatic resection with soft 
and hard pancreatic texture. HPB (Oxford) 2018;20:992-1003.

 6. Liu X, Pausch T, Probst P, Cui J, Wei J, Hackert T, Miao Y. Effi-
cacy of pasireotide for prevention of postoperative pancreatic fis-
tula in pancreatic surgery: a systematic review and meta-analysis. 
J Gastrointest Surg 2020;24:1421-1429.

 7. Chipaila J, Kato H, Iizawa Y, Motonori N, Noguchi D, Gyoten 
K, Hayasaki A, Fujii T, Tanemura A, Murata Y, Kuriyama 
N, Kishiwada M, Usui M, Sakurai H, Isaji S, Mizuno S. Pro-
longed operating time is a significant perioperative risk factor 

1979Journal of Gastrointestinal Surgery (2022) 26:1967–1981

http://creativecommons.org/licenses/by/4.0/


1 3

for arterial pseudoaneurysm formation and patient death follow-
ing hemorrhage after pancreaticoduodenectomy. Pancreatology 
2020;20:1540-1549.

 8. Shrikhande SV, Sivasanker M, Vollmer CM, Friess H, Besselink 
MG, Fingerhut A, Yeo CJ, Fernandez-delCastillo C, Dervenis 
C, Halloran C, Gouma DJ, Radenkovic D, Asbun HJ, Neoptole-
mos JP, Izbicki JR, Lillemoe KD, Conlon KC, Fernandez-Cruz 
L, Montorsi M, Bockhorn M, Adham M, Charnley R, Carter R, 
Hackert T, Hartwig W, Miao Y, Sarr M, Bassi C, Büchler MW; 
International Study Group of Pancreatic Surgery (ISGPS). Pan-
creatic anastomosis after pancreatoduodenectomy: A position 
statement by the International Study Group of Pancreatic Surgery 
(ISGPS). Surgery. 2017 May;161(5):1221-1234.

 9. Søreide K, Healey AJ, Mole DJ, Parks RW. Pre-, peri- and post-
operative factors for the development of pancreatic fistula after 
pancreatic surgery. HPB (Oxford) 2019;21:1621-1631.

 10. Piao S, Pan Z, Qian C, Jin X. The effect of bilateral U-sutures in 
pancreaticojejunostomy in 75 consecutive cases. Acta Chir Belg. 
2019 Jun;119(3):201-204.

 11. Zhou Y, Yang J, Wei L, Lin Q, Zheng S, Liu G, Zhou Q, Tan X, 
Chen R. A novel anastomosis technique facilitates pancreaticoje-
junostomy in total laparoscopic pancreaticoduodenectomy (with 
video). Langenbecks Arch Surg 2021;15:1-7.

 12. Tang W, Qiu JG, Li GZ, Zhao YF, Du CY. Clinical application 
of “Double R” anastomosis technique in laparoscopic pancrea-
ticoduodenectomy procedure. Medicine (Baltimore). 2021 May 
28;100(21):e26204.

 13. Wei J, Liu X, Wu J, Xu W, Zhou J, Lu Z, et al. Modified one-layer 
duct-to-mucosa pancreaticojejunostomy reduces pancreatic fistula 
after pancreaticoduodenectomy. Int Surg 2018;103:378-385.

 14. Kleespies A, Rentsch M, Seeliger H, Albertsmeier M, Jauch KW, 
Bruns CJ. Blumgart anastomosis for pancreaticojejunostomy 
minimizes severe complications after pancreatic head resection. 
Br J Surg 2009;96:741-750.

 15. Kobayashi S, Otsubo T, Koizumi S. Novel Modified Blumgart 
Technique to Reduce Postoperative Pancreatic Fistula After Pan-
creaticojejunostomy-Compressed Pancreatic Stump (COMPAS) 
Anastomosis. J Gastrointest Surg 2021;25:1082-1086.

 16. Menonna F, Napoli N, Kauffmann EF, Iacopi S, Gianfaldoni C, 
Martinelli C, Amorese G, Vistoli F, Boggi U. Additional modi-
fications to the Blumgart pancreaticojejunostomy: Results of a 
propensity score-matched analysis versus Cattel-Warren pancrea-
ticojejunostomy. Surgery 2021;169:954-962.

 17. Oda T, Hashimoto S, Miyamoto R, Shimomura O, Fukunaga K, 
Kohno K, Ohshiro Y, Akashi Y, Enomoto T, Ohkohchi N. The 
tight adaptation at pancreatic anastomosis without parenchymal 
laceration: an institutional experience in introducing and modify-
ing the new procedure. World J Surg 2015;39:2014-2022.

 18. Liu R, Wakabayashi G, Palanivelu C, Tsung A, Yang K, Goh 
BKP, Chong CCN, Kang CM, Peng C, Kakiashvili E, Han HS, 
Kim HJ, He J, Lee JH, Takaori K, Marino MV, Wang SN, Guo T, 
Hackert T, Huang TS, Anusak Y, Fong Y, Nagakawa Y, Shyr YM, 
Wu YM, Zhao Y. International consensus statement on robotic 
pancreatic surgery. Hepatobiliary Surg Nutr 2019;8:345-360.

 19. Heemskerk J, Zandbergen R, Maessen JG, Greve JWM, Bouvy 
ND. Advantages of advanced laparoscopic systems. Surg Endosc 
2006;20:730-733.

 20. Warren KW, Cattell RB. Basic techniques in pancreatic surgery. 
Surg Clin North Am 1956;36:707-24.

 21. Kilambi R, Singh AN. Duct-to-mucosa versus dunking techniques 
of pancreaticojejunostomy after pancreaticoduodenectomy: Do we 
need more trials? A systematic review and meta-analysis with trial 
sequential analysis. J Surg Oncol 2018;117:928-939.

 22. Lyu Y, Li T, Wang B, Cheng Y, Zhao S. Selection of pancrea-
ticojejunostomy technique after pancreaticoduodenectomy: 

duct-to-mucosa anastomosis is not better than invagination anas-
tomosis: A meta-analysis. Medicine (Baltimore) 2018;97:e12621.

 23. Zhang L, Li Z, Wu X, Li Y, Zeng Z. Sealing pancreaticojejunostomy 
in combination with duct parenchyma to mucosa seromuscular one-
layer anastomosis: a novel technique to prevent pancreatic fistula after 
pancreaticoduodenectomy. J Am Coll Surg 2015;220:e71-e77.

 24. Zeng ZL, Sun Y, Xue D, Liu PL, Chen WM, Zhang L. Effect 
of six-stitch pancreaticojejunostomy on pancreatic fistula: a pro-
pensity score-matched comparative cohort study. Hepatobiliary 
Pancreat Dis Int 2020;19:277-283.

 25. Torres OJM, Costa RCNDC, Costa FFM, Neiva RF, Suleiman 
TS, Souza YLMS, Shrikhande SV. Modified Heidelberg 
technique for pancreatic anastomosis. Arq Bras Cir Dig 
2017;30:260-263.

 26. Hong DF, Liu YH, Zhang YH, Wang YC, Wang ZM, Wu WD, 
Shen GL, Zhang JG, Zhang W, Cheng J, Peng SY. [The role of 
Hong’s single-stitch duct to mucosa pancreaticojejunostomy in 
laparoscopic pancreaticoduodenectomy]. Zhonghua Wai Ke Za 
Zhi [Chinese Journal of Surgery] 2017;55:136-140. Chinese.

 27. Hong D, Cheng J, Wu W, Liu X, Zheng X. How to perform total 
laparoscopic duodenum-preserving pancreatic head resection 
safely and efficiently with innovative techniques. Ann Surg Oncol 
2021;28:3209-3216.

 28. Du Y, Wang J, Li Y, Ma H, Liu L, Zhu Y, Zhao W. Clini-
cal application of a modified pancreatojejunostomy technique 
for laparoscopic pancreaticoduodenectomy. HPB (Oxford) 
2019;21:1336-1343.

 29. Liu Q, Zhao Z, Gao Y, Zhao G, Tan X, Wang C, Liu R. Novel 
single-layer continuous suture of pancreaticojejunostomy for 
robotic pancreaticoduodenectomy. J Hepatobiliary Pancreat Sci 
2020;27:56-63.

 30. Liu Q, Zhao Z, Gao Y, Zhao G, Jiang N, Lau WY, Liu R. Novel 
technique for single-layer pancreatojejunostomy is not inferior to 
modified Blumgart anastomosis in robotic pancreatoduodenec-
tomy: results of a randomized controlled trial. Ann Surg Oncol 
2021;28:2346-2355.

 31. Liu CZ, Zhu JK, Xu Q, Liu FY, Wang YD, Zhu M. Application of 
pancreaticojejunostomy with one-layer suture in pancreaticoduo-
denectomy: a retrospective cohort study. Int J Surg 2018;56:68-72.

 32. Cai Y, Luo H, Li Y, Gao P, Peng B. A novel technique of pancrea-
ticojejunostomy for laparoscopic pancreaticoduodenectomy. Surg 
Endosc 2019;33:1572-1577.

 33. Chen Y, Ke N, Tan C, Zhang H, Wang X, Mai G, Liu X. Con-
tinuous versus interrupted suture techniques of pancreati-
cojejunostomy after pancreaticoduodenectomy. J Surg Res 
2015;193:590-597.

 34. Ma H, Wang J, Liu L, Du Y, Zhao W, Zhu X. Clinical application 
of pancreatic-duct-jejunum end-to-side continuous suture anas-
tomosis in total laparoscopic pancreaticoduodenectomy. Surg 
Endosc 2022 Jan 6. https:// doi. org/ 10. 1007/ s00464- 021- 08920-
1. In press.

 35. Ma D, Du G, Yang J, Song J, Ma H, Wang J, Zhang T, Jin B. 
Clinical application of a modified double purse-string continuous 
suture technique for pancreaticojejunostomy: reliable for laparo-
scopic surgery and small size main pancreatic duct. BioMed Res 
Int 2021;2021:6676999.

 36. Grobmyer SR, Kooby D, Blumgart LH, Hochwald SN. Novel pan-
creaticojejunostomy with a low rate of anastomotic failure-related 
complications. J Am Coll Surg 2010;210:54-59.

 37 Ricci C, Ingaldi C, Alberici L, Pagano N, Mosconi C, Marasco G, 
Minni F, Casadei R. Blumgart anastomosis after pancreaticoduo-
denectomy. A comprehensive systematic review, meta-analysis, 
and meta-regression. World J Surg 2021;45:1929-1939.

 38. Fujii T, Sugimoto H, Yamada S, Kanda M, Suenaga M, Takami H, 
Hattori M, Inokawa Y, Nomoto S, Fujiwara M, Kodera Y. Modi-
fied Blumgart anastomosis for pancreaticojejunostomy: technical 

1980 Journal of Gastrointestinal Surgery (2022) 26:1967–1981

https://doi.org/10.1007/s00464-021-08920-1
https://doi.org/10.1007/s00464-021-08920-1


1 3

improvement in matched historical control study. J Gastrointest 
Surg 2014;18:1108-1115.

 39. Li R, Zhang W, Li Q. Modified pancreatojejunostomy in 
pancreaticoduodenectomy for the treatment of periampullary 
tumor: 8 years of surgical experience. Med Sci Monit 
2019;25:3788-3795.

 40. Kojima T, Niguma T, Watanabe N, Sakata T, Mimura T. 
Modified Blumgart anastomosis with the “complete packing 
method” reduces the incidence of pancreatic fistula and compli-
cations after resection of the head of the pancreas. Am J Surg 
2018;216:941-948.

 41. Poves I, Morató O, Burdío F, Grande L. Laparoscopic-adapted 
Blumgart pancreaticojejunostomy in laparoscopic pancreaticoduo-
denectomy. Surg Endosc 2017;31:2837-2845.

 42. Li B, Xu C, Qiu ZQ, Liu C, Yi B, Luo XJ, Jiang XQ. An end-
to-side suspender pancreaticojejunostomy: a new invagina-
tion pancreaticojejunostomy. Hepatobiliary Pancreat Dis Int 
2018;17:163-168.

 43. Xiang Y, Wu J, Lin C, Yang Y, Zhang D, Xie Y, Yao X, Zhang X. 
Pancreatic reconstruction techniques after pancreaticoduodenec-
tomy: a review of the literature. Expert Rev Gastroenterol Hepatol 
2019;13:797-806.

 44. Ferencz S, Bíró Z, Vereczkei A, Kelemen D. Innovations in pan-
creatic anastomosis technique during pancreatoduodenectomies. 
Langenbecks Arch Surg 2020;405:1039-1044.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1981Journal of Gastrointestinal Surgery (2022) 26:1967–1981


	Pancreaticojejunostomy Conducive to Biological Healing in Minimally Invasive Pancreaticoduodenectomy
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and Methods
	Results and Discussion
	Modified Duct-to-Mucosa Pancreaticojejunostomy
	Single-Layer Interrupted Pancreaticojejunostomy
	Hong’s Single-Stitch Duct-to-Mucosa Pancreaticojejunostomy
	Single-Layer Continuous Suture Pancreaticojejunostomy
	Double-Layer Continuous Suture Pancreaticojejunostomy
	Modified Double Purse-String Continuous Suture Pancreaticojejunostomy

	Modified Blumgart Pancreaticojejunostomy
	Modified Invaginated Pancreaticojejunostomy

	Conclusion
	References


