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Background: Postoperative pancreatic fistulas (POPFs) due to anastomotic leaks are always closely related to significant
morbidity and mortality following pancreaticoduodenectomy (PD). A series of modified anastomotic methods
have been proposed. The object of our study was to provide a novel anastomotic method for operations in-
volving the Child technique, termed the “whole-layer tightly appressed anastomosis technique”.

Material/Methods: An improved pancreatic whole-layer suture technique was used when we performed the duct-to-mucosa pan-
creaticojejunostomies; this method ensured the tight joining of the pancreatic stump and jejunum and de-
creased the pinholes in the pancreatic stump. This new method was used in 41 patients, and was compared
with the traditional duct-to-mucosa anastomosis technique that was used in 50 patients as controls.

Results: The POPF rate was much lower in the new method group than in the control group (6, 14.63% and 20, 40.00%,
respectively, P=0.010). There were 5 grade A POPF patients and 1 grade B POPF patient in the study group. In
the control group there were 12 grade A POPFs patients, 7 grade B POPFs patients, and 1 grade C POPF patient.
The study group exhibited a lower morbidity rate (7, 17.07% vs. 16, 32.00%, P=0.022) and a reduced hospital
stay (17.16 d vs. 22.92 d, P=0.001).

Conclusions: The whole-layer tightly appressed anastomosis technique presented in our study is a safer anastomotic meth-
od than the traditional duct-to-mucosa pancreaticojejunostomy technique. This new technique effectively re-
duced the incidence of POPF after PD and decreased the postoperative morbidity.
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Material and Methods

Kausch performed the first pancreaticoduodenectomy (PD) in
1909 [1]. Whipple evolved this operation and made it a stan-
dard procedure in the 1940s [2]. To date, this operation has
remained the only potential approach for the radical cure of
pancreatic head or periampullary benign or malignant lesions.
PD considerably promotes the survival time of patients with
pancreatic head or periampullary malignances. However, this
technique is still complex and difficult for surgeons due to
its high rate of complications, especially those resulting from
postoperative pancreatic fistulas (POPFs) due to the pancre-
aticoenteric anastomosis. POPFs can lead to intra-abdominal
infections, sepsis, and intra-abdominal hemorrhages, and it
accounts for most of the postoperative deaths [3,4]. Over the
past 70 years, many surgeons have provided various types
of modified techniques for pancreaticojejunostomy to pre-
vent POPF [5]. Although POSFs have considerably decreased
with the evolution of operative techniques, the occurrence of
pancreatic fistulas remains approximately 4%-30% based on
multiple center reports [6,7]. The morbidity rate after PD has
remained high, in the range of 38-58.5%, over the past 2 de-
cades [8]. At present, the duct-to-mucosa (DMA) pancreati-
cojejunostomy and end-to-end techniques are the 2 primary
methods of anastomosis. There is still no consensus regard-
ing the best method to reduce the incidence of POPF follow-
ing PD. POPFs appear to be inevitable.

In 2014, our group established the whole-layer tightly appressed
anastomosis method, which was a new technique for duct-
to-mucosa pancreaticojejunostomy following PD. We achieved
fairly good results. At present, this technique has been used
in 41 patients who have undergone PD. The safety, feasibility,
and increased satisfaction associated with this technique for
preventing POPF have been demonstrated by our periopera-
tive outcomes. In this retrospective article, we elucidate this
new technique and compare it with the traditional standard
duct-to-mucosa method to demonstrate its clinical efficiency.

Table 1. Baseline demographic characteristics of the patients.

Parameters Study group
Total no. of patients 41
Meanage) 579041432
MeanBMI (g/m) 2431307
No.maleffemale 615
| Serumtotal bilirubin umol) 897419891
oM s

Patients

A total of 91 patients were included in this retrospective study.
From March 2014 to June 2015, we performed the whole-layer
tightly appressed technique in 41 patients (study group) after PD
and utilized the standard duct-to-mucosa method in 50 patients
(control group). The patients were selected randomly and informed
consents were obtained from all 91 patients. Perioperative data
were retrieved for all patients. Pathology information was collect-
ed from the pathology reports. The same team completed all op-
erations. The patients in the control group exhibited no significant
differences in age, sex, or BMI from the study group (Table 1). All
patients had total serum total bilirubin levels below 300 pmol/L,
unless they accepted endoscopic retrograde cholangiopancrea-
tography (ERCP) or biliary drainage. Among the 91 patients, 79
patients were diagnosed with a malignant disease, including car-
cinoma of the pancreatic head in 55 patients, adenocarcinoma
of ampulla in 4 patients, adenocarcinoma of the duodenum in 8
patients, pancreatic neuroendocrine tumors in 11 patients, and
pancreatic undifferentiated carcinoma in 1 patient. Twelve pa-
tients were diagnosed with benign lesion, including intraductal
papillary mucinous neoplasm (IPMN) in 5 patients, solid pseudo-
papillary tumor of pancreas (SPT) in 1 patient, adenoma of the
ampulla in 3 patients, adenoma of the duodenum in 1 patient,
pancreatic serous cystadenoma in 1 patient, and chronic pancre-
atitis in 1 patient. Of the 91 patients, 15 patients (16.48%) were
classified as having diabetes mellitus (DM).

Before the operations, all patients underwent ultrasonogra-
phy, computed tomography (CT) or magnetic resonance im-
aging (MRI), and other essential tests to locate the tumor and
rule out surgical contraindications.

Definition of POPF

In our center, amylase activity in the drain tube is routinely mea-
sured every other day beginning on day 3 after the operation

Control group P Value
50
"""""""""" ssielle0  093%
"""""""""" 23685576 0213
""""""""""""" %14 oassn
"""""""""" 9674410058 o0740%
""""""""""""""" 6 oo~

BMI — body mass index; DM — diabetes mellitus. * Unpaired t test; ** chi-square test.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




Zhang T. et al.:
Shen’s whole-layer tightly appressed anastomosis technique...
© Med Sci Monit, 2016; 22: 540-548

CLINICAL RESEARCH

Pancreas Pancreas

Jejunum Jejunum

Inner layer
sample suture

Inner layer
sample suture

Figure 1. (A) First, we pushed the needle through the O-ring at full thickness in the jejunum. Next, we pushed the needle through
the epithelium of the main pancreatic duct and then pulled the needle out from the pancreatic serosa to include the whole
layer of the pancreatic parenchyma. (B) The treatments of the upper and lower sides of the pancreatic parenchyma. We first
pushed the needle out from the middle of the pancreatic parenchyma and then inserted the needle in situ and pulled it out

from the pancreatic serosa.

and continuing until the drain tube was removed. According
to the International Study Group on Pancreatic Fistula (ISGPF)
criteria[9], POPF was defined as “a drain output of any mea-
surable volume of fluid on or after postoperative day 3 with
an amylase content greater than 3 times the serum amylase
activity”. Grade A POPFs are also termed “transient fistulas”
not needing treatment or extra hospital stays. Grade B POPFs
require nothing by mouth (NPO), enteral or parenteral nutri-
tion, and long-term drain maintenance; CT scans may show ab-
dominal collection(s), and grade B POPFs are always combined
with sepsis that requires antibiotic treatment. Grade C POPFs
are the most dangerous and always result in intra-abdomi-
nal collections, sepsis, and multiple organ failure, and require
supervision in the intensive care unit (ICU) and reoperation.

Surgical techniques

Standard PD(s) were performed in all patients. The pancre-
as was transected with margins at least 2 cm from the tu-
mor. After the specimen was removed, we performed anasto-
motic reconstruction in the following sequence: end-to-side
duct-to-mucosal PJ (interrupted anastomosis), end-to-side
choledochojejunostomy, and end-to-side gastrojejunostomy.
Biliopancreatic reconstruction was performed using a loop of
the jejunum that was brought up through the transverse me-
socolon via the retrocolic route in all patients.

Whole-layer tightly appressed technique
Pancreatic stump preparation

The pancreas was dissected with an electric knife. The posteri-
or wall of the stump was mobilized for nearly 2-3 c¢m to facili-
tate suture placement, and we performed careful hemostasis.
The pancreatic duct was identified by inspection or with the
gentle use of a probe. We measured the diameters of the pan-
creatic ducts and chose suitable stents for draining the pan-
creatic juice. All procedures were assisted by the use of mag-
nifying loupes. Finally, we put staying sutures on the inferior
and superior borders of the pancreatic stump.

Posterior row of the outer layer of the anastomosis

The single loop was approximated to the pancreatic stump to
do the pancreaticojejunostomy. The outer-layer suturing was
performed with double-needle 3-0 Prolene line (Prolene TM;
Ethicon; Johnson & Johnson; New Jersey, USA) continuous su-
turing of the pancreatic parenchyma and the seromuscular lay-
er of the jejunum. The intestinal margins and pancreatic mar-
gins were 1 cm, and the needle spacing was approximately
0.5 cm. Next, we tied the Prolene with relatively low tension.
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Figure 2. Intraoperative photographs of the formation of the pancreaticojejunostomy anastomoses. (A) The enterotomies were
made with electrocautery. The diameter of the O-ring was approximately 2-3 mm. (B) The suturing of the posterior row of
inner layer of the anastomosis. The needle went through the whole layer of the pancreatic parenchyma. We utilized the
interrupted suturing method. (C) The insertion of the stent tube. (D) The suturing of the anterior row of inner layer of the

anastomosis. (E) Completing the suturing of inner layer.

Posterior row of the inner layer (the whole-layer tightly
appressed anastomosis technique)

Opposing to the pancreatic duct, an enterotomy (2-3 mm in
diameter or appropriately enlarged based on the diameter of
the main duct) was made at the jejunum (O-ring) via electro-
cautery (Figure 2A). First, we put the needle through the epi-
thelium of the main pancreatic duct and then pulled the nee-
dle out from the pancreatic serosa, including the entire layer
of the pancreatic parenchyma (Figure 1A, Figure 2B). Second,

This work is licensed under a Creative Commons
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we placed the needle through the O-type ring at its full thick-
ness in the intestinal wall. Then we tightened the needle and
finished 1 suture. Five interrupted 5-0 sutures (Prolene) were
placed; 1 suture in the middle and 2 on each side. Notably,
because the upper and lower sides of pancreatic parenchy-
ma were relatively thick, we first pulled the needle out from
the middle of the pancreatic parenchyma and then inserted
the needle in situ and pulled it out from the pancreatic sero-
sa (Figure 1B). These needles can subsequently be tightened.
Then, a matching stent tube (ventricular drainage tube, based
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on the diameter of the main pancreatic tube, 1-2 cm longer
than the length of pancreatic duct of distal stump) was insert-
ed in the pancreatic duct and jejunal lumen after the posterior
side of the inner layer was completed (Figure 2C).

Anterior rows of inner and outer layers of the anastomosis

The inner layer and outer layers were completed with the same
method described previously. The inner layer was completed
with four or five 5-0 interrupted Prolene sutures (Figure 2D, 2E).
The outer layer was completed with the additional continuous
3-0 polypropylene sutures.

Traditional DMA Anastomosis

In the control group, the posterior outer row of 3-0 Prolene
sutures was placed as we described previously. We held the
sutures with tension, and the pancreatic duct was then iden-
tified. A small, full-thickness jejunotomy was then created via
electrocautery opposite the pancreatic duct. The posterior in-
ner layer was then created using 6-0 Prolene sutures. In the
conventional method, we placed the needle through the pan-
creatic duct, including the pancreatic parenchyma (inner 1/3
of the radius). A matching stent tube was inserted in the pan-
creatic duct and jejunal lumen. The anterior 2 layers of the P)
were performed in the reverse order and in the same manner.

Other anastomoses

End-to-side hepaticojejunostomy and side-to-side gastroje-
junostomy were performed sequentially. The gastrojejunos-
tomy was performed behind the transverse colon. After com-
pleting all 3 anastomoses, 2 double-lumen drains were placed
in the vicinity of the pancreatic anastomosis and the biliary-
enteric anastomosis.

Postoperative patient care

The amylase in the drain output was routinely measured be-
ginning on postoperative day 3 and continuing every 2 days
until the tube was removed. CT scans were typically performed
on days 5-7 after the operation to evaluate whether any in-
tra-abdominal collections were present and to select the fol-
low-up therapeutic regimen.

Statistical analyses

The continuous variables are expressed as the means (+SDs)
and were compared with Student’s t test. The chi-square test
was used to compare the categorical data. P values less than
0.05 were considered to be significant. We analyzed the data
using SPSS 19.0 (IBM Co., Armonk, NY, USA).
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Results

A total of 91 consecutive patients from March 2014 to Jun
2015 underwent PD performed by the same surgical team. All
operations were completed successfully and included 41 op-
erations using whole-layer suturing technique and 50 stan-
dard duct-to-mucosa pancreaticojejunostomies. There were
no significant differences in age, sex, BMI, incidence of diabe-
tes mellitus (DM) (Table 1), preoperative serum total bilirubin,
or perioperative factors, such as operating time, blood loss,
blood transfusion rate intraoperative, pancreatic texture, tu-
mor size, or the presence of malignancy on histology (Table 2).

POPF rate and morbidity
Incidence of POPF

The overall POPF rate was 28.57% (26/91). The incidence of
POPF in patients who underwent operations with the whole-
layer suturing technique (study group) was 14.63% (6/41) and
that in the patients who underwent standard DMA (control
group) anastomosis was 40.00% (20/50, p =0.010; Table 2).
Grade A POPF was observed in 4 patients (5/41 12.20%) in the
study group and in 10 patients (12/50, 24.00%) in the con-
trol group. Grade B POPFs were observed in 1 patient in the
study group (2.43%) and 7 patients (14.00%) in the control
group. The presence of Grade C pancreatic fistula was not-
ed in 1 patient (2.00%) in the control group. There was a sig-
nificant difference in the POPF rate between the study group
and the control group (P=0.010). Moreover, the study group
had less Grade B and C pancreatic fistulas than in the control
group (1/41, 2.43% vs. 8/50, 16.00%, respectively, P=0.038).

Additionally, variables including age, sex, BMI, level of serum
bilirubin, incidence of DM, operating time, blood-loss, histo-
logical tumor type, and pancreatic texture, were not associat-
ed with the occurrence of POPFs (Table 3). Some reports have
come to the conclusion that patients whose main pancreat-
ic ducts are <3 c¢m are at a greater risk of POPF [10], but no
significant differences were observed in our study (Table 3).
Interestingly, we found that the intraoperative blood transfu-
sion affected the occurrence of POPF (Table 3). Patients who
accept intraoperative blood transfusion might have an in-
creased risk of POPF (Table 4). In addition, our study included
both benign and malignant cases, so we did not add the peri-
tumoral invasion and peritumoral metastatic lymph nodes to
the risk factors to prevent bias [11].

Postoperative morbidity and mortality
The study group had a much lower morbidity rate than in the

control group (7/41, 17.07% vs. 16/50, 32.00%, respectively,
P=0.022). Furthermore, there were significant differences in the
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Table 2. Intraoperative data and postoperative outcomes.

Event Study group
Operating time (min) 234.50+44.12
CBloodloss(m)  35146£40742
Time of anastomosis (min) 1573175
Blood transfusion 10
Tumorsize m) 3124148
 Malignant/Benign 38
CPOPE 6
"""" GradeA 5
"""" GradeB 1
"""" GradeC o
"""" GradeBsC 1
 Diameter of pancreatic duct<3cm 26
softpancreas 15
Complicaion 7
"""" Grade12 &
"""" Grade3-s 1
Reoperation o
Timeofintake @) 5116193
Time of drain-tube-off (@) 1155:9.41
Postoperativestay ) 17.16£7.04
' No.of complications 7
"""" Time of intake*  629£214
"""" Time of drain-tube removalt  2486£1220
"""" Postoperative stay* 23431940

CLINICAL RESEARCH

Control group P value
252.32+49.94 0.062*
"""""""""" 45400435295 0202
~ sasaize oost
oo
"""""""""""" 3es¢173 02100
"""""""""""""" a4 oist
20 oo0%
12 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 7
1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
""""""""""""""" & oot
3 o
Y
1. oo
15 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
e Looo
"""""""""""" 7204411 0005
. 17sw7er o008t
""""""""""" 2292:820 o000t
16 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
"""""""""""" 9s0t494 o016t
""""""""""" 2094:957 o418t
""""""""""" 863897  onrt

POPF — post-operative pancreatic fistula. * Unpaired t test; ** chi-square test; # data for patients with postoperative complications.

time of oral intake (5.11 d vs. 7.20 d, P=0.005), time of drain-
age tube removal (11.55 d vs. 17.83 d, P=0.008), and postoper-
ative hospital stay (17.16 d vs. 22.92 d, P=0.001). Five out of 6
patients in the study group and 15 of 16 patients in the control
group had complications of Clavien-Dindo grade 1 or 2. There
was one grade 3 complication in the study group. One patient
experienced a transient intra-abdominal hemorrhage on the 7th
day after the operation and recovered with NPO, a continued so-
matostatin injection pump, parenteral nutrition, and other symp-
tomatic treatments. Another grade 3 complication occurred in
the control group. A patient accepted reoperation due to an in-
tra-abdominal hemorrhage and uncontrolled hemorrhagic shock
(Table 5). However, in the absence of complications, the postop-
erative stays, times of oral intake, and times of drainage tube
removal were similar in the study and control groups (Table 2).

Discussion

Despite advances in surgical technique and perioperative treat-
ment, POPF remains the most common and problematic com-
plication following PD, and POPF is also the main reason for
postoperative mortality. The postoperative complication rate
remains high, varying from 20% to 60% [12]. With the marked
improvement in postoperative outcomes of PD in recent years,
postoperative morbidity has considerably decreased [13]. Some
large centers can even control their postoperative morbidities
by approximately 5%. POPF can worsen the clinical outcomes
of patients who have undergone PD. The Mannheim Clinic se-
ries demonstrated that 20% of POPFs were directly responsi-
ble for the postoperative deaths [4]. Therefore, surgeons have
been working to reduce POPFs in recent decades. To reduce
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Table 3. Risks for POPF.

Event POPF (n=26)

Age (y) 58.35+11.25
Sex (maleffemale) w7
N 23641317
(Ppr;og)le/e[;tiveserumtotalbilirubin """"""""""" olsler
incdenceof DM (em) 620
Pancreatic texture (softthard) onr
Pathology (malignant/benign) w1
Pancreatic duct diameter<sm 20

Operating time (min) 285.00+59.92
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Non-POPF (n=65) P value

57.89+13.47 0.880*
””””””””””””” sm osae
””””””””””” nowswy  osiz

104.98+109.17 0.191*
””””””””””””” o6 ozt
””””””””””””” w3 o
””””””””””””” se1 olest
””””””””””””””” 2 ot
36041137 oss
””””””””””””” 47 o043
C assmret os73

BMI — body mass index; DM — diabetes mellitus. * Unpaired t test; ** chi-square test.

POPFs, a variety of techniques have been used and modified
in the management of the pancreatic remnants following PD.
However, none of these techniques have exhibited clearly su-
perior outcomes [14]. It is well known that the risk factors for
POPF consist primarily of 3 aspects: 1) patient factors, includ-
ing age, preoperative jaundice level, nutrition status, and oth-
ers; 2) technical factors, including operation time, blood loss,
anastomosis technique, and drain management; and 3) pan-
creatic factors, including pancreatic texture, pancreatic duct
size, blood supply of the cut end, and others [15]. The surgical
technique is one of the most important factors.

In the present study, we introduced a new technique for duct-
to-mucosa pancreaticojejunostomy anastomosis and compared
this technique with the standard pancreaticojejunostomy. The
operating time, blood loss, transfusion rate, and time of anas-
tomosis of the new technique were not increased relative to
those in the control group. These findings indicate that our
method does not make the procedure more difficult or com-
plicated. POPFs occurred in 6 of 41 patients (14.63%) in the
new technique group. This rate was significantly less than
that in the standard DMA technique group (20/50, 40.00%).
Moreover, there were more grades B and C POPFs in the study
group (1/41, 2.43%) than in the control group (8/50, 16.00%)
and the difference was significant (P=0.038). Additionally, the
new technique group also exhibited a lower mortality rate
than the control group. The study group had a considerably
lower postoperative morbidity rate (7/41, 17.07% vs. 16/50,
32.00%), suggesting the benefits of this technique for preven-
tion of POPF and the reduction of postoperative complications.

Various factors can contribute to POPF. Other centers have re-
ported that pancreatic duct diameter is a major contributing
factor, particularly when a duct-to-mucosa anastomosis is per-
formed on a small duct [16]. However, in our study, the average
pancreatic duct diameters were similar between the patients
who experienced POPFs and those who did not. Moreover, the
numbers of patients with a pancreatic duct smaller than 3 cm
were not significantly different between the patients who ex-
perienced POPFs and the patients who did not (Table 3). This
may explain why we commonly placed internal transanasto-
motic stents for drainage, even in patients with small pan-
creatic ducts, although some reports and meta-analyses have
not found statistically significant differences in incidence of
POPFs due to internal stent insertion [17-19]. Additionally, a
soft pancreas is always thought to be a risk factor for POPF
[20]. Our data indicated no significant difference in pancreatic
remnant texture between the patients with and without POPFs.

The greatest limitation of PD is the PJ reconstruction. As we
previously described, the duct-to-mucosa pancreaticojejunosto-
my, end-to-end invagination pancreaticojejunostomy, and pan-
creaticogastrostomy techniques are the most commonly used
procedures for reconstruction, and surgeons choose a suitable
method based on the intraoperative situation. However, some
reports have come to the conclusion that the DMA technique
is superior to the invagination technique in terms of long-term
anastomotic patency and function, based on a canine mod-
el [21]. El Nakeeb et al. reported that there was no difference in
POPF incidence between the 2 methods but that the invagina-
tion technique might decrease POPF severity and the incidence
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Table 4. Logistic regression of risk factors of PF after pancreaticoduodenectomy.

Value B SE

Total PFs transfusion 0.960 0.480

Wals

3.993

P value OR 95%Cl

0.046 2611 1.019-6.693

B — regression coefficient; PF — pancreatic fistula; Wals — 2 value.

Table 5. Postoperative complications in 91 patients.

Postoperative complications ::::: C;r;l:’:l

Ascites 2 3
Gastrointestinal hemorrhage o 1
Delayed gastric emptying o >
CBillaryfistla o 3
Pulmonary infecton o o
 Wound infecton T 2
| Urinary tract infection o o
 Abdominalinfection - 2 s

of postoperative steatorrhea [22]. Bartoli et al. reported that
the incidence of pancreatic fistulas related to end-to-side in-
vagination anastomosis was significantly greater than that as-
sociated with duct-to-mucosa anastomosis (25% vs. 16%) [23].
Kim also reported that the duct-to-mucosa technique is safer
than invagination [24]. Thus, different centers have reached
different conclusions. There is no clear evidence for or against
one particular method of pancreaticoenteric anastomosis. In
our center, we chose the duct-to-mucosa anastomosis meth-
od for the majority of the patients who underwent PJ. Our ex-
perience indicated that the following aspects of the manage-
ment of the pancreatic stump are the most important factors
in terms of the occurrence of pancreatic fistulas: 1) verifica-
tion of the accuracy of the anastomosis between the pancreatic
duct and the enteral mucosa; 2) ensuring sufficient blood sup-
ply for the pancreatic stump; 3) eliminating the “dead space”
between the cut face of the pancreatic stump and the enter-
ic serosa; and 4) reducing pinholes on the cut face of the pan-
creatic stump when possible, to prevent pancreatic injury. The
low incidence of POPF can primarily be ascribed to the follow-
ing 3 reasons. 1) When we dealt with the inner layer of the su-
tures of the duct-to-mucosa anastomoses, we pulled the nee-
dle out from the pancreatic serosa enveloping the gland but
not from the pancreatic parenchyma (the inner 1/3 of the ra-
dius), which decreased the number of pinholes on the cut face

of pancreatic stump, and the leakage from the pinholes of the
serosa were considerably reduced by this protection of the in-
tegrity of pancreatic serosa. 2) The suture of the inner cycle
penetrated the entire pancreatic parenchyma layer such that
the integrated cut face of the pancreatic stump adhered more
closely to the enteric serosa, and the “dead space” was elim-
inated. This relatively closed space reduced the leakage from
the capillary pancreatic duct on the cut face. 3) The knots of the
inner layer were located outside of the anastomosis (Figure 2E),
which reduced injury to the pancreatic stump and ensured the
tight binding between the jejunum and the pancreatic stump.
The whole-layer suturing technique is still essentially a type
of DMA method but does not increase the difficulty of the op-
eration, but we did not need to mobilize as much of the pos-
terior wall of the pancreatic stump for the anastomosis, and
the blood supply of the pancreatic stump was not influenced.
The perioperative data confirmed the safety and efficiency of
this new technique.

Our study has several limitations. 1) When we sutured the
inner row of the anastomosis, we had to pull the needle out
from the middle of the cut face first and then insert the nee-
dle in situ before completing the upper and the lower stiches,
due to restrictions in needle size (Figure 1B). We increased the
relative injury to the pancreatic stump. 2) This was not an RCT
study, and the small sample size and the single-center design
might also have biased the results. 3) The same surgeon per-
formed all of the operations, but different doctors performed
the postoperative care, and some aspects of the perioperative
management may have varied slightly. These potential con-
founding factors can be completely excluded.

Conclusions

The whole-layer suturing technique for duct-to-mucosa pan-
creaticojejunostomy in pancreaticoduodenectomy effectively
reduces the rate of POPF (especially grade B and C pancreat-
ic fistulas) after PD. This method is safer, more reliable, and
more favorable than the traditional duct-to-mucosa technique
and provides better surgical outcomes.
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