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Abstract Despite recent advances in surgical techniques including staple closure and ultrasonic devices, the reported incidence
of postoperative pancreatic fistula (POPF) after distal pancreatectomy (DP) remains high. Therefore, we devised a new strategy in
which the pancreatic stump is enveloped with the elevated jejunum (EJ) by a modified Blumgart anastomotic technique. Eighty-
one patients who underwent open DP with splenectomy from January 2008 to December 2014 were enrolled. Comparisons were
made between 42 patients who underwent placement of an EJ patch using the modified Blumgart method after scalpel transection
and 39 patients who underwent scalpel transection alone, using unmatched and propensity score-matched analysis. After 25
patients from each group were selected by propensity score matching, the EJ patch technique was significantly associated with a
lower incidence of clinically relevant POPF (P=0.036). Multivariate analysis showed that the EJ patch was an independent
predictor of a lower incidence of POPF (odds ratio, 0.16; 95 % confidence interval, 0.01–0.48; P=0.017) as was the estimated
remnant pancreatic volume. Addition of the EJ patch improves postoperative outcomes in patients who undergo open DP with
splenectomy by scalpel transection and hand-sewn closure of the pancreatic remnant.
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Introduction

Pancreatectomy may be associated with serious and potential-
ly lethal complications. Despite the substantial decline in op-

erative mortality over the past two decades, even high-volume
centers with extensive experience in pancreatic surgery report
ma jo r compl i ca t i on r a t e s o f 20 to 40 % af t e r
pancreatectomy.1–3 Most of this morbidity results from the
development of postoperative pancreatic fistula (POPF) and
intra-abdominal hemorrhage from ruptured aneurysms.2

Distal pancreatectomy (DP) is a standard procedure for benign
and malignant neoplasms of the distal pancreas. Despite re-
cent advances in surgical techniques and perioperative man-
agement, the reported incidence of POPF after DP ranged
from 10 to 40 %.4–7 The main reported risk factors for
POPF are a high body mass index, history of diabetes, large-
volume pancreatic remnant, extended lymphadenectomy, lon-
ger operative time, pancreatic texture, diameter of the main
pancreatic duct (MPD), and thick pancreatic stump after staple
closure.7–12

In an effort to avoid this complication, numerous tech-
niques and tools including staple closure, suture ligation with
mattress stitches, pancreas banding, pancreaticoenteric anas-
tomosis, surface active mesh, fibrin glue, and ultrasonic de-
vices have been proposed and investigated.6,7,13–22 However,
there is currently no universally accepted effective technique.
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A meta-analysis by Knaebel et al.5 revealed a trend favoring
the stapling technique for pancreatic stump closure. In a large
randomized controlled trial, however, Diener et al.6 demon-
strated in the DISPACT study that staple closure was not as-
sociated with a lower incidence of POPF than was hand-sewn
closure. Although staple closure is known to be simple tech-
nique, this trial implied that staple closure does not improve
outcomes in spite of the high material cost.

POPF can occur after DP unless sufficient time and ade-
quate conditions are provided for the process of healing and
closing of the peripheral pancreatic ducts; this situation differs
from that in patients who undergo pancreatoduodenectomy.
Therefore, various methods for reinforcement of the pancre-
atic stump have been reported. We recently reported that mod-
ified Blumgart anastomosis during pancreaticojejunostomy
dramatically reduced the incidence of POPF from 35.8 to
2.5 % compared with the conventional suturing technique in
patients who underwent pancreatoduodenectomy.23 We ap-
plied this useful suturing technique in DP to envelope the
pancreatic stump with the elevated jejunum (EJ). Surgical
procedures highlighted and compared in most articles
reporting on DP, including randomized controlled trials, are
inconsistent mixtures of various pairs of alternatives such as
staple closure versus hand-sewn closure, resection of the
spleen versus preservation, and the open versus laparoscopic
approach.6,7,24–26 It seems inappropriate to simultaneously
evaluate all of these factors together in one comparison. In
the present study, therefore, we only included patients who
underwent open DP combined with splenectomy in which
the pancreas was manually transected with a scalpel. The
aim of this retrospective study was to evaluate the effect of
adding an EJ patch using the modified Blumgart anastomotic
technique. Propensity score-matched analysis was used to re-
duce the impact of background-related bias.

Methods

Patients

A prospectively maintained pancreatic resection database was
queried to identify all cases of DP. From January 2008 to
December 2014, 104 patients underwent DP at the
Department of Gastroenterological Surgery (Surgery II),
Nagoya University Graduate School of Medicine, Nagoya,
Japan. The pancreas was transected using a scalpel in all cases,
and the EJ patch was added in all cases exclusively after
August 2011. Of all 104 patients, 17 who underwent laparo-
scopic DP and 9 who underwent spleen-preserving DP (these
techniques overlapped in 3 patients) were excluded because
the principal purpose of the present study was to compare the
two abovementioned methods in patients who underwent
open DP with splenectomy. Consequently, 39 preceding

patients who underwent scalpel transection alone (no EJ patch
group) and 42 patients who underwent EJ patch placement
after scalpel transection (EJ patch group) were enrolled in this
study. Written informed consent for inclusion in the current
analysis was obtained from all patients as required by the
Institutional Review Board of Nagoya University.

Distal Pancreatectomy

All operative procedures other than closure of the pancreatic
stump were identical in the two groups, as previously
reported.27,28 The pancreas was transected with a scalpel,
and only the MPD on the cut surface was closed by a contin-
uous suture of 5-0 polypropylene. Bleeding from the pancre-
atic parenchyma was controlled with a combination of cautery
and suture ligation. Staplers were not used for transection of
the pancreas even in the recent cases, reflecting the results of
the DISPACT study,6 nor were energy devices or sealing de-
vices used. Neither mattress sutures nor the fish mouth tech-
nique was used on the transected face. A silastic flexible drain
(Blake®; Ethicon, Inc., Somerville, NJ, USA) was routinely
placed adjacent to the pancreatic remnant and connected to a
continuous-suction device (J-Vac Suction Reservoir; Johnson
& Johnson, Tokyo, Japan). All operations were performed by
the same surgical team, invariably including either or both of
the two experienced surgical operators (T.F. and A.N.). All
operative procedures were performed in the same manner
throughout the 6 years of the study.

Elevated Jejunum Patch

EJ patch placement was added after August 2011. After scalpel
transection of the pancreas and extraction of the specimen, the
upper jejunum was transected with a stapler at approximately
20 cm aboral to the ligament of Treitz. The jejunum was elevat-
ed to the upper abdomen through the retrocolic route in a Roux-
en-Y fashion, and the length of the Roux limb was about 15 cm.

The cut surface of the remnant pancreas was covered by
EJ using a modified Blumgart anastomosis technique.
Briefly, we used a double-armed 4-0 polypropylene suture
to place a U-suture with both arms through the pancreatic
stump and a 10- to 15-mm longitudinal suture through the
seromuscular layer of the EJ (Fig. 1a). Two such sutures
were placed, and one of them, an upper suture in many
cases, crossed the MPD (Fig. 1b). Sutures were then placed
through the seromuscular layer of the jejunum 5 to 7 mm
lateral to the previous sutures (Fig. 1b). These sutures were
then tied to approximate the pancreas and jejunum at the
ventral wall of the jejunum rather than on the surface of
the pancreas to avoid laceration of the pancreas (Fig. 1c).
This procedure completely covered the pancreatic stump
with the jejunal serosa. After completion of the EJ patch,
end-to-side anastomosis of the jejunum was performed.
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Postoperative Management

No patients underwent preoperative radiotherapy or received
postoperative somatostatin analogues. Second-generation
cephem antibiotics were administered immediately before sur-
gery and every 3 h during surgery.29 In all patients, adminis-
tration of antibiotics and H2 blockers was routinely continued
for 3 days after surgery. Oral intake was routinely started
around postoperative day (POD) 4 unless postoperative com-
plications such as delayed gastric emptying occurred.

The amylase concentration in the drainage fluid was mea-
sured on POD 1, 3, and 5. POPF was diagnosed and graded in
accordance with the International Study Group on Pancreatic
Fistula classification. POPF was diagnosed when the amylase
concentration in the drainage fluid on or after POD 3 was
more than three times the upper limit of the normal serum
level.30 A grade B fistula (fistula requiring any therapeutic
intervention) or higher was regarded as clinically significant.
Abdominal drainswere removed on POD4 in patients without
POPF. Overall postoperative complications were classified
according to the Clavien–Dindo criteria.31

Evaluated Factors

Factors potentially associated with the formation of POPF
were analyzed in the present study: age, sex, histologic diag-
nosis, lesion location, comorbidities, preoperative body mass
index,32 blood test results (serum albumin level, total lympho-
cyte count, hemoglobin concentration, platelet count, cholin-
esterase level, and serum level of nutritional factors including
prealbumin, transferrin, and retinol-binding protein), texture
of the remnant pancreas, MPD diameter, operative time, blood
loss volume, and intraoperative blood transfusion.

Measurement of Estimated Pancreatic Parenchymal
Remnant Volume by Preoperative Computed
Tomography

All patients underwent preoperative multiphasic computed to-
mography (CT) using a 64-channel multidetector CT scanner
(Aquilion; Toshiba Medical Systems Corporation, Tokyo,
Japan) following administration of intravenous contrast mate-
rial. The estimated pancreatic parenchymal remnant volume

Fig. 1 Elevated jejunum (EJ) patch placement using the modified
Blumgart technique. a Two U-sutures were placed with both arms
through the pancreatic stump and a 10- to 15-mm longitudinal suture
through the seromuscular layer of the EJ. b Sutures were then placed
through the seromuscular layer of the jejunum 5 to 7 mm lateral to the
previous sutures. c These sutures were then tied to approximate the
pancreas and jejunum. This procedure completely covered the
pancreatic stump with the jejunal serosa. After completion of the EJ

patch, end-to-side anastomosis of the jejunum was performed. d
Preoperative CT examination of the pancreas was performed to measure
the estimated volume of the pancreatic remnant after distal
pancreatectomy. The borders of the estimated pancreatic parenchymal
remnant and the estimated transection line were outlined on every CT
slice (gray area), and the corresponding volume was calculated as the
product of the pancreatic parenchymal area times the slice thickness
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was measured on transverse sections by two independent phy-
sicians who were blinded to the postoperative outcomes, as
previously reported.10,33 Briefly, serial transverse CT images
were obtained at 2.0-mm intervals, the borders of the estimat-
ed pancreatic parenchymal remnant and the estimated transec-
tion line were outlined on every CT slice, and the correspond-
ing volume was calculated as the product of the pancreatic
parenchymal area times the slice thickness (Fig. 1d). In pa-
tients with anMPD diameter of ≥2 mm, the MPD volume was
also calculated. The estimated pancreatic parenchymal rem-
nant volume was calculated by subtracting the estimated rem-
nant MPD volume from the estimated whole pancreatic rem-
nant volume.

Statistical Analysis

Before matching, baseline characteristics and surgical
outcomes were compared between the no EJ patch and
EJ patch groups. Differences in the numerical data be-
tween the two groups were examined using the chi-
squared tes t or Fisher ’s exact tes t when n < 5.
Differences in quantitative variables between the two
groups were evaluated using Student’s t test or the
Mann–Whitney U test if the distribution was abnormal.

To reduce the impact of treatment selection bias and poten-
tial confounding in an observational study, matching between
the no EJ patch and EJ patch groups was performed by

Table 1 Demographic and
clinical characteristics of all
unmatched patients

No EJ patch group
(n=39)

EJ patch group
(n=42)

P value

Age in years, median (range) 66.5 (28–82) 65.0 (36–89) 0.881

Sex, male/female 23/16 23/19 0.702

Disease, n (%) 0.404

Pancreatic cancer 26 (67) 21 (50)

IPMN 6 (15) 8 (19)

Mucinous cystic neoplasm 3 (8) 4 (10)

Metastatic tumor 2 (5) 1 (2)

Pancreatitis 1 (3) 2 (5)

Others 1 (3) 6 (14)

Lesion location, n (%) 0.320

Body 25 (64) 20 (48)

Body and tail 5 (13) 7 (17)

Tail 9 (23) 15 (36)

Comorbidity, n (%)

Diabetes mellitus 16 (41) 15 (36) 0.623

Cardiovascular disease 6 (15) 4 (10) 0.423

Pulmonary disease 1 (3) 5 (12) 0.109

Hypertension 9 (23) 10 (24) 0.938

Pancreatitis 8 (21) 5 (12) 0.292

Previous abdominal surgery 6 (15) 12 (29) 0.154

Preoperative BMI, median (range) 22.2 (15.1–35.0) 21.6 (14.5–32.5) 0.795

Preoperative chemotherapy 0 0 1.000

Preoperative blood tests, mean±SD

Albumin (g/dL) 4.0±0.3 4.2±0.4 0.062

Total lymphocyte count (/mm3) 1485±487 1378±575 0.342

Hemoglobin (g/dL) 13.0±1.4 13.0±1.4 0.949

Platelet count (×104/mm3) 19.6±4.0 19.1±5.4 0.635

Cholinesterase (IU/L) 303±89 300±75 0.832

Prealbumin (mg/dL) 24.8±6.0 24.1±5.3 0.610

Transferrin (mg/dL) 3.1±1.0 3.0±1.0 0.764

Retinol-binding protein (mg/dL) 228±27 238±35 0.257

Estimated remnant pancreatic volume (cm3), mean±SD 31.2±7.0 30.6±6.8 0.698

EJ elevated jejunum, IPMN intraductal papillary mucinous neoplasm, BMI body mass index, SD standard
deviation
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estimating a propensity score for each patient and matching
the patients from each group in a 1:1 ratio. A logistic regres-
sion model using eight covariates was performed to estimate
the propensity score. The selected eight variables were clini-
copathologic factors that could affect the postoperative out-
come and treatment selection.34,35 These included five contin-
uous variables (age [years], preoperative bodymass index [kg/
m2], operative time [min], intraoperative blood loss [mL], and
the estimated pancreatic parenchymal remnant volume [cm3])
and three categorical variables (sex [male or female], history
of preoperative diabetes mellitus, and texture of pancreatic
remnant [soft or hard]). Each patient in the EJ patch group
was matched to a patient in the no EJ patch group using
greedy nearest neighbor matching at a ratio of 1:1 within a
specified caliper width.36,37 This matching was performed
without replacement using a caliper width of 0.2 standard
deviations of the logit of the estimated propensity score.38

After propensity score matching, multivariable linear re-
gressions for the length of the postoperative hospital stay,

length of drain placement, and drainage fluid amylase level
on POD 1, 3, and 5 were performed with adjustment for pro-
pensity scores. Logistic regressions for clinically relevant
POPF (grade B/C), intra-abdominal abscess formation, and
postoperative ileus were also conducted with adjustment for
propensity scores. Predictive factors for clinically relevant
POPF were evaluated using binomial logistic regression anal-
ysis. Statistical analysis was performed using SAS software,
version 9.3 (SAS Institute, Inc., Cary, NC, USA). A P value of
<0.05 was considered statistically significant.

Results

Characteristics and Preoperative Status of all Unmatched
Patients

The characteristics, preoperative status, and preoperative
blood test results of all patients (n=81) are summarized in

Table 2 Perioperative details and
postoperative complications of all
unmatched patients

No EJ patch group
(n=39)

EJ patch group
(n=42)

P value

Operative time (min), median (range) 253 (163–473) 279 (150–468) 0.370

Intraoperative blood loss (mL), median (range) 385 (108–1278) 235 (12–1618) 0.046

Intraoperative blood transfusion, n (%) 1 (3) 3 (7) 0.342

Texture of remnant pancreas, soft/hard 28/11 38/4 0.031

Diameter of the main pancreatic duct (mm), mean±SD 1.8±1.8 1.9±1.8 0.119

Combined resection of other organs, n (%) 5 (13) 2 (5) 0.197

Overall postoperative complications, n (%) 26 (67) 23 (55) 0.274

Clavien–Dindo grade ≥III, n (%) 5 (13) 6 (14) 0.848

POPF, n (%) 0.043

Grade A 10 (25) 14 (34)

Grade B 13 (33) 3 (7)

Grade C 1 (3) 1 (2)

Clinically relevant POPF (Grade B/C), n (%) 14 (35) 4 (10) 0.006

POPF-related hemorrhage, n (%) 1 (3) 1 (2) 0.986

Length of drain placement (days), median (range) 12 (4–89) 9 (4–42) 0.030

Intra-abdominal abscess, n (%) 10 (25) 6 (15) 0.241

Ileus, n (%) 3 (8) 3 (7) 0.975

Bacteremia, n (%) 1 (3) 0 (0) 0.308

Wound infection, n (%) 1 (3) 1 (2) 0.986

Others, n (%) 3 (8) 7 (17) 0.190

Abdominal paracentesis, n (%) 3 (8) 4 (10) 0.718

Reoperation, n (%) 1 (3) 2 (5) 0.571

Readmission, n (%) 2 (5) 2 (5) 0.980

Thirty-day mortality, n (%) 0 (0) 0 (0) 1.000

In-hospital mortality, n (%) 1 (3) 0 (0) 0.308

Postoperative hospital stay (days), median (range) 17 (9–119) 11 (8–54) 0.006

Some patients had multiple postoperative complications

Bold characters, statistically significant

EJ elevated jejunum, SD standard deviation, POPF postoperative pancreatic fistula
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Table 1. There were no significant differences in median age
or sex between the no EJ patch group and EJ patch group. The
two groups did not differ significantly in terms of preoperative
comorbidities including a history of diabetes mellitus. The
preoperative albumin level, total lymphocyte count, hemoglo-
bin concentration, platelet count, cholinesterase level, and
levels of rapid-turnover proteins including prealbumin, trans-
ferrin, and retinol-binding protein were also similar in both
groups. No significant difference was found in the estimated
pancreatic parenchymal volume.

Perioperative Details and Postoperative Complications
in Unmatched Patients

Table 2 shows the perioperative status and postoperative com-
plications of the two groups. The operative time tended to be
longer in the EJ patch group, although there was no significant
difference. The performance of intraoperative blood transfu-
sions, diameter of the MPD, and incidence of combined

resection of other organs were comparable between the two
groups; however, no significant differences were found in the
blood loss volume or texture of the remnant pancreas.

The overall postoperative complication rate tended to be
lower in the EJ patch group than in the no EJ patch group
(55 vs 67 %, respectively; P=0.274). The rate of clinically
relevant POPF (grade B/C) formation was significantly lower
(10 vs 35 %, respectively; P=0.006) and the median duration
of drain placement was significantly shorter (9 vs 12 days,
respectively; P=0.030) in the EJ patch group. POPF-related
intra-abdominal hemorrhage was found in one patient in each
group. The incidence of postoperative ileus and infectious
complications including intra-abdominal abscess formation,
bacteremia, and wound infection were also statistically similar
between the two groups. There was no case of 30-day mortal-
ity in either group, and in-hospital death occurred in one pa-
tient in the no EJ patch group. The median length of the post-
operative hospital stay was significantly shorter in the EJ
patch group (11 vs 17 days, respectively; P=0.006).

Table 3 Comparison of baseline
characteristics and perioperative
details in propensity score-
matched patients

No EJ patch group
(n=25)

EJ patch group
(n=25)

P value

Age (years), median (range) 67 (28–81) 65 (44–89) 0.835

Sex, male/female 13/12 14/11 0.777

Disease, n (%) 0.084

Pancreatic cancer 19 (76) 9 (36)

IPMN 1 (4) 5 (20)

Mucinous cystic neoplasm 2 (8) 3 (12)

Metastatic tumor 2 (8) 1 (4)

Pancreatitis 0 2 (8)

Others 1 (4) 5 (20)

Lesion location, n (%) 0.137

Body 17 (68) 10 (40)

Body and tail 3 (12) 5 (20)

Tail 5 (20) 10 (40)

Comorbidity, n (%)

Diabetes mellitus 9 (36) 10 (40) 0.771

Cardiovascular disease 3 (12) 3 (12) 1.000

Pulmonary disease 1 (4) 4 (16) 0.157

Hypertension 8 (32) 5 (20) 0.333

Pancreatitis 6 (24) 4 (16) 0.480

Previous abdominal surgery 3 (12) 7 (28) 0.157

Preoperative BMI, median (range) 22.3 (15.1–30.1) 21.7 (14.5–32.5) 0.773

Estimated remnant pancreatic volume (cm3), mean±SD 31.1±6.1 31.1±6.4 0.975

Operative time (min), median (range) 289 (185–389) 248 (150–492) 0.720

Intraoperative blood loss (mL), median (range) 430 (154–1027) 392 (57–1053) 0.367

Intraoperative blood transfusion, n (%) 0 (0) 3 (12) 0.074

Texture of remnant pancreas, soft/hard 19/6 21/4 0.480

EJ elevated jejunum, IPMN intraductal papillary mucinous neoplasm, BMI body mass index, SD standard
deviation
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Analysis of Propensity Score-Matched Patients

To reduce the impact of selection bias, propensity score
matching was performed using eight selected baseline charac-
teristics. After 25 patients in each group were matched, the
statistical differences between the twomatched groups in terms
of the blood loss volume and texture of the remnant pancreas
disappeared (P=0.367 and P=0.480, respectively) (Table 3).

Figure 2 shows comparisons of drainage fluid amylase
concentrations in matched patients. The median amylase con-
centration was significantly lower in the EJ patch group than
in the no EJ patch group on POD 1 (2466 vs 4070 IU/L,
respectively; P=0.025) and POD 3 (577 vs 1437 IU/L, respec-
tively; P=0.047). Table 4 shows the results of the multivariate
linear regressions. The drainage fluid amylase levels on POD

1 and 3 were 2607.57 and 1185.64 IU/L less in the EJ patch
group than in the no EJ patch group (95% confidence interval,
–4569.78 to –645.36; P=0.010 and 95 % confidence interval,
–2030.45 to –340.83; P=0.007, respectively). Table 5 shows
the results of the multivariate logistic regressions in which the
incidence of clinically relevant POPF (grade B/C) was signif-
icantly lower in the EJ patch group (odds ratio, 0.18; 95 %
confidence interval, 0.03–0.97; P=0.036) and was not associ-
ated with the presence of overall postoperative complications,
intra-abdominal abscess formation, or postoperative ileus.

Factors Predicting Clinically Relevant POPF

The factors predicting POPF in propensity score-matched pa-
tients are shown in Table 6. Univariate analyses showed that a

Table 4 Multivariate linear
regressions of EJ patch group
with reference to no EJ patch
group in propensity score-
matched patients

Outcome Regression coefficient 95 % CI P value

Amylase level of drainage fluid on POD 1 (IU/L) –2607.57 −4569.78 to −645.36 0.010

Amylase level of drainage fluid on POD 3 (IU/L) –1185.64 −2030.45 to −340.83 0.007

Amylase level of drainage fluid on POD 5 (IU/L) −87.42 −365.49 to 190.64 0.530

Length of drain placement (days) −1.39 −6.32 to 3.54 0.573

Postoperative hospital stay (days) −10.97 −23.87 to 1.93 0.094

Two matched groups were treated as unpaired independent groups. Multivariate linear regressions were per-
formed with adjustment for propensity scores

Bold characters, statistically significant

EJ elevated jejunum, CI confidence interval, POD postoperative day
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Fig. 2 Comparison of amylase concentration in the drainage fluid in
matched patients. The median amylase concentration was significantly
lower in the elevated jejunum (EJ) patch group than in the no EJ patch

group on postoperative day (POD) 1 (2466 vs 4070 IU/L, respectively;
P=0.025) and POD 3 (577 vs 1437 IU/L, respectively; P=0.047)
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lower preoperative total lymphocyte count and a larger esti-
mated remnant pancreatic volume were significantly

associated with POPF formation, and that POPF forma-
tion was significantly less frequent in the EJ patch group
than in the no EJ patch group. Multivariate analysis
showed that the EJ patch technique was an independent
predictor of a lower rate of clinically relevant POPF for-
mation (odds ratio, 0.16; 95 % confidence interval, 0.01–
0.48; P=0.017) as was the estimated remnant pancreatic
volume (odds ratio, 4.23; 95 % confidence interval,
2.74–12.64; P=0.011)

Discussion

Pancreatic surgeons worldwide have attempted to develop
various techniques to reduce the incidence of POPF formation
after DP, including staple closure and transection by energy
devices; however, all attempts have failed to show clinical
benefits. Recently, new surgical stapler devices including the
Endo-GIA reloads with Tri-staple Technology (Covidien,
New Haven, CT, USA) or ECHELON FLEX Powered
ENDOPATH Stapler (Ethicon Endo-Surgery, Cincinnati,
OH, USA) have been developed. In a recent single-
institution randomized controlled trial of staple closure with
mesh reinforcement, the incidence of POPF at 1.9 % was
outstandingly low when compared with previous reports of
staple closure.39 However, this contradicts the fact that staple
closure was associated with a significantly higher incidence of
POPF in the largest consecutive series.7

Table 6 Predictive factors of clinically relevant postoperative pancreatic fistula in propensity score-matched patients

Variables Univariate Multivariate

Odds ratio 95 % CI P value Odds ratio 95 % CI P value

Age (years) 1.06 0.99–1.15 0.113

Sex (male) 2.33 0.56–12.03 0.250

Pancreatic cancer 1.23 0.30–5.43 0.775

Preoperative diabetes mellitus 1.11 0.25–4.55 0.885

Comorbidity 3.41 0.54–66.68 0.213

Preoperative body mass index (kg/m2) 1.11 0.93–1.34 0.243

Preoperative total lymphocyte count (per 103 mm3) 0.46 0.21–0.97 0.041 2.10 0.85–4.34 0.086

Preoperative serum albumin (g/dL) 0.41 0.04–3.44 0.412

Preoperative serum cholinesterase (per 102 IU/L) 0.56 0.17–1.43 0.252

EJ patch 0.18 0.03–0.85 0.029 0.16 0.01–0.48 0.017

Operative time (per 102 min) 0.97 0.35–2.43 0.951

Intraoperative blood loss volume (per 102 mL) 0.92 0.74–1.08 0.336

Pancreatic texture (soft) 2.25 0.34–44.54 0.437

Diameter of the main pancreatic duct (mm) 1.65 0.80–1.43 0.495

Combined resection of other organs 3.08 0.36–21.79 0.275

Estimated remnant pancreatic volume (per 10 cm3) 4.83 1.38–22.30 0.012 4.23 2.74–12.64 0.011

Bold characters, statistically significant

CI confidence interval, EJ elevated jejunum

Table 5 Multivariate logistic regressions of EJ patch group with
reference to no EJ patch group in propensity score-matched patients

Outcome Odds ratio 95 % CI P value

Overall postoperative complications

Absent Reference

Present 0.51 0.16–1.60 0.246

Clavien–Dindo classification

Grade≤II Reference

Grade≥III 1.57 0.24–10.35 0.638

Postoperative pancreatic fistula

None or grade A Reference

Grade B or C 0.18 0.03–0.97 0.036

Intra-abdominal abscess

Absent Reference

Present 0.60 0.15–2.47 0.479

Ileus

Absent Reference

Present 0.49 0.04–5.94 0.577

Two matched groups were treated as unpaired independent groups. Mul-
tivariate logistic regressions were performed with adjustment for propen-
sity scores

Bold characters, statistically significant

EJ elevated jejunum, CI confidence interval
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With respect to the methods used for reinforcement of the
pancreatic stump, some small-cohort studies showed that the
addition of a falciform ligament patch reduced the rate of
POPF; however, a recent randomized controlled trial denied
the efficacy of this technique.24 The efficacy of seromuscular
patches of the digestive tract has not yet been fully addressed.
Moriura et al.19 proposed a unique but complicated method
involving a pedicled seromuscular flap of the stomach or je-
junum, but did not report the surgical outcome. Kluger et al.20

described four cases of staple closure with a gastric wall patch.
Oláh et al.26 compared staple closure alone and staple closure
with a seromuscular jejunal patch in a randomized controlled
trial and reported that the incidence of clinically relevant
POPF was comparable between the two techniques. The tech-
niques described in these studies involved simple suturing
between the pancreatic stump and the wall of the digestive
tract, including the stomach or small intestine. Some recent
reports of pancreaticojejunostomy in patients undergoing
pancreatoduodenectomy described high efficacy and credibil-
ity of Blumgart anastomosis,40,41 and we have herein reported
a simplified version of this technique with even better opera-
tive results.23 In the present study, a modified Blumgart sutur-
ing method was applied to DP, and the efficacy of the addition
of an EJ patch using this modified Blumgart technique was
compared with that of scalpel transection alone by propensity
score-matched analysis to reduce treatment selection bias. We
chose the jejunum, not the stomach, to reinforce the pancreatic
stump because delayed gastric emptying reportedly occurs at a
high rate (13.9 %) among patients who undergo seromuscular
patch placement using the stomach wall.7 Addition of the EJ
patch significantly reduced the median amylase concentration
in the drainage fluid and the incidence of clinically relevant
POPF, and shortened both the length of drain placement and
postoperative hospital stay. This technique may have some dis-
advantages associated with bowel transection; however, there
were no significant differences in the operative blood loss vol-
ume or postoperative complications, including ileus. The oper-
ative time tended to be longer in the EJ patch group, but not
significantly so presumably because of the short time necessary
for the EJ patch placement. Our multivariate analysis showed
that the estimated remnant pancreatic parenchymal volume and
addition of the EJ patch were independent predictors of POPF
formation. This result is compatible with previous reports.10,33

The estimated remnant pancreatic volume was confirmed to be
significantly associated with pancreatic juice secretion and the
drain amylase content, supporting our result that patients with a
large remnant pancreatic parenchyma volume have a high ca-
pacity for secretion of pancreatic juice and thus a higher rate of
POPF formation, although most surgeons attempt to conserve
the pancreatic parenchyma to prevent endocrine dysfunction.

The limitation of this study is its nonrandomized design.
Despite efforts to control for baseline factors by matching, this
was not a prospective, randomized trial, and the two groups of

patients were not the same. Although there may be concern
that the incidence of POPF formation (32 %) was rather high
among the matched patients in the no EJ patch group, the
incidence of POPF was 28 % in the hand-sewn group of the
DISPACT study6; thus, there appears to be no considerable
difference. The length of postoperative stay in the present
study was slightly longer than that in previous reports. This
probably reflects the differences inmedical insurance systems,
including lower hospitalization fees, and the fact that the post-
operative stay in Japan generally tends to be much longer than
that in other developed countries, as previously described.42,43

Conclusions

In conclusion, addition of the EJ patch is safe and simple and
improves postoperative outcomes in patients undergoing open
DP with scalpel transection and hand-sewn closure of the
pancreatic remnant combined with splenectomy. We suggest
that the EJ patch is suitable for use as a standard method of
reinforcement after DP and could be more beneficial if added
to staple closure with mesh reinforcement or laparoscopic
pancreatectomy.
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