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Abstract

Background Delayed gastric emptying (DGE) is one of the most troublesome complications after pancreaticoduo-
denectomy (PD).

Methods Between 2004 and 2009, 387 patients underwent PD and of these, 302 patients (78%) underwent pylorus-
preserving PD. The stapled reconstruction of duodeno- or gastrojejunostomy was introduced in 2006, and 70 patients (18%)
underwent stapled Roux-en-Y reconstruction. Postoperative DGE was defined based on the International Study Group on
Pancreatic Surgery classification, and grade B or C DGE was considered to be clinically relevant. Risk factors for DGE
were evaluated using univariate and multivariate analyses.

Results Four patients died in the hospital (1.0%). Postoperative DGE was found in 70 patients (18%). DGE was less
frequently seen in stapled reconstruction than in hand-sewn reconstruction (7.2% vs. 21%, P<0.001), and in single-layer
anastomosis than in double-layer anastomosis (12% vs. 24%, P=0.02). The multivariate logistic regression analysis
revealed that the independent risk factors for DGE were postoperative pancreatic fistula (risk ratio [RR] 2.4, P=0.002),
hand-sewn reconstruction (RR 2.9, P=0.03) and male (RR 2.2, P=0.02).

Conclusion The method of alimentary reconstruction affected the occurrence of DGE. The incidence of DGE was less in
stapled reconstruction than in hand-sewn reconstruction.

Keywords Pancreaticoduodenectomy - Delayed gastric Introduction
emptying - Stapled reconstruction - Hand-sewn
reconstruction The recent advances in imaging studies, surgical techni-

ques, and perioperative management have decreased the
mortality rate of pancreaticoduodenectomy (PD) to less
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incidence of DGE is now widely evaluated using the
universal criteria.'”

We previously reported the preliminary results of stapled
reconstruction during PD.'? Alimentary reconstruction
using staplers during gastric and colorectal surgery is a
widely accepted technique.'*'> The use of circular staplers
in esophagojejunostomy is more convenient and safer than
hand-sewn suturing. Colorectal anastomoses using the
double stapling technique have also become popular,
especially since the advent of laparoscopic surgery.'®
Recent advances in laparoscopic surgery allow PD to be
performed under laparoscopic guidance'’; thus, it has
become necessary to establish the feasibility of stapled
alimentary reconstruction. To our knowledge, the clinical
efficacy of stapled reconstruction using staplers during PD
has not been elucidated.

The primary objective of this study is to analyze the
risk factors for relevant DGE among 387 patients who
underwent PD in 2004-2009 in a Japanese high-volume
center. In this study, we defined DGE on the basis of
the international definition and analyzed the clinicopath-
ological variables that influenced the occurrence of
grade B or C DGE. The secondary objective is to study
the clinical impact of stapled reconstruction on the
occurrence of DGE.

Methods

From 2004 to 2009, 387 patients underwent PD at our
institute. Diseases included invasive pancreatic cancer in
202 patients, bile duct cancer in 50 patients, intraductal
papillary mucinous neoplasm in 37 patients, ampullary or
duodenal cancer in 53 patients, neuroendocrine tumor in
eight patients, gallbladder or cystic duct cancer in seven
patients, solid pseudopapillary tumor or gastrointestinal
tumor in six patients, metastatic cancers in four patients,
pancreatitis or autoimmune disease in seven patients, and
other diseases in 13 patients. Six attending surgeons (TK,
KS, TS, YS, ME, and SN) performed or controlled all the
surgeries; of these six surgeons, three had more than
20 years of surgical experience, while the remaining three
surgeons had less than 20 years of experience. One chief
resident and four residents attended the surgical manage-
ment in turn.

Surgical Procedures of PD

The details of our standard surgical procedure of PD
have been described elsewhere.'® Preoperative biliary
drainage in 187 patients (48%) was performed either in
the previous hospital or in our institute: only percuta-
neous biliary drainage (PTBD) in 103 patients, only
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endoscopic retrograde biliary drainage in 63 patients,
and both PTBD and retrograde biliary drainage in 21
patients. The remaining 200 patients underwent PD
without biliary drainage. PD was performed when the
serum bilirubin concentration decreased less than 5 mg/
dL. Patients received preoperative intravenous antibiotic
prophylaxis, using a second-generation cephalosporin.
After the removal of the pancreatic head, we routinely
wrapped the stump of the gastroduodenal artery using
the falciform ligament to prevent the bleeding caused by
the pancreatic leakage.'” Surgical procedures included
pylorus-preserving PD (PPPD) in 296 patients, classical
Whipple procedure (CW) or subtotal stomach-preserving
PD (SSPPD) in 83 patients, PPPD plus limited hepatic
resection in one patient, CW plus limited hepatic
resection in two patients, and PPPD plus extended right
hemihepatectomy in five patients. CW and SSPPD were
not strictly distinguished, and the resection of the
pyloric ring and antrum was performed according to
the tumor extension or to the preference of the attending
surgeon. The combined portal vein resection was
performed in 83 patients (21%) out of 387 patients. In
382 patients, pancreaticojejunostomy was performed by
duct-to-mucosa anastomosis in 342 patients, dunking
method in 36 patients, and other methods in four
patients. The pancreatic parenchyma was sewn to the
jejunal wall by two-layer anastomosis in 324 patients,
by Kakita’s method®® in 39 patients, and by other
methods in 19 patients. In five patients, pancreaticojeju-
nostomy was not performed.

Stomach Reconstruction by Conventional Hand-Sewn
Method

Duodenojejunostomy was performed in PPPD in 249 patients,
gastrojejunostomy in 67 patients undergoing CW or SSPPD,
and jejunojejunostomy in one patient who had previously
undergone total gastrectomy. Duodenojejunostomy and
gastrojejunostomy were performed by the Gambee
anastomosis in 84 patients, Albert—Lembert anastomosis
in 198 patients, and layer-to-layer anastomosis in 31
patients. A Braun jejunojejunostomy was performed to
prevent direct exposure of bile and pancreatic juice to
the anastomotic site.

Stapled Roux-en-Y Reconstruction

All of the stapled reconstruction was performed by one of
the authors (YS) since August 2006, and YS performed all
of the alimentary reconstruction using staplers since then.
The details of stapled Roux-en-Y reconstruction have been
described elsewhere.'® Briefly, an antecolic duodenojeju-
nostomy was performed by Roux-en-Y reconstruction
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using a circular stapler in 53 PPPDs (Proximate ILS™ 25
or 29 mm, Ethicon Endo-Surgery, Cincinnati, OH [n=19],
EEA circular stapler, 25 or 28 mm, US Surgical, Norwalk,
CT [n=34]). An antecolic gastrojejunostomy was per-
formed by Roux-en-Y reconstruction using a linear stapler
(ENDO-GIA ROTICULATOR™ 60, US Surgical, Norwalk,
CT) in six CWs. A circular stapler was used to perform a
gastrojejunostomy on the posterior wall of the stomach in 10
SSPPDs. In the remaining one patient who underwent total
gastrectomy and PD, an esophagojejunostomy was performed
using a circular stapler.

Postoperative Management

Two closed drains (8 or 10 mm in diameter) were
inserted beside the pancreatojejunostomy and the drain-
age fluid was intermittent suctioned. The nasogastric
tube was removed on postoperative day (POD) 1. The
reinsertion of the gastric tube or opening of the
gastrostomy was performed if the patient complained
of nausea or vomiting and/or if severe distention of the
stomach was observed on abdominal radiography. No
patient was administered erythromycin or octreotide
postoperatively. Patients were discharged from the
hospital when they could eat almost half of their regular
diet and had one abdominal drain left with minimal
output.

Definition of Outcome Measures

POPF was defined according to the definition proposed by
the International Study Group on Pancreatic Fistula,”' i.c.,
when the amylase concentration of the drain fluid obtained
on or after POD 3 was greater than three times the upper
range of serum amylase concentration. POPF was classified
into grades A, B, and C according to severity: briefly, grade
A, fistula was a “transient fistula” not associated with a
delay in hospital discharge; grade B, fistula led to a delay in
discharge, with persistent drainage for more than 3 weeks;
and grade C, fistula was usually associated with major
complications. Grade B or C fistulac were considered to
constitute clinically relevant POPF.

An upper gastrointestinal (UGI) study using an oral
contrast medium was conducted between POD 4 and 7 at
the discretion of the attending surgeon. A UGI score was
calculated according to the degree of passage of the contrast
medium grade A, good passage of the medium without
stasis in the stomach; grade B, mild dilatation of the
remnant stomach or formation of niveau in the stomach and
passage of the medium maintained when the patient
changes the position; and grade C, severe dilatation of the
remnant stomach or no passage of the contrast medium to
the jejunum.

DGE was classified into grades A, B, and C according to
the definition proposed by the International Study Group of
Pancreatic Surgery'': grade A, unable to tolerate solid oral
intake by POD 7 and usually no vomiting; grade B, unable
to tolerate solid oral intake by POD 14 with/without
vomiting; and grade C, unable to tolerate solid oral intake
by POD 21 with/without vomiting. Reinsertion of the
gastric tube or opening of the gastrostomy on or after POD
7 was considered to be indicative of DGE. Because the
timing of serving food was influenced by the preference of
each attending surgeon, grade A was not considered to be a
clinically relevant complication, but grade B and C DGE
were. The complications other than POPF and DGE were
classified according to the criteria proposed by Clavien and
Dindo,?” and only the complications related grade 2 above
were recorded.

Univariate and Multivariate Analysis of Risk Factors
for DGE

The univariate analysis of risk factors for DGE (grade B or
C) was performed in relation to the following clinicopath-
ological variables: operative period (2004—2006 vs. 2007—
2009), age (=65, <65 years), gender, body mass index
(=25, < 25 kg/m?), presence of diabetes mellitus, perfor-
mance of preoperative biliary drainage, disease (pancreatic
cancer vs. others), presence of background pancreatitis, size
of the main pancreatic duct (=3 mm, <3 mm), surgical
procedures (PPPD vs. CW or SSPPD), combined portal
vein resection, intraoperative radiation therapy, method
of pancreaticojejunostomy (duct-to-mucosa anastomosis
vs. dunking method), method of duodeno-/gastrojejunostomy
(stapled vs. hand-sewn reconstruction), surgical experience of
the attending surgeons (=20 years, <20 years), operative
time (=500 min, <500 min), blood loss (=750 ml,
<750 ml), results of bile juice culture on day 1, and
POPF (absent or grade A vs. grade B or C). The
thresholds of age, operative time, and blood loss were
determined on the basis of the median value of each
parameter. Multivariate analysis was performed using the
significant factors in the univariate analysis.

Statistical Analysis

Analysis was performed using SPSS for Windows statisti-
cal software (SPSS Inc., Chicago, IL). The chi-square test
or Fisher’s exact test was used for univariate analysis, and
the Mann—Whitney U test was used to compare the
variables between the two groups. A multivariate analysis
of the risk factors for DGE was performed using logistic
regression analysis. Data were expressed as median and
range. A P value of less than .05 was considered
statistically significant.
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Results

Four patients (1.0%) died in the hospital as a result of
the surgery: massive bleeding caused by POPF in two
patients, Guillain—Barre syndrome in one patient, and
congestion of the portal venous system in one patient.
The overall surgical complications are summarized in
Table 1. Reoperation was performed in eight patients
(2%). Other than the complications in Table 1, one patient
who underwent hand-sewn reconstruction developed anas-
tomotic leak, and four patients who underwent stapled
reconstruction developed anastomotic bleeding on POD 1
in one, POD 9 in two, and POD 16 in one. No anastomotic
leakage was found in the group of stapled reconstruction.
All four patients underwent endoscopic clipping of the
bleeding points, and they recovered conservatively.

Table 1 Summary of postoperative complications of 387 patients
who underwent pancreaticoduodenectomy

Grade n (%)
POPF (n=197, 51%) A 56 15
B 129 33
C 12 3
DGE (n=188, 49%) A 118 31
B 38 9.8
C 32 8.3
Wound infection (n=38, 9.8%) 2 32 8.3
3a 1 0.3
3b 1 0.3
Pneumonia (n=15, 3.9%) 2 10 2.6
3a 2 0.3
4a 2 0.3
5 1 0.3
Intra-abdominal bleeding (n=11, 2.8%) 3a 1 0.3
3b 2 0.5
4a 5 0.3
4b 1 0.3
5 2 0.5
Intra-abdominal abscess (=62, 16%) 2 31 8
3a 22 1.3
3b 2 0.3
4a 4 0.3
4b 1 0.3
2 0.5
Diarrhea (n=17, 4.4%) 2 17 44

Other complications are defined according to the classification of
Clavien and Dindo*

POPF postoperative pancreatic fistula—graded according to the
definition proposed by an International Study Group on Pancreatic
Fistula (ISGPF)*"* DGE delayed gastric emptying—defined by the
International Study Group of Pancreatic Surgery (ISPGS)"'
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Risk Factors for Grade B or C DGE

DGE was found in 188 patients (49%): grade A in 118
(31%) patients, grade B in 38 (9.8%), and grade C in 32
(8.3%), excluding four patients who died as a result of
surgery and one patient who did not undergo alimentary
reconstruction. In univariate analysis, male sex, hand-sewn
reconstruction, blood loss (=750 mL), and POPF (grade B
or C) were identified as significant risk factors for grade B
or C DGE (Table 2). Median hospital stay of patients
without relevant DGE (n=312) and with relevant DGE (n=
70) was 22 (9—-84) days and 43 (20—324) days, respectively
(P<0.001). Multivariate analysis also revealed hand-sewn
reconstruction, male sex, and grade B or C POPF as
independent risk factors (Table 3).

Comparison of the Results According to Methods
of Alimentary Reconstruction

There was a significant difference between stapled and
hand-sewn reconstructions in blood loss, incidence of re-
gastric drainage, days until regular diet, incidence of DGE,
and hospital stay (Table 4). Operative time was significant-
ly shorter in the group of double-layer anastomosis than in
the group of single-layer anastomosis. In hand-sewn
reconstruction, the incidences of DGE and re-gastric
drainage were significantly lower in single-layer anastomo-
sis (Gambee anastomosis, n=84) than in double-layer
anastomosis (Albert—Lembert or layer-to-layer anastomo-
sis, n=229; 12% vs. 24%, P=0.02). Days until regular diet
and hospital stay were significantly shorter in single-layer
anastomosis than those in double-layer anastomosis, al-
though there were no differences in sex, disease, operative
procedure, results of UGI study, and POPF between the 2
groups.

Discussion

DGE after PD is a unique complication, which is rarely
seen after distal pancreatectomy or distal gastrectomy. DGE
has been reported to be affected by several factors including
gastric dysrhythmias due to intra-abdominal complica-
tions,'®** gastric atony after duodenal resection in response
to reduction in motilin levels,”*** pylorospasm secondary
to vagotomy,”® angulation of the reconstructed alimentary
tract”” and continuous enteral nutrition.*** Several com-
parative retrospective studies have revealed that ante-
mesenteric reconstruction,'® vertical reconstruction,”’ and
antecolic reconstruction®™’! were associated with a de-
creased risk for DGE. Furthermore, some prospective
randomized trials have reported that erythromycin,’*
cyclic enteral feeding, rather than continuous enteral
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Table 2 Summary of clinicopathological factors of patients with and without delayed gastric emptying
Without DGE (n=312) With DGE (n=70) P value
Patient characteristics
Operative period 2004-2006 157 28 0.12
2007-2009 155 42
Age <65 147 28 0.28
>65 165 42
Sex Male 176 55 0.001*
Female 136 15
Body mass index <25 294 63 0.20
>25 18 7
Diabetes mellitus Absent 221 45 0.28
Present 91 25
Preoperative biliary drainage Not performed 160 35 0.85
Performed 152 35
Diseases Pancreatic cancer 165 35 0.66
Others 147 35
Background pancreatitis Absent 189 36 0.16
Present 123 34
Size of main pancreatic duct <3 mm 127 36 0.10
>3 mm 185 34
Surgical parameters
Operative procedure CW or SSPPD?* 64 19 0.22
PPPD 248 51
Portal vein resection Not performed 244 55 0.95
Performed 68 15
IORT Not performed 276 60 0.67
Performed 35 9
Pancreaticojejunostomy Duct-to-mucosa 281 58 0.21
Dunking 28 11
Braun anastomosis Braun or Roux-en-Y 244 62 0.054
No Braun 67 8
Duodeno/gastrojejunostomy Hand-sewn 248 65 0.009*
Stapled 64 5
Experience of the attending surgeons <20 years 163 28 0.06
>20 years 149 28
Operative time <500 min 159 30 0.22
>500 min 153 40
Blood loss <750 mL 165 24 0.005*
>750 mL 147 46
Postoperative factors
Bile juice culture on day 1 Negative 132 29 0.31
Positive 94 28
POPF Absent or grade A 214 30 <0.001*
Grade B or C 98 40

#Including two patients undergoing total gastrectomy for gastric cancer
*P<0.05

DGE delayed gastric emptying, CW classical Whipple procedure, SSPPD subtotal stomach preserving pancreaticoduodenectomy, PPPD pylorus-
preserving pancreaticoduodenectomy, /ORT intraoperative radiation therapy, POPF postoperative pancreatic fistula—graded according to the
definition proposed by an international study group on pancreatic fistula (ISGPF)?!

feeding,*” and antecolic reconstruction® were effective for
reducing the incidence of DGE. The present study is the
first to highlight the anastomotic method and show through
multivariate analysis that the method of alimentary recon-

struction of duodenojejunostomy or gastrojejunostomy
strongly influences the occurrence of DGE. The present
result implied that DGE could be initiated by anastomotic
edema or stenosis following a disturbance in blood supply,
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Table 3 Multivariate logistic regression of risk factors for delayed
gastric emptying (grade B or C)

Variables Risk ratio 95% CI P value
Hand-sewn reconstruction 2.888 1.094-7.623 0.03*
Sex (male) 2.189 1.145-4.183 0.02%*
POPF (grade B or C) 2.371 1.365-4.117 0.002*

*P<0.05

POPF postoperative pancreatic fistula—graded according to the
definition proposed by an international study group on pancreatic
fistula (ISGPF)*!

which in turn may accelerate the progression of gastro-
paresis. Stapled reconstruction rather than hand-sewn
reconstruction and single-layer anastomosis rather than
double-layer anastomosis were associated with decreased
risks for DGE and shorter hospital stay.

In this study, the definitions of POPF and DGE were
determined on the basis of the international definition
recently proposed by the International Study Group of
Pancreatic Surgery''' to avoid detection bias resulting
from the previously unclear definition. We regard grade A
DGE as a non-relevant complication because the slight
delay in starting a regular diet can be attributed to the
discretion of the attending staff. When a patient has a high
fever with relevant POPF in an early postoperative period,
the patient may be prohibited from oral feeding irrespective
of the presence of DGE, but this secondary fasting could
not be clearly distinguished from real DGE in a retrospec-
tive analysis. Therefore, we considered only grade B or C
DGE as a relevant complication.

Stapled alimentary reconstruction is now widely used in
gastric, colorectal, or esophageal surgery.'* ¢ The possible
advantages of stapled reconstruction are: standardized
approach irrespective of the operating surgeon, institution,
or surgical approach (open vs. laparoscopic); easy in
performing the reconstruction; and possible avoidance of
anastomotic edema and subsequent stricture formation. On
the other hand, its disadvantages include: high cost, risk of
bleeding at the anastomotic site, and mass-production of
industrial waste.'> Notably, in our previous study, the
operative costs were higher in the stapled group, but the
overall hospital costs were higher in the hand-sewn
group.”” Recent advances in laparoscopic surgery have
made it possible to perform PD for lower grade malignan-
cies and invasive cancer.'” Reconstruction of the stomach
using circular a stapler can become an indispensable step of
laparoscopic PD, and it is therefore mandatory to have a
clear grasp of the results of employing stapled alimentary
reconstruction during open PD.

Several authors have reported that some reconstructive
procedures, such as antecolic reconstruction,”®'* ante-
mesenteric reconstruction,'® and vertical reconstruction®”>%

@ Springer

reduce the incidence of DGE. In some historical studies,
the incidence of DGE was lower in the CW or SSPPD
group than in the PPPD group.’**> A possible reason
for a higher incidence of DGE in the PPPD group is
that duodenojejunostomy is narrower than gastrojejunos-
tomy, while the remnant stomach is larger in the PPPD
group than in the CW group, which might disturb the
passage of the food. However, three prospective ran-
domized trials and a meta-analysis have negated the
advantage of the CW over PPPD groups.*?>%*" In our
study, the incidence of DGE was comparable between CW
(or SSPPD) and PPPD groups (23% vs. 17%, P=0.22).
Based on a review of the literature and present results, it
seems that PPPD is not inferior to CW or SSPPD, and that
the operative procedure itself is not an essential factor for
the occurrence of DGE.

In the multivariate analysis, POPF was an independent
risk factor for DGE. Numerous researchers have reported
that DGE develops more frequently in patients with POPF
or peritonitis compared to those without such inflammatory
complications.*”'%!?*** POPF remains the leading lethal
complication after PD. The incidence of POPF (grade B or
C, 36%) in our series is much higher than those of the
previously reported series. This may be partly because the
amylase concentration in the drain fluid was measured
repeatedly until it decreased, and the decision to remove the
drain was made carefully and gradually. Such prolonged
drain placement may evoke retrograde infection in the
surgical site and may increase the risk for POPF. The
hospital stay of patients in this study was longer than that of
patients in the United States and Europe, which may be
attributed to the difference in insurance systems. However,
the mortality rate in our 387 cases of PD was 1%, which is
an acceptable rate and supports the safety of our perioper-
ative management.

In the multivariate analysis, sex was also an independent
risk factor for DGE; DGE was found more often in men
than in women. This finding is supported by those of other
reports,’'? but the underling pathogenesis remains unclear.
In our institute, POPF was more frequent in men than in
women,>® which could be attributed to the increased
incidence of DGE in men.

There is an argument that not stapled anastomosis,
but Roux-en-Y limb reconstruction or Braun reconstruc-
tion might influence on the incidence of DGE. In
patients with Braun anastomosis or Roux-en-Y limbs,
pancreatic and the bile juice are diverted through the
jejunal limb away from the stomach. However, no
significant difference was found in the incidence of
DGE between Braun or Roux-en-Y group and no-Braun
group (Table 2). It is difficult to speculate the clinical
impact of jejunal limb reconstruction on the occurrence of
DGE in this study.
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This is a single institutional, retrospective cohort
study of DGE in 387 patients who had undergone PD.
We performed a multivariate analysis using logistic
regression model and found that hand-sewn reconstruc-
tion was an independent risk factor of the occurrence of
DGE. But we must concede that the large variability
regarding the surgical procedures and techniques in our
institute might make it difficult to detect the influence
of a single variation on the occurrence of DGE. A
multi-institutional, prospective randomized trial is nec-
essary to objectively evaluate the clinical significance of
stapled reconstruction during PD.

We experienced 5.7% anastomotic bleeding in four
out of 70 patients who underwent stapled reconstruction,
while 0% in 317 patients who underwent hand-sewn
reconstruction, which should be a significant complica-
tion. Since the initial four bleeding events, we routinely
performed intraoperative hemostasis on the anastomotic
site via the jejunal loop, and thereafter, we experienced
no bleeding in the subsequent 50 patients. Stapled
reconstruction would be beneficial not only for patients
by reducing DGE, but also for surgeons because it is a
simple and easy method.

In conclusion, POPF, hand-sewn reconstruction, and sex
(male) were independent risk factors for DGE in the present
study on the cohort of 387 patients who had undergone PD.
The method of alimentary reconstruction affected the
occurrence of DGE. The incidence of DGE was more
frequent in patients with hand-sewn reconstruction than in
those with stapled reconstruction in our setting. A multi-
institutional, prospective randomized trial is necessary to
objectively evaluate the clinical significance of stapled
reconstruction during PD.
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