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Abstract

Objective: Recently, pancreaticogastrostomy (PG) has attracted renewed interest as a reconstruction

technique after pancreaticoduodenectomy (PD), as it may imply a lower risk of clinical pancreatic fistula

than reconstruction by pancreaticojejunostomy (PJ). We hypothesise that pancreatic exocrine insuffi-

ciency (PEI) is more common during clinical follow-up after PG than it is after PJ.

Research design and methods: This study compares the prevalence of PEI in patients undergoing PD

for malignancy with reconstruction by PG versus reconstruction by PJ. PEI during the first year of follow-

up was defined as the intake of pancreatic enzyme replacement therapy (PERT) within one year post-

operatively and/or an abnormal exocrine function test.

Results: A total of 186 patients, having undergone surgery at two university hospitals, were included in

the study. PEI during the first year postoperatively was present in 75.0% of the patients with PG,

compared to 45.7% with PJ (p < 0.001). Intake of PERT within one year after surgery was found to be

more prevalent in the PG group, i.e. 75.8% versus 38.5% (p < 0.001). There was a trend towards more

disturbed exocrine function tests after PG (p = 0.061).

Conclusions: PEI is more common with PG reconstruction than with PJ reconstruction after

pancreaticoduodenectomy for malignancy.
Received 23 June 2016; accepted 5 September 2016
Correspondence
Geert Roeyen, Department of Hepatobiliary, Endocrine and Transplantation Surgery, Antwerp University

Hospital, Wilrijkstraat 10, 2650 Edegem, Belgium. Tel: +32 3 821 43 27. Fax: +32 3 821 41 17.

E-mail: Geert.roeyen@uza.be
Introduction

In recent years, PG has attracted renewed interest as a recon-
struction method after PD. This technique might imply a lower
risk of clinically relevant pancreatic fistula1 (grades B and C
according to the International Study Group for Pancreatic Sur-
gery definition2), although two recent meta-analyses3,4 were
inconclusive with regard to this assumption. However, since
patients are increasingly undergoing PD for premalignant disease
(intraductal papillary mucinous neoplasm, neuroendocrine tu-
mours, mucinous cysts …), associated with better survival rates,
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physicians involved in pancreatic surgery should focus more on
postoperative function of the pancreatic remnant. Diabetes
mellitus, but also steatorrhoea, altered bowel function, and
frequent stools have a negative impact on the patient’s quality of
life.5,6

Many patients with PG reconstruction after PD seem to pre-
sent with PEI during clinical follow-up. A recent study also
suggests PG as an independent risk factor for PEI.7 We
hypothesise that PEI is more common during clinical follow-up
after PG than after PJ.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Methods

In this retrospective multicentre observational cohort study, PEI
was evaluated in two groups of patients undergoing PD for
suspected or histologically proven pancreatic head malignancy at
two high-volume pancreatic surgery centres (>30 PD per year8).
The patients having undergone surgery at Antwerp University

Hospital had reconstruction with PG, while the patients having
undergone surgery at Ghent University Hospital had recon-
struction with PJ. As the two standard reconstruction techniques
after PD at the respective hospitals, these particular reconstruc-
tion techniques were very familiar to the experienced surgeons
involved (>200 personal cases). All hospital records of these
patients since the introduction of PG at Antwerp University
Hospital between 2009 and 2015 have been reviewed. Patients
with preoperative clinical PEI (3 fatty stools per day or already
requiring PERT) were excluded from the analysis, as were pa-
tients lost to follow up or with insufficient data retrieval.
PEI during the first postoperative year was defined as the

intake of PERT within one year postoperatively and/or an
abnormal pancreatic exocrine function test (with 13C-labelled
mixed triglyceride breath test, faecal elastase determination or fat
absorption test). PERT was initiated based on clinical grounds,
when steatorrhoea was suspected. In most patients, an abnormal
function test confirmed the need for PERT. As PERT, Creon® was
administered. Creon® or pancreatin 300 mg is an enteric coated
capsule, containing 18.000 U amylase, 25.000 U lipase and 1000
U protease.
The most commonly used function test is the 13C-labelled

mixed triglyceride breath test. Few patients had a fecal elastase or
a fecal fat absorption test. During a 13C-labelled mixed triglyc-
eride breath test, 250 mg of the substrate 1.3-distearyl-(13C-
Carboxyl)octanol glycerol is mixed with a test meal and digested
in the small bowel through lipase. The breath test analyses the
cumulative recovery of 13CO2 (cumulative dose percentage) with
isotope ratio mass spectrometry. There is an excellent correlation
between bowel lipase activity and 13CO2 concentrations on the
breath. This test is considered more useful than the faecal elastase
test for evaluating PEI after pancreatic resection. Accuracy rates
for clinical symptoms, including clinical steatorrhoea, are 62%
for the faecal test and 88% for the breath test.9

Pancreatic consistency was appreciated by the surgeon and
noted in the operative report.
Pancreatic head resection was performed as pylorus-

preserving PD or as pylorus-resecting PD. With the latter, the
stomach is divided just proximal to the pylorus, and nearly the
entire stomach can be preserved. Standard regional lymphade-
nectomy was performed.10

Reconstruction with PG was performed, suturing the
pancreatic remnant to the posterior wall of the stomach. The
pancreatic remnant was freed over 2 cm and introduced over this
length into the stomach. Single-layer separate sutures, PDS 4/0,
were applied, with no stent being used. Hepaticojejunostomy
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and antecolic duodenojejunostomy were performed in pylorus-
preserving PD, and hepaticojejunostomy and gastro-
jejunostomy in pylorus-resecting PD.
Reconstruction with PJ was performed, suturing the pancre-

atic remnant “duct to mucosa” to the jejunal loop. An outer layer
of separate sutures, Prolene 4/0, was applied between the
pancreatic remnant capsula and the jejunal seromuscular layer,
which was opened over the length of the anastomosis. An inner
layer of 3–5 stitches, Prolene 4/0, sutured the pancreatic duct
separately to a small jejunal mucosal incision. The patency of the
anastomosis was checked with a silicone tube, but no stent was
left behind. Hepaticojejunostomy and antecolic duodenojeju-
nostomy were performed in pylorus-preserving PD, and hepa-
ticojejunostomy and gastrojejunostomy in pylorus-resecting PD.
Postoperative pancreatic fistula has been assessed according to

the ISPGS definition.2

Since pancreatic duct dilatation7 is considered a marker for
obstructive pancreatitis due to a pancreatic head mass leading to
atrophy of the pancreatic remnant, the diameter of the main
pancreatic duct was assessed on preoperative CT-scan or MRI
and/or on intraoperative measurement with dilatation probes.
The dilatation of the pancreatic duct in the remnant at the site of
implantation in the stomach or small bowel loop was also
assessed on postoperative CT-scan or MRI. The pancreatic duct
was considered not dilated up to 4 mm, and considered dilated
when it was 5 mm or more.
The intake of proton pump inhibitors was also evaluated in the

PG group because, theoretically, PEI could be explained by acid
disintegration of pancreatic lipase by gastric juice.
Informed consent and approval of the local Ethical Committee

was acquired (Belgian registration number: BE300201318590).
This study was conducted according to the ethical principles stated
in the ‘Declaration of Helsinki’ and in ‘Good Clinical Practice’.

Statistical analysis
Results were analysed using SPSS (version 23.0, Chicago, IL,
USA). The data are expressed as means (standard deviation) for
normally distributed continuous variables, and as medians
(range) for non-normally distributed continuous variables.
Categorical data are expressed as numbers (%). The normal
distribution of continuous variables was assessed with the
Shapiro–Wilk test. To compare medians for outcome parame-
ters, the Mann–Whitney U test for non-normally distributed
variables was used. To compare categorical data, the Chi-Square
or Fisher’s Exact test was used. The Wilcoxon Signed Rank test
was used to compare two measurements of a single sample. A p-
value <0.05 is considered statistically significant.

Results

There was no significant statistical difference between groups
concerning patients’ characteristics (Table 1) such as age, final
pathological diagnosis, American Joint Committee on Cancer
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 1 Patient characteristics

PG (n [ 68) PJ (n [ 118) p-Value

Age at surgery, median (range) 0.929

Years 66 (38–85) 66 (26–88)

Final pathological diagnosis, n (%) 0.126

Periampullary cancer 10 (14.7) 16 (13.6)

Pancreatic adenocarcinoma 42 (61.8) 83 (70.3)

Distal bile duct carcinoma 5 (7.4) 10 (8.5)

Neuroendocrine carcinoma 4 (5.9) 0 (0)

Intraductal papillary mucinous neoplasm 1 (1.5) 4 (3.4)

Duodenal carcinoma 4 (5.9) 4 (3.4)

Other 2 (2.9) 1 (0.8)

Consistency of pancreatic parenchyma, n (%) 0.573

Soft 26 (41.3) 35 (43.2)

Hard 37 (54.4) 46 (56.8)

Diameter pancreatic duct on preoperative imaging, n (%) 0.203

Not dilated (0–4 mm) 30 (47.6) 56 (55.4)

Dilated (5 mm or more) 33 (52.4) 45 (44.6)

Clinically relevant postoperative pancreatic fistula, n (%) 0.412

None or grade A fistula 59 (89.4) 103 (92.0)

Grade B or C fistula 7 (10.6) 9 (8.0)

Duration of follow-up, median (range) days 342 (45–1760) 445 (29–2257) 0.184
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(AJCC) stage for the patients with a pancreatic head adenocar-
cinoma (Fig. 1), consistency of the pancreatic parenchyma,
diameter of the main pancreatic duct at the pancreatic trans-
section site on preoperative imaging and/or intraoperative
measurement, incidence of clinically relevant pancreatic fistula
(grade B or C2), and duration of follow-up.
Postoperative pancreatic exocrine insufficiency, scored as the

intake of PERT within one year postoperatively and/or an
abnormal function test, was more pronounced in the PG group
compared to the PJ group: 75% (51/68) versus 45.7% (54/118)
respectively (p < 0.001). The intake of PERT within one year
Figure 1 AJCC stage of subgroup of patients having undergone sur-

gery for pancreatic head adenocarcinoma (125/186 patients; in

percentages)

HPB 2016, 18, 1017–1022 © 2016 International Hepato-P
postoperatively alone was also more frequent after PG than after
PJ: 75.8% (50/66) versus 38.5% (45/117) (p < 0.001) (Table 2).
50.0% (93/186) of the patients had an exocrine function test

based on the suspicion of steatorrhoea: 46.8% (87/186) had 13C-
labelled mixed triglyceride breath test, and 1.0% (2/186) a
postoperative fecal elastase test, 5.4% (10/186) a fecal fat ab-
sorption test (some patients had more than one test). In the PG
group 72.1% (49/68) patients have been tested, resulting in 55.9
(38/68) disturbed, 16.2% (11/68) normal functional tests. In the
PJ group 37.3% (44/118) have been tested, resulting in 34.7%
(41/118) disturbed and 2.5% (3/118) normal functional tests.
Although not statistically significant because not all patients did
Table 2 Results of pancreatic exocrine insufficiency (PEI) and

pancreatic enzyme replacement therapy (PERT)

PG (n [ 68) PJ (n [ 118) p-Value

PEI (intake of PERT
within 1 year
postoperatively and/or
abnormal function test)

75% (51/68) 45.7% (54/118) <0.001

PERT within 1 year 75.8% (50/66) 38.5% (45/117) <0.001

PEI in hard parenchymal
remnant

89.1% (33/37) 47.8% (22/46) <0.001

PEI in soft parenchymal
remnant

53.8% (14/26) 40.0% (14/35) =0.311

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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undergo a function test, there was a trend towards more
disturbed exocrine function tests after PG (p = 0.061).
In a subgroup with a pancreatic remnant with hard consis-

tency, there was also more PEI in the group of PG compared to PJ
(89.1% versus 47.8% respectively; p < 0.001). In the subgroup
with soft pancreatic remnant consistency, the difference did not
reach statistical significance, probably due to the low number of
patients included in the analysis (Table 2).
In patients on whom both a preoperative and a postoperative

13C-labelled mixed triglyceride breath test was performed, an
important decrease in cumulative dose percentage was observed
in the PG group. The median cumulative dose percentage pre-
operatively was 34.19% (range: 3.24–54.66%) and 11.44%
(range: 2.37–60.12%) postoperatively (p < 0.001). A statistically
significant difference was not observed in the PJ group.
With postoperative imaging by CT-scan or MRI, the pancre-

atic duct in the remnant was more frequently dilated in the PG
group (p = 0.017). In the PG group, 49.1% (26/53) had a dilated
duct, while in the PJ group 27.9% (19/68) had a dilated duct. In
the PG group some patients (4/68) also underwent redo surgery
at the level of the PG, because the main pancreatic duct was
entirely overgrown and could no longer be visualised by
endoscopy. In the case of PJ patients, no redo surgery for anas-
tomotic strictures was performed.
In the subgroup of patients with PG, 85.5% (53/62) of patients

took proton pump inhibitors after hospital discharge, which is an
important finding considering the potential acid disintegration
of pancreatic lipase by gastric juice.
Discussion

In recent years, PG has attracted renewed interest as a recon-
struction method after PD.1 PG might be associated with a lower
risk of leakage than PJ: 8.0% versus 19.8% for clinical pancreatic
fistula (grades B and C2). Although this was not under investi-
gation in this study, the incidence of pancreatic fistula was
similar. However, this PG technique also has some potential
disadvantages, such as PEI.
Conclusive studies on postoperative PEI between different

reconstruction techniques are scarce, but some older papers
were already suggesting a more prominent functional deterio-
ration after PG. In the case of these papers, however, only a
limited number of patients were included.11,12 In the paper by
Rault et al.12 41 PJ patients were compared with only 11 PG
patients by clinical evaluation of PEI (steatorrhoea and pasty
stools): severe steatorrhoea was considerably more frequent in
the PG group (7/10 patients) than in the PJ group (5/23 pa-
tients) (p < 0.025). In the paper by Jang et al.11 20 patients with
PJ were compared with 14 patients with PG using a faecal
elastase test. In the PJ group, 15/20 had severe insufficiency and
4/20 had mild insufficiency, with only one patient having a
normal elastase test. In the PG group, all the patients (14 in
total) had severe PEI (p = 0.045).
HPB 2016, 18, 1017–1022 © 2016 International Hepato-P
A recent systematic review13 of 3203 articles could identify
only nine studies of sufficient quality with regard to PEI in pa-
tients with pancreatic or periampullary cancer to be included in
their analysis. This review suggests that the type of reconstruc-
tion anastomosis may influence the prevalence of PEI. Only two
studies with PG reconstruction after PD were retained in the
analysis, with only 10 and 11 patients included respectively. Both
studies reported a widely varied prevalence of postoperative PEI
after PG: between 36% and 100%.6,14

The present study observed that the prevalence of PEI after PD
was higher with PG than with PJ. One could speculate on the
origin of this observation.
The diameter of the main pancreatic duct at the transsection

site, assessed on preoperative imaging or intraoperative mea-
surement, was not statistically different between the groups. This
is important, because pancreatic duct obstruction in the remnant
usually results in fibrosis and atrophy of the pancreatic remnant,
and consequently possible PEI. Postoperatively, however, there
was an increased prevalence of PEI in this subgroup with hard
pancreatic remnant when a reconstruction with PG was
performed compared to reconstruction with PJ. The higher
prevalence of PEI after PG reconstruction might also be
explained by intragastric inactivation and disintegration of the
pancreatic lipase by gastric acid. Of all the pancreatic enzymes,
the most important for relief from symptomatic steatorrhoea,
and the most fragile to gastric acid, is lipase. Lipase is less
resistant to gastric disintegration than trypsin or chymotrypsin.15

Since the introduction of PERT in the 1970s, the addition of
cimetidine (or later proton pump inhibitors) to pancreatic en-
zymes has been considered useful in patients with severe
pancreatic insufficiency.16 The effect produced by acid-protected
porcine preparations is equivalent to the effect produced by the
conventional porcine pancreatic enzyme, but can be adminis-
tered at only one-fourth of the dosage.17 Furthermore, the
pancreas has a very large functional reserve, with Lankisch et al.18

reporting that only 10% of the normal total lipase activity is
required to avoid steatorrhoea. In the present PG group, 85.5%
of the patients took proton pump inhibitors after hospital
discharge, which should prevent intragastric disintegration of
pancreatic lipase activity.
Could the difference in postoperative PEI be explained by the

difference in healing capacity between the gastric (PG) and je-
junal (PJ) walls? Although this is pure speculation, we believe
that the gastric wall heals more quickly and more prominently
after performing an anastomosis to a parenchymal organ. On
postoperative imaging, a dilated pancreatic duct in the remnant
seemed to be more frequent in the PG group than in the PJ
group. This finding suggests pancreatic remnant overgrowth by
the gastric mucosa.
In the PG group, some patients (4/66) who had PEI evaluated

by mixed triglyceride breath test, and with chronic intake need
for PERT, even underwent redo surgery. In these patients the PG
was converted to PJ in order to prevent further postoperative
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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main pancreatic duct dilatation. The main reason for redo sur-
gery was an entirely overgrown PG anastomosis, which no longer
could be visualised by endoscopy. Our PG technique has since
been modified since by the introduction of a stent through the
anastomosis in order to prevent overgrowth and therefore PEI.
The most commonly used function test in the present study is

the 13C-labelled mixed triglyceride breath test. An abnormal
faecal elastase test is not frequently used in Belgium, because this
test alone is not sufficient to obtain reimbursement and also
involves extra costs for the patient. The fat absorption test on
faeces is not performed on a regular basis, probably because of its
inconvenience for patients and nurses.
Another very recent paper7 identifying the risk factors for PEI

after PD, also using the 13C-labelled mixed triglyceride breath
test, reported a higher prevalence of PEI after PG than after PJ:
65.6% versus 38.4% (p < 0.001). A hard pancreas (OR = 3.157)
and PG reconstruction (OR = 2.3) were identified as indepen-
dent risk factors for PEI by multivariate analysis. These findings
are highly consistent with those of the present study. Another
article by the same group19 identified preoperative impaired
endocrine function, a hard pancreatic texture induced by pre-
existing obstructive pancreatitis, and pancreatic duct dilatation
in the remnant due to PG stricture as independent risk factors for
PEI.
The RECOPANC trial,20 a German trial in 14 centres published

in 2016, concluded very differently. This study focused on clini-
cally relevant postoperative pancreatic fistula after PG and PJ in
patients undergoing PD, but as secondary endpoint, also
pancreatic exocrine function was evaluated by means of the Eu-
ropean Organization for Research and Treatment of Cancer
Quality of Life Questionnaire C30 and the pancreatic cancer
module PAN26. At 6 months after operation the intake of PERT
was significantly higher in the PJ group than in the PG group
(89% versus 72%, p < 0.001) but this difference did not persist at
12 months follow up. In a study by Schmidt et al.,21 using the
same questionnaires, 69.6% of the PG patients required de novo
medication to treat PEI compared to 59.5% of the PJ patients.
This was also not significantly different probably because only
56 PG and 37 PJ patients have been evaluated. In both studies20,21

however, no exocrine function test have been performed probably
resulting in an underestimation of the incidence of PEI after PD.
The strengths of the present study lie in the fact that only

patients of two centres have been evaluated where the main
surgeons involved have large experience in their reconstruction
technique. Learning effects by performing a new technique and
variations between centres are avoided. The study also focuses on
a well defined group namely patients with proven malignancies
in the pancreatic head. Surgery for premalignant lesions or
chronic pancreatitis was not taken into account.
But a retrospective analysis has also many weaknesses. Only

patients with suspicion of steatorrhoea had an exocrine function
test, which might be an important bias in this study. The drive to
look for PEI could differ between centres. To avoid this bias, all
HPB 2016, 18, 1017–1022 © 2016 International Hepato-P
patients should have one predefined function test before surgery
to eliminate unknown preoperative PEI and after surgery to have
a well-documented diagnosis in a prospective trial.
In conclusion
Although there is still no conclusive evidence on which recon-
struction technique is to be preferred after PD, PG has attracted
renewed interest because of a supposed lower incidence of
leakage. However, this technique seems associated with an
important functional disadvantage over the longer term, namely
a higher incidence of PEI. The present study needs confirmation
by a prospective trial comparing the exocrine function before
and after PD with both reconstruction techniques. The obvious
explanation that pancreatic lipase is disintegrated by gastric juice,
and therefore PEI is to be expected in PG, does not – in our
opinion – make sense in an era when proton pump inhibitors are
largely administered postoperatively.
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