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Abstract
Background: The association between delayed gastric emptying (DGE) after pancreatoduodenectomy
(PD) and pancreatic reconstruction technique remain unclear. The aim of this study is to investigate
whether the occurrence of DGE differs between pancreaticojejunostomy (PJ) and pancreaticogastrostomy
(PG) . Methods: A total of 83 patients who underwent subtotal stomach-preserving
pancreatoduodenectomy was retrospectively analyzed, and the factors associated with clinically relevant
DGE were explored. These patients were divided into a PG group and a PJ group according to the
pancreatic reconstruction. DGE occurrence and its association with intra-abdominal complications was
compared between the two types of pancreatic reconstruction. Results: The overall incidence of DGE was
27.7%. Intra-abdominal complications including pancreatic �stula were strongly associated with DGE. As
to the pancreatic reconstruction, DGE developed more frequently in the PG than in the PJ. In addition, DGE
with intra-abdominal complications tended to be more frequent in PG, despite the fact that intra-
abdominal complications occurred at a similar frequency in both groups. Conclusions: Intra-abdominal
complications were strongly associated with DGE. As to the pancreatic reconstruction, DGE developed
more frequently in the PG than in the PJ. We speculate that intra-abdominal complications affected
patients with PG more and resulted in frequent occurrence of DGE.

Background
The mortality rate after pancreatoduodenectomy (PD) is declining to a very low level in specialized
centers. However, the postoperative morbidity rate remains high (approximately 50%) [1, 2], and delayed
gastric emptying (DGE) is the most predominant morbidity, with an incidence varying from 19% to 57% [2,
3]. Although not life-threatening, DGE is associated with a decreased quality of life, increased
postoperative length of stay, and increased healthcare costs.

Because of the variation in the de�nition of DGE, it has not been possible to compare studies of DGE [4].
To resolve this issue, the International Study Group of Pancreatic Surgery (ISGPS) developed an objective
and generally applicable de�nition in 2006 based on two clinical parameters [4]: number of days that
nasogastric drainage is required, and the number of days until solid food is tolerated. As a result, reports
about DGE de�ned according to this generalized de�nition have been accumulating  [3, 5, 6]. Regarding
the pathogenesis of DGE, denervation of the antropyloric region, pyloric and antral ischemia, and
decreased levels of motilin have been suggested [6, 7]. Furthermore, strong associations with other
postoperative complications, especially intra-abdominal complications (IACs) such as pancreatic �stula
(PF) and intra-abdominal abscesses (IAAs), have been reported [4-7]. Considering the association
between DGE and IACs, the procedure for remnant pancreatic reconstruction would likely be a crucial
factor related to DGE occurrence, because its disruption would result in various kinds of IACs. To
minimize the risk of pancreatic anastomosis failure, pancreaticogastrostomy (PG) has been adopted
instead of pancreaticojejunostomy (PJ) by several surgeons [8, 9]. However, there has been no de�nite
evidence showing increased safety with PG [10]. Although several resent meta-analyses reported DGE
occurrence was comparable between PJ and PG, there seemed to be numerous variations in the
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performance of PG in these meta-analyses [1, 9, 11, 12]. Therefore, there is still room for further
consideration of the issue. In the present study, both PJ and PG (invagination procedure) were performed
uniformly in all patients. Thus, the aim of the present study was to compare the occurrence of clinically
relevant DGE and its association with IACs between these two different pancreatic reconstruction
techniques.

Methods
Of a consecutive series of 93 patients undergoing elective PD from May 2002 to March 2012 in the Steel
Memorial Muroran Hospital, a retrospective review of 83 patients who recovered and were discharged
from hospital was carried out. The following 10 patients were excluded from this analysis: two patients
who died from postoperative complications (pneumonia and acute myocardial Infarction) within 7th
postoperative day, one patient died from rapid growth of liver metastasis during hospitalization who has
never taken any solid food nor water due to severe general fatigue, and seven patients whose clinical
records were not available after the retention period has lapsed. DGE analysis according to the de�nition
was impossible in these 10 patients. All of the patients underwent subtotal stomach-preserving
pancreatoduodenectomy (SSPPD). Prior to 2008, PG was used exclusively for remnant pancreatic
reconstruction; in 2009, PJ was adopted for reconstruction instead of PG. The reason was that DGE
occurrence as well as pancreatic duct obstruction were relatively frequent in PG. All operations were
performed by experienced surgeons.

Descriptions of the operative procedures

The procedure for the resection at the time of SSPPD was the same for the PG and PJ groups; the
gallbladder, distal common bile duct, head of the pancreas, duodenum, and about 10 cm of the proximal
jejunum were removed. The antrum was resected 3 cm oral to the pyloric ring. The reconstruction
procedures for the PG and PJ groups were as follows.

PG group

PG was performed with an invagination technique, hand-sewn with absorbable mono�lament sutures, on
the posterior wall of the gastric body, and a short internal stent was used. The proximal jejunum was
brought through the transverse mesocolon by the retrocolic route, end-to-side choledochojejunostomy
was performed using interrupted absorbable mono�lament sutures with or without tube drainage,
according to duct size. Further downstream, after a loop gastrojejunostomy, anastomosis between
afferent and efferent loops of jejunum (Braun procedure) was performed.

PJ group

The jejunal loop was brought in the same manner as in the PG group. PJ with end-to-side technique was
performed between the pancreatic duct and the jejunal mucosa using 8 to 12 interrupted absorbable
mono�lament sutures according to duct size. A pancreatic duct tube was routinely placed in the main
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pancreatic duct. Further downstream, end-to-side choledochojejunostomy, a loop gastrojejunostomy and
anastomosis between afferent and efferent loops of jejunum were performed in a similar manner to PG
group. Closed suction was placed posterior to the biliary and pancreatic anastomosis in both groups.

Perioperative management

There were no differences in the perioperative management between the two groups.

In both groups, the gastric suction using a nasogastric tube was removed when the daily discharge was
less than 500 mL, usually on the �rst postoperative day. Solid oral intake was initiated 4 days after
operation and the patients proceeded to a regular diet within about 14 days.

Classi�cation of delayed gastric emptying (DGE) and pancreatic �stula

The severity of DGE was determined according to the ISGPS classi�cation scheme [4] in both group.
Grades B and C DGE in this classi�cation were de�ned as clinically relevant DGE. Clinically relevant DGE
was further divided into two types of DGE (primary DGE and secondary DGE), according to the presence
of IACs. Patency of the duodenojejunostomy to exclude a mechanical cause of abnormal gastric
emptying was con�rmed by an upper gastrointestinal series.

The grade of PF was determined according to the ISGPS classi�cation scheme [13], and grades B and C
PF in this classi�cation were de�ned as clinically relevant PF.

Statistical Analysis

Stat�ex version 6 software (Artech Co., Ltd., Osaka, Japan) was used for all statistical analyses. The c2

and Fisher’s exact test were used for categorical variables, and Student’s t-test was used for continuous
variables. Values of p<0.05 were considered signi�cant.

Results
The characteristics of the 83 participants are shown in Table 1. The median age at the time of surgery
was 66 years (range, 50-82 years), and 34.9% of all patients were women. For the remnant pancreatic
reconstruction, PG was used in 37 patients (44.6%) prior to 2008, whereas PJ was used for 46 patients
(55.4%) after 2009. The overall mortality rate was 2.4% (n=2). Morbidity was noted in 46 patients (55.4%),
and IACs were seen in 37 (44.6%). The IACs in this study included PF, primary IAA, chylorrhea,
postoperative hemorrhage, enterocolitis, liver abscess, pancreatitis, and gastric ulcer bleeding. The most
frequent complication was DGE; 23 patients (27.7%) developed clinically relevant DGE, classi�ed as
grades B (n=4) and C (n=19). Of the 23 clinically relevant DGE patients, 20 patients (87.0%) had DGE with
IACs, and 3 patients (13.0%) had DGE without IACs. The nasogastric tube was needed beyond the 2th
postoperative day in 11 patients (47.8%), and reinsertion was noted in 9 patients (39.1%) of the 23
clinically relevant DGE patients. The median postoperative hospital stay was 32 days (range, 12-146
days).
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The baseline characteristics of PJ (n=46) and PG (n=37) cohorts are summarized in Table 2. There were
no signi�cant associations with median age, sex ratio, median body mass index (BMI) and preoperative
cholangitis/biliary drainage. As to the underlying disease, pancreatic cancer was more frequent in PG
group.

Postoperative features were also compared between PJ and PG cohorts in Table 2. Operative time was
signi�cantly longer whereas intraoperative blood loss tend to be less in the PJ group compared with PG
group (p<0.001 and 0.99, respectivly). The surgical complaints were generally similar between the two
types of reconstruction, except for DGE occurrence, which occurred more frequently in the PG group than
in the PJ group (40.5% vs. 17.4%,respectively, p=0.019). Remarkably, delayed gastric emptying with intra-
abdominal complications tended to be more frequent in pancreaticogastrostomy, despite the fact that
intra-abdominal complications occurred at a similar frequency in both groups (36.8% vs. 66.7%,
respectively, p=0.07). In particular, DGE with PF was more frequent in PG (37.5% vs. 100%, respectively,
p=0.013).

Multivariate analysis using logistic regression was shown in table 3, identi�ed thee variables as
independently associated with the occurrence of DGE: pancreatic �stula, intra-abdominal abscess and
pancreatic reconstruction technique.

Discusssion
Recent investigations have reported that DGE should be considered a warning of IACs, such as PF or IAA
[6, 8,14-16]. In fact, DGE is most often secondary to the presence of IACs (secondary DGE), and very
seldom a primary event (primary DGE) [6, 7, 17]. Similarly, in the present study, most DGE patients (n=20,
87%) had IACs, which con�rmed this association (p<0.001), whereas primary DGE was rare (n=3, 13%). As
to surgical procedure, pylorus-preserving pancreaticoduodenectomy (PPPD) [18] and a postcolic route for
the GE reconstruction [19] have been reported as typical risk factors for DGE. In our hospital, resection of
pylorus ring with preservation of nearly the entire stomach (pylorus-resecting pancreaticoduodenectomy;
PrPD), antecolic route have been adopted for GE reconstruction. Similarly, Kawai et al. reported that PrPD
in which 95% of stomach was preserved resulted in very low incidence of DGE (18) . On the other hand,
the reconstruction method of the pancreatic stump is closely associated with IACs, which have been
frequently reported as risk factors for DGE [3,6]. Considering this relationship, a close association
between the procedure of pancreatic reconstruction and DGE occurrence is expected. Although several
resent meta-analyses reported DGE occurrence was comparable between PJ and PG, there seemed to be
numerous variations in the performance of PG in these meta-analyses [1,9,11,12].  In the present study,
both PJ and PG (invagination procedure) were performed uniformly in all patients and thus any
reconstruction bias that might have in�uenced DGE was almost eliminated. Moreover, PJ was exclusively
adopted for pancreatic reconstruction in SSPPD instead of PG since 2009. There was no bias in the
selection of patients between PG and PJ even though the present study was retrospective, which adds to
the validity of the present analysis. As expected, and this was the most striking result, DGE occurred more
frequently in the PG group.
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The frequent occurrence of DGE in PG would suggest that the surgical procedure of PG itself affected
DGE occurrence. It is possible that the PG resulted in �xation of the subtotal stomach to the posterior
wall, thereby disturbing gastric peristalsis.

In particular, PG in the present study was performed with an invagination technique, which contained
more anatomical destruction than PG with duct-to-mucosa anastomosis and could lead to more severe
disturbance of gastric peristalsis, in pancreatic �stula or other intraabdominal complications.

Next, as to DGE with IACs, safer pancreatic reconstruction with fewer IACs should decrease this type of
DGE. Some surgeons prefer PG to PJ for patients at high risk of PF because some observational clinical
studies (OCSs) reported a lower incidence of PF with PG [8,9]. However, these reports showed high
heterogeneity, and, moreover, no high-quality, randomized, controlled trials (RCTs) have yet to provide
adequate evidence of greater safety with PG than with PJ [10]. Similarly, in the present study, there were
no signi�cant differences in the frequencies of PF and IACs between the PG and PJ groups, but DGE with
IACs occurred more frequently in the PG group. As suspected, the present data suggested that the PG
group was more vulnerable than the PJ group to the impact of DGE occurring by IACs. Especially with
regard to PF, a strong association with DGE was shown in the PG group, but not in the PJ group. In the PJ
group, 3 of 8 patients (37.5%) with PF had DGE, whereas all PG patients with PF were affected by DGE (P
0.007). It is probable that, in patients with PJ, the increasing distance from the pancreatic anastomosis
would reduce gastric paresis due to PF or peripancreatic in�ammation.

Although pancreatic anastomosis should not be chosen based on prevention of DGE alone, PG appeared
to have a tendency to induce DGE, and thereby resulted in patient frustration, the need for nutritional
support, and prolonged hospital stay. When PG is adopted, surgeons should take care to prevent
disturbance of gastric peristalsis, including the anastomotic procedure, by omitting the incision on the
anterior gastric wall, or choosing a vertical incision instead of a horizontal incision [20].  

Although the ISGPS criteria have enabled comparisons of DGE between investigators using the general
de�nition, interpretation of DGE is sometimes confusing. For example, patients with IACs, including
chylorrhea, postoperative hemorrhage, enterocolitis, and gastric ulcer bleeding, may require withdrawal of
oral intake despite lacking gastroparesis. DGE was originally described as gastroparesis following PPPD
[21]; therefore, in our opinion, these patients should not be categorized as having DGE, whereas some
investigators might have interpreted such cases as having DGE. This confusion occurred because the
ISGPS criteria did not mention the presence or absence of co-existing complications, exclusion criteria,
and the method for evaluating gastroparesis, although the criteria are simple, objective, and clearly
measurable. Re�nement of the de�nition is warranted for further analysis of the etiology of DGE.

The limitation of the current study is that the number of patients was small and there was a slight
difference in surgical devises or drugs between PJ and PG cohorts depending on the period.
Accumulation of additional cases with minimal variations is needed to de�nitively characterize the risk
for DGE between PJ and PG cohorts in the future.
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In conclusion, the occurrence of DGE and its association with IACs was compared between different
pancreatic reconstruction techniques. Intra-abdominal complications including PF were strongly
associated with DGE. As to the pancreatic reconstruction, DGE developed more frequently in the PG than
in the PJ. We speculate that PG itself predisposed patients to DGE by the �xation to the posterior wall and
intra-abdominal complications affected patients with PG more, these resulted in frequent occurrence of
DGE in PG.
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pancreaticoduodenectomy

Declarations
Acknowledgements

Not applicable 

AUTHOR’S CONTRIBUTIONS     

Satoshi Hayama and Naoto Senmaru designed the research; Satoshi Hayama and Satoshi Hirano
analyzed and interpreted the data; Satoshi Hayama wrote the paper; Satoshi Hayama and Satoshi Hirano
drafted and/or revised the manuscript. All authors read and approved the �nal manuscript. 

Funding

The authors have no �nancial ties to disclose. 

Availability of data and materials

All data and materials are contained within the manuscript. 

Ethics approval and consent to participate

Local ethics committee (Steel Memorial Muroran Hospital) ruled that no formal ethics approval was
required in this study. 

Consent for publication

Informed consent was obtained from all individual participants included in this study. 

Competing interests: The authors declare that they have no con�icts of interest.



Page 8/10

References
1.  Zhang X, Ma L, Gao X, Bao H, Liu P, Aziz A, Wang Z, Gong P. Pancreaticogastrostomy versus

pancreaticojejunostomy reconstruction after pancreaticoduodenectomy: a meta-analysis of
randomized controlled trials. Surg today. 2015; 45:585-94.

2. McMillan MT, Allegrini V, Asbun HJ, Ball CG, Bassi C, Beane JD, Behrman SW, Berger AC, Bloomston
M, Callery MP, Christein JD, Dickson E, Dixon E, Drebin JA, Fernandez-Del Castillo C, Fisher WE, Fong
ZV, Haverick E, Hollis RH, House MG, Hughes SJ, Jamieson NB, Kent TS, Kowalsky SJ, Kunstman JW,
Malleo G, McElhany AL, Salem RR, Soares KC, Sprys MH, Valero V 3rd, Watkins AA, Wolfgang CL,
Zureikat AH, Vollmer CM Jr. Incorporation of Procedure-speci�c Risk Into the ACS-NSQIP Surgical
Risk Calculator Improves the Prediction of Morbidity and Mortality After Pancreatoduodenectomy.
Ann Surg. 2017; 265:978-86.

3. Richard Bell, Sanjay Pandanaboyana, Nehal Shah, Adam Bartlett, John A Windsor, and Andrew M
Smith. Meta-analysis of antecolic versus retrocolic gastric reconstruction after a pylorus-preserving
pancreatoduodenectomy. HPB (Oxford). 2015; 17: 202–8.

4. Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, Neoptolemos JP, Padbury RT, Sarr
MG, Traverso LW, Yeo CJ, Büchler MW. Delayed gastric emptying (DGE) after pancreatic surgery: a
suggested de�nition by the International Study Group of Pancreatic Surgery (ISGPS). Surgery. 2007;
142:761-8.

5. Sakamoto Y, Yamamoto Y, Hata S, Nara S, Esaki M, Sano T, Shimada K, Kosuge T. Analysis of risk
factors for delayed gastric emptying (DGE) after 387 pancreaticoduodenectomies with usage of 70
stapled reconstructions. J Gastrointest Surg. 2011; 15:1789-97.

�. Sato G, Ishizaki Y, Yoshimoto J, Sugo H, Imamura H, Kawasaki S. Factors in�uencing clinically
signi�cant delayed gastric emptying after subtotal stomach-preserving pancreatoduodenectomy.
World J Surg. 2014; 38:968-75.

7. Courvoisier T, Donatini G, Faure JP, Danion J, Carretier M, Richer JP.  Primary versus secondary
delayed gastric emptying (DGE) grades B and C of the International Study Group of Pancreatic
Surgery after pancreatoduodenectomy: a retrospective analysis on a group of 132 patients. Updates
Surg. 2015; 67:305-9.

�. Niedergethmann M, Dusch N, Widyaningsih R, Weiss C, Kienle P, Post S. Risk-adapted anastomosis
for partial pancreaticoduodenectomy reduces the risk of pancreatic �stula: a pilot study. World J
Surg. 2010; 34:1579-86.

9. Jin Y, Feng YY, Qi XG, Hao G, Yu YQ, Li JT, Peng SY. Pancreatogastrostomy vs pancreatojejunostomy
after pancreaticoduodenectomy: An updated meta-analysis of RCTs and our experience. World J
Gastrointest Surg. 2019 Jul 27; 11:322-32.

10. He T, Zhao Y, Chen Q, Wang X, Lin H, Han W. Pancreaticojejunostomy versus Pancreaticogastrostomy
after Pancreaticoduodenectomy: A Systematic Review and Meta-Analysis. Dig Surg. 2013; 30:56-69.

11. Que W, Fang H, Yan B, Li J, Guo W, Zhai W, Zhang S. Pancreaticogastrostomy versus
pancreaticojejunostomy after pancreaticoduodenectomy: a meta-analysis of randomized controlled



Page 9/10

trials. Am J Surg. 2015; 209:1074-82.

12. Lei P, Fang J, Huang Y, Zheng Z, Wei B, Wei H. Pancreaticogastrostomy or pancreaticojejunostomy?
Methods of digestive continuity reconstruction after pancreaticodudenectomy: a meta-analysis of
randomized controlled trials. Int J Surg. 2014; 12:1444-9. Review.

13. Bassi C, Dervenis C, Butturini G, Fingerhut A, Yeo C, Izbicki J, Neoptolemos J, Sarr M, Traverso W,
Buchler M; International Study Group on Pancreatic Fistula De�nition. Postoperative pancreatic
�stula: an international study group (ISGPF) de�nition. Surgery. 2005; 138:8-13.

14. Noorani, Elena Rangelova, M. Del Chiaro, Lars Ragnar Lundell, Christoph Ansorge. Delayed Gastric
Emptying after Pancreatic Surgery: Analysis of Factors Determinant for the Short-term Outcome.
Front Surg. 2016; 3: 25.

15. Lyu Y, Li T, Wang B, Cheng Y, Zhao S. Selection of pancreaticojejunostomy technique after
pancreaticoduodenectomy: duct-to-mucosa anastomosis is not better than invagination
anastomosis: A meta-analysis. Medicine. 2018; 97:e12621.

1�. Mohammed S, Van Buren Ii G, McElhany A, Silberfein EJ, Fisher WE. Delayed gastric emptying
following pancreaticoduodenectomy: Incidence, risk factors, and healthcare utilization. World J
Gastrointest Surg. 2017; 9:73–81.

17. El Nakeeb A, Askr W, Mahdy Y, Elgawalby A, El Sorogy M, Abu Zeied M, Abdallah T, Abd Elwahab M.
Delayed gastric emptying after pancreaticoduodenectomy. Risk factors, predictors of severity and
outcome. A single center experience of 588 cases. J Gastrointest Surg. 2015; 19:1093-100.

1�. Kawai M, Tani M, Hirono S, Miyazawa M, Shimizu A, Uchiyama K, Yamaue H. Pylorus ring resection
reduces delayed gastric emptying in patients undergoing pancreatoduodenectomy: a prospective,
randomized, controlled trial of pylorus-resecting versus pylorus-preserving pancreatoduodenectomy.
Ann Surg. 2011; 253:495-501.

19. Zhou Y, Lin J, Wu L, Li B, Li H. Effect of antecolic or retrocolic reconstruction of the
gastro/duodenojejunostomy on delayed gastric emptying after pancreaticoduodenectomy: a meta-
analysis. BMC Gastroenterol. 2015; 15:68.

20. Oida T, Mimatsu K, Kano H, Kawasaki A, Kuboi Y, Fukino N, Kida K, Amano S. Horizontal vs. vertical
incision on the anterior gastric wall in pancreaticogastrostomy. Hepatogastroenterology. 2012;
59:2627-30.

21. Patti MG, Pellegrini CA, Way LW. Gastric emptying and small bowel transit of solid food after pylorus-
preserving pancreaticoduodenectomy. Arch Surg. 1987; 122:528-32.

Tables
Due to technical limitations the tables are available as a download in the Supplementary Files.

Supplementary Files



Page 10/10

This is a list of supplementary �les associated with this preprint. Click to download.

Tables.pdf

https://assets.researchsquare.com/files/d4db3bbe-11e6-4d55-9306-3b53eb5e8b23/v2/Tables.pdf

