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ABSTRACT

Objectives: Delayed Gastric Emptying (DGE) after the Whipple surgery is a common
problem. This study aimed to compare the efficacy of Right to Left (R-to-L) (isoperistaltic
anastomosis) gastrojejunostomy versus Left to Right (L-to-R) (antiperistaltic anastomosis) in
DGE after the Whipple surgery.

Methods: In this clinical trial, 60 patients referred to Golestan and Arvand Hospital in Ahvaz
City, Iran, who needed Pancreaticoduodenectomy (PD) or the Whipple procedure were recruited
in our study and divided into two groups. The first group underwent gastrojejunostomy with
isoperistaltic as R-to-L anastomosis and the second group antiperistaltic as L-to-R anastomosis.
The two groups were compared one month after surgery for DGE severity, NPO (Nothing by
mouth) duration, hospital stay duration, TPN (total parenteral nutrition) requirement, and re-
hospitalization requirement.

Results: DGE intensity in R-to-L decreased significantly compared to L-to-R (intensity: 5 [16.7%]
vs 13 [43.5%]; P<0.001). In particular, the intensity difference was as follows: grade A=10%,
grade B=6.7%, grade C=0%, versus grade A=20%, grade B=13.3%, grade C=10% (P<0.001).
NPO duration and hospital stay in R-to-L were significantly lower than L-to-R (NPO: 3.1 vs 4.7,
P=0.028; hospital stay: 4.3 vs. 7.8; P=003). The re-hospitalization rate in R-to-L was lower than
in the other group (1 [3%] vs 8 [26.7%]; P<0.001). None of the R-to-L patients required TPN, but
16.7% of the L-to-R group required TPN, a significant difference (P<0.001).
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1. Background

elayed Gastric Emptying (DGE) is seen in

20% to 40% of patients after Pancreaticoduo-

denectomy (PD) and affects their quality of

life immediately after operation [1, 2]. DGE

not only causes the patient’s discomfort and
malnutrition [3, 4] but can also lead to prolonged hospital
stay and postoperative pneumonia, which increases the risk
of postoperative death in PD procedure [5]. According to Le-
rmite et al., the exact etiology of DGE after PD is unclear, but
its risk factors include diabetes mellitus, malnutrition, peri-
gastric vagal nerve disorders, and antro-duodenal ischemia,
decreased motilin plasma concentration, dysrhythmia caused
by pericardial inflammation, invasive lymphadenectomy,
and pancreatic fibrosis [4].

DGE is a complex process caused by various factors re-
sponsible for gastric motility, such as myogenic muscle cells,
hormonal factors, and the autonomic nervous system. DGE
often occurs after procedures that destroy organs responsible
for the movement of the stomach and its emptying or neuro-
muscular/muscular ischemia. To prevent DGE, the most im-
portant way is to develop and generalize surgical techniques
to reduce the factors causing DGE during pancreaticoduode-
nectomy [6-11]. There are several surgical procedures asso-
ciated with DGE, including resection type classical Whipple
vs Pylorus-Preserving (PPPD), gastric drainage reconstruc-
tion, antecolic or retrocolic, Right-to-Left (R-to-L) or Left-
to-Right (L-to-R) gastrojejunostomy, in addition to the en-
teroentrostomy of Braun (Braun vs No Braun). However, the
most effective way to minimize the incidence of DGE after
PD is still being debated [12-14]. In this study, we investigate
if DGE is affected by the type of anastomosis in the stomach:
R-to-L (isoperistaltic anastomosis) and L-to-R (antiperistaltic
anastomosis).

2. Materials and Methods

After obtaining permission from the Ethics Committee of
Ahvaz Jundishapur University (IR. AJUMS.REC.1398.110)
and the plan’s approval, this research was started as a clini-

Table 1. Consensus definition of delayed gastric emptying (DGE)
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cal trial study (IRCT2019090506043492N1), controlled and
randomized by random numbers. In this clinical trial, we re-
cruited 60 patients who were referred to Golestan and Arvand
Hospital in Ahvaz City and needed PD resectable because
of a periampullary tumor. With personal consent, they en-
tered the study and were divided into two groups. All patients
underwent classic Whipple resect, and after resection, the
first group underwent gastrojejunostomy with R-to-L anas-
tomosis as isoperistaltic and the second group underwent
gastrojejunostomy with L-to-R anastomosis as antiperistal-
tic. One surgeon did the presentation in this study. Data on
age and sex of the patients, DGE grade (Table 1), length of
hospital stay, CA 19-9, and wound infection (according to
the attached questionnaire) were collected and analyzed with
SPSS software version 22.

3. Results

According to the results, 35 (58.3%) of our 60 patients
were male, and 25 (41.7%) were female. The MeantSD
ages of the patients were 58.93+15.35 years in the operative
group with R-to-L anastomosis and 59.34+13.21 years in the
group with L-to-R anastomosis (Table 2). Patients in the two
groups were compared for DGE severity, NPO (nothing per
mouth) duration, hospital stay, need for TPN (total parenteral
nutrition), and re-hospitalization. According to the results,
the frequency of DGE in the R-to-L gastrojejunostomy group
was 5 (16.7%), and for the L-to-R gastrojejunostomy group
was 13 (43.5%), and there was a significant difference be-
tween the two groups in terms of DGE grade, and it has been
less common in patients with R-to-L gastrojejunostomy re-
construction (Table 3).

The MeantSD period of NPO duration in the R-to-L gas-
trojejunostomy group was 3.1+1.712 days, and for the L-to-R
gastrojejunostomy group was 4.7+2.501 days. There was a
significant difference between the two groups regarding the
NPO duration variable, and there is less prevalence among
patients with R-to-L gastrojejunostomy (Table 3).

The MeantSD duration of hospital stay for the R-to-L
and L-to-R gastrojejunostomy groups were 4.3+2.3 and

. Unable to Tolerate Solid Oral Vomiting/Gastric Use of
DGE Grad NGT R d . . L.
rade equire Intake by POD Distension Prokinetics
A 4-7 days or reinsertion > POD 3 + +
8-14 days or reinsertion > POD
B 7 + +
C > 14 days or reinsertion > POD + +

14

Abbreviation: DGE, delayed gastric emptying; POD, postoperative day; NGT, nasogastric tube.
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Table 2. The demographic information of the patients in the studied groups

Variables Variables Mean+SD/No. (%)
Right to Left 58.93+15.35
Age (y)
Left to Right 59.34+13.21
Male 35(58.3)
Sex
Female 25(41.7)
Table 3. Comparing the patients” monitored variables in both studied groups (n=30)
Mean+SD/No. (%)
Variables P
Right to Left Left to Right
DGE grade 5(16.7%) 13 (43.5%) <0.001
Duration of NPO, d 3.1+1.712 4.7 +2.501 0.028
Length of hospital stay, d 4.3+2.30 7.8+0.712 0.003
Re-hospitalization 1(3%) 8(26.7 %) <0.001
Needed for TPN) - 5(16.7 %) <0.001

Abbreviation: DGE, delayed gastric emptying; NPO, nothing per mouth; TPN, total parenteral nutrition.

7.840.712 days, respectively. There is a significant difference
between the two groups regarding the length of hospital stay,
and this time is shorter for patients with R-to-L gastrojejunos-
tomy (Table 3).

The frequency of re-hospitalization in the R-to-L gastroje-
Jjunostomy group was 1 (3%), and for the L-to-R gastroje-
Jjunostomy group was 8 (26.7%), and there is a significant
difference between the two groups; there is less prevalence
among patients with R-to-L gastrojejunostomy, due to less
common DGE at this group. DGE grading, refer to Table 1,
is grouped into 3 grades (Table 1).

The percentage of TPN required in patients in the L-to-R
gastrojejunostomy group was 5 (16.7%), while none of the
patients in the R-to-L gastrojejunostomy group required
TPN. Also, there was a significant difference between the
two groups, and no TPN was needed in R-to-L gastrojeju-
nostomy (Table 3).

After the surgery, a surgical drain and NG tube were in-
serted. On the first day, if NG drainage was under 500 mL,
the NG tube was removed, and feeding with a liquid diet was
started on the second day.

4. Discussion

Delayed gastric emptying is one of the most common com-
plications after the Whipple surgery. Many theories have
been proposed, including disruption of the pyloric sphincter,
antral and duodenal ischemia, secondary gastrojejunostomy,
abdominal complications, pancreatic inflammation associ-

ated with leakage from the site of anastomoses, and ileus to
explain the causes of delayed gastric emptying [10, 11].

Although no studies have been conducted to investigate
these two types of techniques on previous variables, some
studies have examined the impact of other possible factors
on DGE.

Reconstruction of the gastrointestinal tract after surgery can
be done in three ways: Billroth I, Billroth II, and Roux-en-
Y. D'Amato et al. compared these three methods and stated
that the Roux-en-Y method had better results, including a de-
crease in the percentage of esophageal reflux, chronic super-
ficial gastritis, gastroesophageal reflux, and delayed gastric

emptying [15].

Hanna et al. in Florida examined the effect of PD surgical
techniques on delayed gastric emptying. Their results showed
that the prevalence of DGE in the anticolic method was lower
than in the retrocolic gastrojejunostomy (P<0.001). Also, this
decrease in subtotal stomach preserving PD is more pro-
nounced than pylorus-preserving PD. In their findings, they
stated that in PD, surgical techniques that use the regenera-
tion pathway and PD while maintaining gastric subtotal are
associated with a lower risk of DGE [1].

The Noorani et al. study showed that DGE is often seen
after various surgeries that go to the pancreas, and this com-
plication has a complex pathogenesis that is seen even after
removal of the pancreatic tail [16].

Arabi et al. Effect of Right to Left or Lefi-to-Right Gastrojejunostomy after Whipple. Jundishapur J Oncol. 2016; 2(2):33-37
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Glowka et al. studied the effects of bowel reconstruction
techniques on DGE in 168 patients in Germany between
2004 and 2015. In their study, two classical PD methods were
compared with Pancreatic Gastrostomy (PG) with either Bill-
roth reconstruction. In their findings, they cited high age and
retrocolic reconstruction as risk factors for developing DGE
and generally concluded that the occurrence of DGE could
not be affected by the type of regeneration [17].

The results of a Nickfarjam et al. showed that using Braun
enteroentrostomy in DGE was effective in reconstruction
after classic pancreaticoduodenectomy. They considered the
Braun enteroentrostomy method an independent factor asso-
ciated with DGE reduction [18].

DGE has been extensively studied as one of the most com-
mon complications of the Whipple surgery, but no exact
cause has been identified.

Torres et al. believed that Roux-en-Y gastrojejunostomy
anastomosis with lesser curvature could cause continuous
emptying of food through an anastomotic stoma and effec-
tively modulate delayed gastric emptying after surgery [19].

Comparing anesthesia with billroth II and Roux-en-y, Mu-
rakami et al. concluded that using billroth II reduced DGE
after the Whipple surgery [20].

Wenming Wu et al. showed that pylorus removal does not
significantly reduce the incidence of DGE. Furthermore,
subtotal stomach-preserving pancreaticoduodenectomy or
pylorus-resecting pancreaticoduodenectomy does not affect
DGE either [21].

According to Hanna et al. [1], approximately 30%-65% of
postoperative DGE causes stomach pain due to premature sa-
tiety. Nausea and vomiting following upper gastrointestinal
surgery, mechanical obstruction at the site of the anastomo-
sis, or distal intestinal part may cause a condition that stom-
ach cannot be discharged normally and continuously. DGE is
not fatal after surgery but often leads to a longer hospital stay,
increased medical costs, and a more significant reduction in
patients’ quality of life.

This study aimed to investigate the effect of gastrojejunos-
tomy anastomosis of the stomach (from R-to-L or L-to-R) on
the rate of DGE in patients undergoing the Whipple surgery.
Based on the results, the R-to-L technique in gastrojejunosto-
my could significantly reduce the rate of DGE, the amount of
vomiting, the length of hospital stay, the duration of surgery,
and the likelihood of re-hospitalization.

Judishapur Journal of Oncology (JJO)

Due to the differences in the techniques studied, it is dif-
ficult to compare the present results with the above studies.
In the present study, the rate of DGE and NPO time in the
surgical group with the R-to-L gastrojejunostomy technique
was significantly reduced compared to the L-to-R gastrojeju-
nostomy group. DGE was observed in 16.7% of patients that
underwent R-to-L gastrojejunostomy. However, this compli-
cation was observed in 43.5% of patients in the other group,
and the difference between them was significant (P<0.001).
The need for further studies in this area, over a longer time
with larger sample size, is recommended due to the study’s
novelty and the necessity for more accurate results.

5. Conclusion

To minimize the complications during and after surgery in
patients undergoing the Whipple surgery and also to increase
their quality of life, it is necessary to study and compare dif-
ferent methods and introduce a method with fewer complica-
tions. This study showed that the R-to-L gastrojejunostomy
technique is a good option for preventing surgery compli-
cations, especially delayed gastric emptying. Reducing this
complication can result in decreasing the length of hospital
stay and hospital costs, which in turn can increase patients’
quality of life. The results of this study showed that DGE af-
ter PD in the Whipple surgery in R-to-L was significantly less
than in the L-to-R method (P<0.001).

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Ethics Committee of
Jundishapor University of Medical Science.

Funding

This research did not receive any grant from funding agen-
cies in the public commercial or non-profit sectors

Authors' contributions

All authors equally contributed to preparing this article.
Conflict of interest

The authors declare no conflict of interest.
Acknowledgments

We wish to express our sincere gratitude and warm appreci-
ation to the following people and organizations who contrib-
uted much to help us to shape this work: The Vice Chancellor
for Research, Ahvaz Jundishapur University, for providing



https://jjo.ajums.ac.ir/

Judishapur Journal of Oncology (JJO)

us the medium for proper conduction of this research, Pro.
Abdolhassan Talaiezadeh for his generous contribution of
time, effort, and knowledge, and the Jundishapur Journal of
Oncology for providing us multiple opportunities to conduct
this research

References

[1] Hanna MM, Gadde R, Allen CJ, Meizoso JP, Sleeman D, Liv-
ingstone AS, et al. Delayed gastric emptying after pancreati-
coduodenectomy. Journal of Surgical Research. 2016; 202(2):380-8.
[DOI:10.1016/j,ss.2015.12.053] [PMID]

[2] Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Iz-
bicki JR, et al. Delayed gastric emptying (DGE) after pancre-
atic surgery: A suggested definition by the International Study
Group of Pancreatic Surgery (ISGPS). Surgery. 2007; 142(5):761-8.
[DOI:10.1016/j.surg.2007.05.005] [PMID]

[3] Akizuki E, Kimura Y, Nobuoka T, Imamura M, Nishidate T,
Mizuguchi T, et al. Prospective nonrandomized comparison be-
tween pylorus-preserving and subtotal stomach-preserving pan-
creaticoduodenectomy from the perspectives of DGE occurrence
and postoperative digestive functions. Journal of Gastrointestinal
Surgery: Official Journal of The Society for Surgery of the Alimen-
tary Tract. 2008; 12(7):1185-92. [DOI:10.1007/511605-008-0513-z]
[PMID]

[4] Lermite E, Pessaux P, Brehant O, Teyssedou C, Pelletier I, Etienne
S, et al. Risk factors of pancreatic fistula and delayed gastric emp-
tying after pancreaticoduodenectomy with pancreaticogastrosto-
my. Journal of the American College of Surgeons. 2007; 204(4):588-
96. [DOI:10.1016/j jamcollsurg.2007.01.018] [PMID]

[5] Nagle RT, Leiby BE, Lavu H, Rosato EL, Yeo CJ, Winter JM.
Pneumonia is associated with a high risk of mortality after pancre-
aticoduodenectomy. Surgery. 2017; 161(4):959-67. [DOI:10.1016/j.
surg.2016.09.028] [PMID]

[6] Kimura F, Suwa T, Sugiura T, Shinoda T, Miyazaki M, Itoh H.
Sepsis delays gastric emptying following pylorus-preserving
pancreaticoduodenectomy.  Hepato-gastroenterology. ~ 2002;
49(44):585-8. [Link]

[7] Kollmar O, Moussavian MR, Richter S, de Roi P, Maurer CA,
Schilling MK. Prophylactic octreotide and delayed gastric emp-
tying after pancreaticoduodenectomy: Results of a prospective
randomized double-blinded placebo-controlled trial. European
Journal of Surgical Oncology: Journal of the European Society of
Surgical Oncology and the British Association of Surgical Oncol-
ogy. 2008; 34(8):868-75. [DOI:10.1016/j.€js0.2008.01.014] [PMID]

[8] Laaninen M, Sand ], Nordback 1, Vasama K, Laukkarinen J.
Perioperative hydrocortisone reduces major complications
after pancreaticoduodenectomy: A randomized controlled
trial. Annals of Surgery. 2016; 264(5):696-702. [DOI:10.1097/
SLA.0000000000001883] [PMID]

[9] Raty S, Sand J, Lantto E, Nordback 1. Postoperative acute pan-
creatitis as a major determinant of postoperative delayed gastric
emptying after pancreaticoduodenectomy. Journal of Gastro-
intestinal Surgery: Official Journal of the Society for Surgery of
the Alimentary Tract. 2006; 10(8):1131-9. [DOI:10.1016/j.gas-
sur.2006.05.012] [PMID]

December 2016, Volume 2, Number 2

[10] Pratt W, Joseph S, Callery MP, Vollmer CM, Jr. POSSUM accu-
rately predicts morbidity for pancreatic resection. Surgery. 2008;
143(1):8-19. [DOI:10.1016/j.surg.2007.07.035] [PMID]

[11] Grobmyer SR, Pieracci FM, Allen PJ, Brennan MF, Jaques DP.
Defining morbidity after pancreaticoduodenectomy: Use of a pro-
spective complication grading system.Journal of the American
College of Surgeons. 2007; 204(3):356-64. [DOI:10.1016/j.jamcoll-
surg.2006.11.017] [PMID]

[12] Lin PW, Lin Y]. Prospective randomized comparison between
pylorus-preserving and standard pancreaticoduodenectomy. The
British Journal of Surgery. 1999; 86(5):603-7. [DOI:10.1046/7.1365-
2168.1999.01074.x] [PMID]

[13] Tani M, Terasawa H, Kawai M, Ina S, Hirono S, Uchiyama K,
et al. Improvement of delayed gastric emptying in pylorus-pre-
serving pancreaticoduodenectomy: Results of a prospective, ran-
domized, controlled trial. Annals of Surgery. 2006; 243(3):316-20.
[DOI:10.1097/01.51a.0000201479.84934.ca] [PMID] [PMCID]

[14] Xu B, Meng H, Qian M, Gu H, Zhou B, Song Z. Braun enter-
oenterostomy during pancreaticoduodenectomy decreases post-
operative delayed gastric emptying. American Journal of Surgery.
2015; 209(6):1036-42. [DOI:10.1016/j.amjsurg.2014.06.035] [PMID]

[15] D'amato A, Montesani C, Cristaldi M, Giovannini C, Pronio A,
Santella S, et al. Restoration of digestive continuity after subtotal
gastrectomy: Comparison of the methods of Billroth I, Billroth II
and roux en Y. Randomized prospective study. Annali Italiani di
Chirurgia. 1999; 70(1):51-6. [PMID]

[16] Noorani A, Rangelova E, Del Chiaro M, Lundell LR, Ansorge
C. Delayed gastric emptying after pancreatic surgery: Analysis
of factors determinant for the short-term outcome. Frontiers in
Surgery. 2016; 3(25):1-6. [DOI:10.3389/ fsurg.2016.00025] [PMID]
[PMCID]

[17] Glowka TR, Webler M, Matthaei H, Schifer N, Schmitz V, Kalff
JC, et al. Delayed gastric emptying following pancreatoduodenec-
tomy with alimentary reconstruction according to Roux-en-Y or
Billroth-II. BMC Surgery. 2017; 17(1):1-8. [DOI:10.1186/s12893-
017-0226-x] [PMID] [PMCID]

[18] Nikfarjam M, Weinberg L, Low N, Fink MA, Muralidharan V,
Houli N, et al. A fast track recovery program significantly reduces
hospital length of stay following uncomplicated pancreaticoduo-
denectomy. JOP. Journal of the Pancreas. 2013; 14(1):63-70. [Link]

[19] Torres JC, Oca CF, Garrison RN. Gastric bypass: Roux-en-Y
gastrojejunostomy from the lesser curvature. Southern Medical
Journal. 1983; 76(10):1217-21. [DOI:10.1097/00007611-198310000-
00005] [PMID]

[20] Murakami Y, Uemura K, Sudo T, Hayashidani Y, Hashimoto
Y, Nakagawa N et al. An antecolic Roux-en-Y type reconstruction
decreased delayed gastric emptying after pylorus-preserving pan-
creatoduodenectomy. Journal of Gastrointestinal Surgery. 2008;
12:1081-6. [DOI:10.1007/511605-008-0483-1] [PMID]

[21] Wu W, Hong X, Fu L, Liu S, You L, Zhou L, Zhao Y. The effect
of pylorus removal on delayed gastric emptying after pancrea-
ticoduodenectomy: A meta-analysis of 2,599 patients. PloS One.
2014; 9(10):¢108380. [DOI:10.1371/journal.pone.0108380] [PMID]
[PMCID]

Arabi et al. Effect of Right to Left or Lefi-to-Right Gastrojejunostomy after Whipple. Jundishapur J Oncol. 2016; 2(2):33-37

—
37



https://jjo.ajums.ac.ir/
https://doi.org/10.1016/j.jss.2015.12.053
https://www.ncbi.nlm.nih.gov/pubmed/27229113
https://doi.org/10.1016/j.surg.2007.05.005
https://www.ncbi.nlm.nih.gov/pubmed/17981197
https://doi.org/10.1007/s11605-008-0513-z
https://www.ncbi.nlm.nih.gov/pubmed/18427904
https://doi.org/10.1016/j.jamcollsurg.2007.01.018
https://www.ncbi.nlm.nih.gov/pubmed/17382217
https://doi.org/10.1016/j.surg.2016.09.028
https://doi.org/10.1016/j.surg.2016.09.028
https://www.ncbi.nlm.nih.gov/pubmed/27836210
https://europepmc.org/article/med/11995503
https://doi.org/10.1016/j.ejso.2008.01.014
https://www.ncbi.nlm.nih.gov/pubmed/18299182
https://doi.org/10.1097/SLA.0000000000001883
https://doi.org/10.1097/SLA.0000000000001883
https://www.ncbi.nlm.nih.gov/pubmed/27429037
https://doi.org/10.1016/j.gassur.2006.05.012
https://doi.org/10.1016/j.gassur.2006.05.012
https://www.ncbi.nlm.nih.gov/pubmed/16966032
https://doi.org/10.1016/j.surg.2007.07.035
https://www.ncbi.nlm.nih.gov/pubmed/18154928
https://doi.org/10.1016/j.jamcollsurg.2006.11.017
https://doi.org/10.1016/j.jamcollsurg.2006.11.017
https://www.ncbi.nlm.nih.gov/pubmed/17324768
https://doi.org/10.1046/j.1365-2168.1999.01074.x
https://doi.org/10.1046/j.1365-2168.1999.01074.x
https://www.ncbi.nlm.nih.gov/pubmed/10361177
https://doi.org/10.1097/01.sla.0000201479.84934.ca
https://www.ncbi.nlm.nih.gov/pubmed/16495694
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1448934
https://doi.org/10.1016/j.amjsurg.2014.06.035
https://www.ncbi.nlm.nih.gov/pubmed/25457234
https://europepmc.org/article/med/10367507
https://doi.org/10.3389/fsurg.2016.00025
https://www.ncbi.nlm.nih.gov/pubmed/27200357
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4843166
https://doi.org/10.1186/s12893-017-0226-x
https://doi.org/10.1186/s12893-017-0226-x
https://www.ncbi.nlm.nih.gov/pubmed/28320386
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5359898
http://www.serena.unina.it/index.php/jop/article/view/1223/0
https://doi.org/10.1097/00007611-198310000-00005
https://doi.org/10.1097/00007611-198310000-00005
https://www.ncbi.nlm.nih.gov/pubmed/6623129
https://doi.org/10.1007/s11605-008-0483-1
https://www.ncbi.nlm.nih.gov/pubmed/18256885
https://doi.org/10.1371/journal.pone.0108380
https://www.ncbi.nlm.nih.gov/pubmed/25272034
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4182728

