
World Journal of
Clinical Oncology

ISSN 2218-4333 (online)

World J Clin Oncol  2022 May 24; 13(5): 314-422

Published by Baishideng Publishing Group Inc



WJCO https://www.wjgnet.com I May 24, 2022 Volume 13 Issue 5

World Journal of 

Clinical OncologyW J C O
Contents Monthly Volume 13 Number 5 May 24, 2022

MINIREVIEWS

Neoadjuvant treatment in non-small cell lung cancer: New perspectives with the incorporation of 
immunotherapy

314

Aguado C, Chara L, Antoñanzas M, Matilla Gonzalez JM, Jiménez U, Hernanz R, Mielgo-Rubio X, Trujillo-Reyes JC, 
Couñago F

ORIGINAL ARTICLE

Basic Study

Tumor specifically internalizing peptide ‘HN-1’: Targeting the putative receptor retinoblastoma-regulated 
discoidin domain receptor 1 involved in metastasis

323

Hong FU, Castro M, Linse K

Retrospective Study

Co-relation of SARS-CoV-2 related 30-d mortality with HRCT score and RT-PCR Ct value-based viral load 
in patients with solid malignancy

339

Narayan S, Talwar V, Goel V, Chaudhary K, Sharma A, Redhu P, Soni S, Jain A

Survival characteristics of fibrolamellar hepatocellular carcinoma: A Surveillance, Epidemiology, and End 
Results database study

352

Sempokuya T, Forlemu A, Azawi M, Silangcruz K, Khoury N, Ma J, Wong LL

Modified binding pancreaticogastrostomy vs modified Blumgart pancreaticojejunostomy after 
laparoscopic pancreaticoduodenectomy for pancreatic or periampullary tumors

366

Choudhury SR, Kalayarasan R, Gnanasekaran S, Pottakkat B

Observational Study

Assessing optimal Roux-en-Y reconstruction technique after total gastrectomy using the Postgastrectomy 
Syndrome Assessment Scale-45

376

Ikeda M, Yoshida M, Mitsumori N, Etoh T, Shibata C, Terashima M, Fujita J, Tanabe K, Takiguchi N, Oshio A, Nakada K

SYSTEMATIC REVIEWS

Immune checkpoint inhibitors in head and neck squamous cell carcinoma: A systematic review of phase-3 
clinical trials

388

Poulose JV, Kainickal CT

LETTER TO THE EDITOR

Commentary: Evaluating potential glioma serum biomarkers, with future applications412

Goutnik M, Lucke-Wold B



WJCO https://www.wjgnet.com II May 24, 2022 Volume 13 Issue 5

World Journal of Clinical Oncology
Contents

Monthly Volume 13 Number 5 May 24, 2022

How to improve metastatic pancreatic ductal adenocarcinoma patients’ selection: Between clinical trials 
and the real-world

417

Pretta A, Spanu D, Mariani S, Liscia N, Ziranu P, Pusceddu V, Puzzoni M, Massa E, Scartozzi M, Lai E



WJCO https://www.wjgnet.com III May 24, 2022 Volume 13 Issue 5

World Journal of Clinical Oncology
Contents

Monthly Volume 13 Number 5 May 24, 2022

ABOUT COVER

Editorial Board Member of World Journal of Clinical Oncology, Fabrício Freire de Melo, PhD, Professor, Instituto 
Multidisciplinar em Saúde, Universidade Federal da Bahia, Rua Hormindo Barros, 58, Candeias, Vitória da 
Conquista, Bahia 45029-094, Brazil. fabricio.freire@ufba.br

AIMS AND SCOPE

The primary aim of World Journal of Clinical Oncology (WJCO, World J Clin Oncol) is to provide scholars and readers 
from various fields of oncology with a platform to publish high-quality basic and clinical research articles and 
communicate their research findings online. 
    WJCO mainly publishes articles reporting research results and findings obtained in the field of oncology and 
covering a wide range of topics including art of oncology, biology of neoplasia, breast cancer, cancer prevention 
and control, cancer-related complications, diagnosis in oncology, gastrointestinal cancer, genetic testing for cancer, 
gynecologic cancer, head and neck cancer, hematologic malignancy, lung cancer, melanoma, molecular oncology, 
neurooncology, palliative and supportive care, pediatric oncology, surgical oncology, translational oncology, and 
urologic oncology.

INDEXING/ABSTRACTING

The WJCO is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of 
Science), Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology 
Journal Database, and Superstar Journals Database. The 2021 edition of Journal Citation Reports® cites the 2020 
Journal Citation Indicator (JCI) for WJCO as 0.48.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Wen-Wen Qi; Production Department Director: Xu Guo; Editorial Office Director: Ze-Mao Gong.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Oncology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2218-4333 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

November 10, 2010 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Hiten RH Patel, Stephen Safe, Jian-Hua Mao, Ken H Young https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2218-4333/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

May 24, 2022 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2218-4333/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCO https://www.wjgnet.com 366 May 24, 2022 Volume 13 Issue 5

World Journal of 

Clinical OncologyW J C O
Submit a Manuscript: https://www.f6publishing.com World J Clin Oncol 2022 May 24; 13(5): 366-375

DOI: 10.5306/wjco.v13.i5.366 ISSN 2218-4333 (online)

ORIGINAL ARTICLE

Retrospective Study

Modified binding pancreaticogastrostomy vs modified Blumgart 
pancreaticojejunostomy after laparoscopic 
pancreaticoduodenectomy for pancreatic or periampullary tumors

Satyaprakash Ray Choudhury, Raja Kalayarasan, Senthil Gnanasekaran, Biju Pottakkat

Specialty type: Oncology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Bencini L, Italy; Ferná
ndez-Placencia RM, Peru

Received: January 18, 2022 
Peer-review started: January 18, 
2022 
First decision: February 15, 2022 
Revised: February 28, 2022 
Accepted: May 7, 2022 
Article in press: May 7, 2022 
Published online: May 24, 2022

Satyaprakash Ray Choudhury, Raja Kalayarasan, Senthil Gnanasekaran, Biju Pottakkat, 
Department of Surgical Gastroenterology, Jawaharlal Institute of Postgraduate Medical 
Education and Research, Puducherry 605006, India

Corresponding author: Raja Kalayarasan, MBBS, MCh, MS, Additional Professor, Department 
of Surgical Gastroenterology, Jawaharlal Institute of Postgraduate Medical Education and 
Research, Room No. 5442, 4th Floor, Super Specialty Block, Puducherry 605006, India.  
kalayarasanraja@yahoo.com

Abstract
BACKGROUND 
Laparoscopic pancreaticoenteric anastomosis is one of the technically challenging 
steps of minimally invasive pancreaticoduodenectomy (PD), especially during the 
learning curve. Despite multiple randomized controlled trials and meta-analyses, 
the type of pancreatico-enteric anastomosis as a risk factor for post-pancre-
atectomy complications is debatable. Also, the ideal technique of pancreatic 
reconstruction during the learning curve of laparoscopic PD has not been well 
studied.

AIM 
To compare the short-term outcomes of modified binding pancreaticogastrostomy 
(PG) and Blumgart pancreaticojejunostomy (PJ) during learning curve of laparo-
scopic PD.

METHODS 
The first 25 patients with resectable pancreatic or periampullary tumors who 
underwent laparoscopic PD with modified binding PG or modified Blumgart PJ 
between January 2015 and May 2020 were retrospectively analyzed to compare 
perioperative outcomes during the same learning curve. A single layer of the full-
thickness purse-string suture was placed around the posterior gastrotomy in the 
modified binding PG. In the modified Blumgart technique, only a single transpan-
creatic horizontal mattress suture was placed on either side of the pancreatic duct 
(total two sutures) to secure the pancreatic parenchyma to the jejunum. Also, on 
the ventral surface, the knot is tied on the jejunal wall without going through the 
pancreatic parenchyma. Post pancreatectomy complications are graded as per the 
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International Study Group for Pancreatic Surgery criteria.

RESULTS 
During the study period, modified binding PG was performed in 27 patients and modified 
Blumgart PJ in 29 patients. The demographic and clinical parameters of the first 25 patients 
included in both groups were comparable. Lower end cholangiocarcinoma and ampullary 
adenocarcinoma were the primary indications for laparoscopic PD in both groups (32/50, 64%). 
The median operative time for pancreatic reconstruction was significantly lower in the binding PG 
group (42 vs 58 min, P = 0.01). The clinically relevant (Grade B/C) postoperative pancreatic fistula 
(POPF) was significantly more in the modified PJ group (28% vs 4%, P = 0.04). In contrast, 
intraluminal postpancreatectomy hemorrhage (PPH) was more in the binding PG group (32% vs 
4%, P = 0.02). There was no significant difference in the incidence of delayed gastric emptying 
between the two groups.

CONCLUSION 
During the learning curve of laparoscopic PD, modified binding PG reduces POPF but is 
associated with increased intraluminal PPH compared to PJ using the modified Blumgart 
technique.

Key Words: Pancreaticoduodenectomy; Laparoscopy; Pancreatic cancer; Pancreaticojejunostomy; 
Neoplasms; Tumors

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: During the learning curve of laparoscopic pancreaticoduodenectomy, modified binding pancre-
aticogastrostomy reduces the operative time for pancreatic reconstruction. Also, modified binding pancre-
aticogastrostomy reduces clinically relevant postoperative pancreatic fistula compared to modified 
Blumgart pancreaticojejunostomy. However, modified binding pancreaticogastrostomy is associated with 
increased intraluminal postpancreatectomy hemorrhage. The present study results could guide surgeons to 
tailor the pancreatic reconstruction during the learning curve of laparoscopic pancreaticoduodenectomy.

Citation: Choudhury SR, Kalayarasan R, Gnanasekaran S, Pottakkat B. Modified binding pancreaticogastrostomy 
vs modified Blumgart pancreaticojejunostomy after laparoscopic pancreaticoduodenectomy for pancreatic or 
periampullary tumors. World J Clin Oncol 2022; 13(5): 366-375
URL: https://www.wjgnet.com/2218-4333/full/v13/i5/366.htm
DOI: https://dx.doi.org/10.5306/wjco.v13.i5.366

INTRODUCTION
Laparoscopic pancreaticoduodenectomy (PD) is considered one of the most complex minimal access 
surgical procedures, requiring proficiency in advanced laparoscopic surgery. With advancements in 
laparoscopic skills and technology, multiple studies have reported the feasibility, safety, and oncological 
equivalence of Laparoscopic PD compared to open PD[1-3]. Despite improved surgical techniques and 
perioperative management, PD remains a morbid procedure with a 30%-50% estimated morbidity rate
[4]. As in open PD, pancreatico-enteric anastomosis remains the Achilles’ heel in laparoscopic PD, and 
postoperative pancreatic fistula (POPF) is the critical cause of morbidity in these patients. The type of 
pancreatico-enteric anastomosis as a risk factor for POPF is still debatable. Multiple retrospective 
studies, some randomized controlled trials (RCTs), and meta-analyses have reported that pancreatico-
gastrostomy (PG) is associated with less incidence of POPF compared to pancreaticojejunostomy (PJ)[5,
6]. However, other RCTs and meta-analyses did not report any difference between the two anastomotic 
techniques concerning clinically relevant POPF rates[7,8].

In laparoscopic PD, in addition to conventional risk factors for POPF, laparoscopic instruments’ 
restricted range of motion poses an additional risk, especially during the learning curve. A review of 
various techniques of laparoscopic pancreatic reconstruction following laparoscopic PD reported that PJ 
was more commonly used than PG like open PD[9]. However, to date, no RCT has compared different 
techniques of pancreatic reconstruction in laparoscopic PD, precluding a definite conclusion. The ideal 
method of managing remnant pancreas following laparoscopic PD should be safe and easy to perform, 
especially during the learning curve. In open PD, binding PG using two layers of purse-string sutures 
has been described as a safe and technically simpler method of pancreatic reconstruction[10,11]. Of the 

https://www.wjgnet.com/2218-4333/full/v13/i5/366.htm
https://dx.doi.org/10.5306/wjco.v13.i5.366


Choudhury SR et al. Pancreatic reconstruction in laparoscopic pancreaticoduodenectomy

WJCO https://www.wjgnet.com 368 May 24, 2022 Volume 13 Issue 5

many techniques of PJ, the Blumgart method of PJ is a popular one, and its safety has been established 
in multiple open PD series[12-14]. However, the outcomes of these techniques of pancreatic 
reconstruction during the learning curve of Laparoscopic PD have not been previously studied. We 
used the binding PG and Blumgart method of PJ that was modified to suit the laparoscopic pancreatic 
reconstruction[12,15]. The present study compares the short-term outcomes of modified binding PG and 
Blumgart technique of PJ for pancreatic reconstruction in laparoscopic PD during the learning curve.

MATERIALS AND METHODS
Patient selection
Laparoscopic PD was started in the institute in January 2015. Until October 2017, modified binding PG 
was used for pancreatic reconstruction in laparoscopic PD. Subsequently, the modified Blumgart 
technique was mainly used for pancreatic reconstruction, except in patients whose pancreatic duct 
could not be identified after pancreatic transection, where invagination PJ or binding PG was used. 
Clinical data of the first 25 patients with resectable pancreatic and periampullary tumors who 
underwent laparoscopic PD with modified binding PG or modified Blumgart PJ between January 2015 
and May 2020 were retrospectively analyzed to evaluate the outcomes during the same learning curve. 
Pancreatic cancer patients with suspected vascular involvement and those with contraindications for 
laparoscopic surgery were not considered for laparoscopic PD. Patients who underwent laparoscopic 
PD with different techniques of pancreatic reconstruction and those who underwent robotic PD were 
excluded from the analysis. Also, patients who underwent laparoscopic PD for chronic pancreatitis or 
other nonmalignant etiology were not included in the study. All surgeries were performed by a single 
surgeon (RK) with sufficient experience in advanced minimally invasive gastrointestinal surgery. The 
study was approved by the institute scientific advisory committee (PGRMC 19.04.2021-18) and the 
institute ethics committee (JIP/IEC/2021/0194).

Operative technique
The procedure was performed using six laparoscopic ports: One infra umbilical 12 mm port, two 12 mm 
pararectal ports, one left subcostal 12 mm port, one right subcostal 5 mm port, and one 5 mm epigastric 
port with the patient in French position (supine with leg split). The infraumbilical port is used for 
laparoscopic camera except during uncinate dissection when the camera is moved to the right pararectal 
port. For ligation and division of gastrocolic trunk, division of stomach, lymph node dissection in 
hepatoduodenal ligament, and bile duct division, the two 12 mm ports on the left side are used as 
primary working ports with the surgeon standing on the left side of the patient. The primary surgeon 
moves to the patient’s right side for the remaining dissection. The two right-sided ports are used as a 
primary working port for the pancreatic reconstruction using modified binding PG. Two full-thickness 
stay sutures are taken at the corners of the pancreatic cut surface using 3-0 polypropylene to facilitate 
pancreatic mobilization and invagination into the stomach (Figure 1). The pancreas is carefully 
mobilized from the splenic vein and artery after sealing and dividing small vessels for approximately 3-
4 cm. The left gastric vein that usually drains to the splenic portal vein junction should be identified 
during pancreatic mobilization to avoid inadvertent injury and troublesome bleeding. Anterior 
gastrotomy of length approximately 4-5 cm was made proximal to the stapled end of the stomach. A 
posterior gastrotomy was made at a site where the pancreas can be invaginated without undue tension 
for a length approximately equivalent to the width of the pancreatic cut surface. In contrast to the 
original technique of binding PG that used two layers (inner mucosal and outer seromuscular) of purse-
string sutures, the modified binding PG technique utilizes only a single layer of a full-thickness purse-
string suture[10,15]. The modified binding PG technique used in the current series was adapted from 
the publication by Hong et al[15] that reported the feasibility of binding PG using a single layer of the 
full thickness purse-string suture in 10 patients undergoing laparoscopic central pancreatectomy. The 
placement of the purse-string suture using 3-0 polypropylene should start from the superior edge of the 
posterior gastrotomy to ensure adequate visualization of knots after invagination of the pancreas. The 
pancreas was lifted using the stay sutures and invaginated into the stomach through posterior 
gastrotomy. The stay sutures are held with a laparoscopic grasper advanced through anterior 
gastrotomy. Once the invagination of at least 2 cm of the pancreas into the stomach was confirmed, the 
stay suture is tied to bind the gastric wall to the pancreatic stump. The position of the pancreas inside 
the stomach was rechecked after completion of the hepaticojejunostomy to ensure a tension-free 
anastomosis. An anterior gastrotomy was used for hand sewn gastrojejunostomy.

For PJ using the modified Blumgart technique, the surgeon stands between the patient’s legs and uses 
the infraumbilical and right subcostal ports as working ports. The laparoscopic camera was inserted 
through the right pararectal port. In the original Blumgart technique, two to three transpancreatic full-
thickness U-shaped sutures were placed on either side of the pancreatic duct[16]. In the modified 
technique, a single transpancreatic horizontal mattress suture was placed on either side of the pancreatic 
duct (total two sutures) to secure the pancreatic parenchyma to the jejunum (Figure 2). The modified 
Blumgart PJ used in the present series was based on the previous studies in open PD that reported the 
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Figure 1 Steps of modified binding pancreaticogastrostomy. A: Two full-thickness stay sutures are taken at the corners of the pancreatic cut surface; B: A 
posterior gastrotomy is made at a site where the pancreas can be invaginated without undue tension; C: Anterior gastrotomy of approximately 4-5 cm is made 
proximal to the stapled end of the stomach; D: A full-thickness purse-string suture is placed around the posterior gastrotomy using 2-0 polypropylene; E: The 
pancreas lifted using the stay sutures and invaginated into the stomach through posterior gastrotomy; F: At least 2 cm of the pancreas invaginated into the stomach. 
Purse-string suture tied to bind the gastric wall to the pancreatic stump.

advantages of using fewer transpancreatic sutures to minimize the risk of pancreatic juice leakage[12,
14]. The 26 mm ½ circle round body needle of 3-0 polypropylene suture was straightened to facilitate 
the placement of transpancreatic suture. For duct to mucosa anastomosis, six interrupted 4-0 PDS 
sutures are placed at 4, 6, 8, 10, 12, and 2o’clock position. The needle moves in-out direction in the 
ductal end to ensure accurate placement of pancreatic duct sutures. In-out needle movement was 
facilitated by taking the initial bite in the pancreatic duct for 4, 6, and 8 o’clock sutures. For the 
remaining sutures, the initial bite was taken in the jejunal end. The pancreatic duct stent was placed 
after knotting the 6 and 8o’clock sutures. However, the stent was not fixed with sutures. After knotting 
the remaining duct to mucosa sutures, the transpancreatic suture needle was used to take a 
seromuscular bite on the antimesenteric edge of the jejunum. Ligation of these sutures wraps the ventral 
portion of the pancreatic cut edge with the jejunum. In contrast to the original Blumgart technique, no 
suture was taken on the anterior surface of the pancreas. A feeding jejunostomy was routinely 
performed in all patients undergoing laparoscopic PD.

Outcome measures
The patients’ demographic and clinical data, including age, sex, body mass index, bilirubin level, 
preoperative biliary drainage, total operative time, time taken for pancreatic reconstruction, estimated 
blood loss, need for blood transfusions, fistula risk score, and tumor type, were reviewed and compared 
between the two groups[17]. Postoperative morbidity was graded as per Clavien-Dindo classification
[18]. Delayed gastric emptying [DGE], postpancreatectomy hemorrhage (PPH), and postoperative 
pancreatic fistula [POPF] were graded as per the International Study Group for Pancreatic Surgery 
[ISGPS] definition[19-21]. Postoperative mortality is defined as any death, regardless of cause, occurring 
within 90 d after surgery in or out of the hospital.

Statistical analysis
Continuous variables were expressed as the median with range. Categorical variables were expressed as 
proportions. Continuous variables were analyzed using the Mann-Whitney U test. Categorical variables 
were analyzed using the chi-square test or Fisher’s exact test. A P value of less than 0.05 was considered 
statistically significant. All analyses were performed using IBM SPSS Statistics for Windows, Version 
28.0. (Armonk, NY: IBM Corp).



Choudhury SR et al. Pancreatic reconstruction in laparoscopic pancreaticoduodenectomy

WJCO https://www.wjgnet.com 370 May 24, 2022 Volume 13 Issue 5

Figure 2 Steps of modified Blumgart pancreaticojejunostomy. A: The 26 mm ½ circle round body needle of 3-0 polypropylene suture is straightened to 
facilitate the placement of transpancreatic suture; B: One transpancreatic U suture is taken on either side of the pancreatic duct, and the sutures were held with 
bulldog clamps; C: 8 o’clock duct to mucosa suture taken with the needle moving in-out direction in the ductal end; D: The pancreatic duct stent is placed after ligating 
the 6 and 8 o’clock sutures; E: Completion of duct to mucosa sutures; F: Transpancreatic U suture is tied to wrap the pancreatic cut edge with the jejunum.

RESULTS
During the study period, 78 patients underwent minimally invasive PD. Of these, 22 patients [Robotic 
PD (n = 18), nonmalignant etiology (n = 2), invagination PJ (n = 2)] who did not meet the inclusion 
criteria were excluded from the analysis. Overall, modified binding PG was performed in 27 patients 
and modified Blumgart PJ in 29 patients. To evaluate the short-term outcomes during the learning curve 
of laparoscopic PD, the first 25 consecutive patients who underwent modified binding PG and modified 
Blumgart PJ were included in the study.

The demographic and clinical parameters between the two groups were comparable (Table 1). Both 
groups had lower end cholangiocarcinoma and ampullary adenocarcinoma as the primary indications 
for laparoscopic PD (32/50, 64%). Hence, most patients had jaundice (43/50, 86%) at presentation. All 3 
patients with intraductal papillary mucinous neoplasm had the main duct type of tumor. Of the 3 
patients with neuroendocrine tumor, 1 patient had an ampullary tumor, and the other 2 had cancer in 
the head and uncinate process of the pancreas.

There was no significant difference in the total operative time and estimated blood loss between the 
two groups (Table 2). However, the median time to perform modified binding PG was significantly less 
than modified Blumgart PJ. While most patients had intermediate or high fistula risk scores (38/50, 
76%), the proportion was not significantly different between the two groups. However, the modified 
binding PG group had a significantly lesser number of patients with Grade B/C POPF. None of the 
patients required reoperation for POPF. Overall, 9 patients had PPH (Grade A-3, Grade B-5, Grade C-1). 
The proportion of patients with PPH was significantly more in the modified binding PG group. On the 
fifth postoperative day, 1 patient in the binding PG group was reoperated in an emergency due to 
severe upper gastrointestinal bleeding that manifested as hematemesis. To visualize the pancreatic 
stump, an anterior gastrotomy was made away from the gastrojejunostomy site. After evacuating the 
clots in the gastric lumen, an arterial bleeder in the inferior edge of the pancreatic stump was suture 
ligated. DGE was present in 13 patients (Grade A-7, Grade B-4, Grade C-2). However, there was no 
significant difference in the rate of DGE between the two groups. There was no postoperative mortality 
in both groups.
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Table 1 Comparison of demographic and clinical parameters of patients who underwent laparoscopic pancreatoduodenectomy with 
binding pancreaticogastrostomy and modified Blumgart pancreaticojejunostomy

Variable Binding PG group, n = 25 Modified Blumgart PJ group, n = 25 P value

Age in yr, median (range) 53.7 (37-75) 58.2 (31-79) 0.12

Sex, Male:Female 14:11 15:10 > 0.99

BMI in kg/m2, median (range) 23.8 (17.6-41.6) 24.6 (18.2-40.0) 0.69

Jaundice, n (%) 22 (88) 21 (84) > 0.99

Cholangitis, n (%) 8 (32) 5 (20) 0.52

Peak total bilirubin levels in mg/dL, median 
(range)

12.8 (1.2-28.3) 10.6 (1.1-31.2) 0.59

Preoperative biliary drainage, n (%) 14 (56) 12 (48) 0.78

CA 19-9 (U/mL), median (range) 55 (1-5682) 84 (2-3318) 0.12

Diagnosis, n (%)

Cholangiocarcinoma 9 (36) 7 (28) 0.76

Pancreatic adenocarcinoma 3 (12) 2 (8) > 0.99

Ampullary adenocarcinoma 7 (28) 9 (36) 0.76

Duodenal adenocarcinoma 3 (12) 4 (16) > 0.99

Intraductal papillary mucinous 2 (8) 1 (4) > 0.99

Neoplasm pancreas

Neuroendocrine tumor 1 (4) 2 (8) > 0.99

PG: Pancreaticogastrostomy; PJ: Pancreaticojejunostomy.

DISCUSSION
The present study results suggest that during the learning curve of laparoscopic PD, modified binding 
PG reduces POPF but is associated with increased intraluminal PPH compared to PJ using the modified 
Blumgart technique. The feasibility, safety, and oncological outcomes of laparoscopic PD have been 
documented in multiple retrospective series and a few single-center prospective trials[1-3]. However, 
the multicenter randomized trial (LEOPARD-2) comparing laparoscopic with open PD was prematurely 
terminated because of higher complication-related mortality in the laparoscopic group[22]. As in open 
PD, pancreatico-enteric anastomosis is the critical cause of morbidity and mortality in patients 
undergoing laparoscopic PD, especially during the learning curve in low and medium volume centers[4,
22]. While the learning curve for laparoscopic PD has not been well studied, a few single-center studies 
have suggested that operative time and complications stabilize after 30-42 procedures[23-25]. Hence, in 
the present study, the perioperative outcomes of the first 25 laparoscopic procedures are compared.

The type of pancreatico-enteric anastomosis as a risk factor for POPF is still controversial. While a few 
RCTs and meta-analyses have documented the benefits of PG in reducing POPF, others did not find any 
difference between the two anastomotic techniques[5-8]. The ideal pancreatic reconstruction technique 
during the learning curve of laparoscopic PD should be safe and easy to perform. The binding technique 
for pancreatoenteric anastomosis was described by Peng et al[26] based on the hypothesis that avoiding 
pancreatic sutures at the level of the anastomosis can minimize POPF. Initially, he described binding PJ 
with an excellent postoperative outcome[26]. However, binding PJ cannot be used when the pancreatic 
stump is too large to be invaginated into the jejunum. Hence, binding PG was developed in which the 
pancreatic stump was invaginated into the stomach and held in place by two purse-string sutures: an 
outer seromuscular and inner mucosal purse-string suture[10]. Despite encouraging outcomes with 
binding PG in open PD, its safety and feasibility have not been well studied in laparoscopic PD. 
Wakabayashi et al[27] reported the feasibility of double purse-string suture PG in robotic PD as a 
technical report. In the present study, only a single layer of the full-thickness purse-string suture was 
used that was adapted from the previous report on the feasibility of binding PG using a single layer of 
the full thickness purse-string suture in patients undergoing laparoscopic central pancreatectomy[28]. 
The efficacy of the Blumgart technique in reducing the POPF rate has been documented in multiple 
open PD series[29,30]. The transpancreatic, full-thickness, mattress U-sutures used in the Blumgart 
technique reduce the tangential tension and shear force at the pancreatic stump. However, more sutures 
on the pancreas increase the POPF risk[31]. Another potential risk with the original Blumgart technique 
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Table 2 Comparison of perioperative outcomes of patients who underwent laparoscopic pancreatoduodenectomy with binding 
pancreaticogastrostomy and modified Blumgart pancreaticojejunostomy

Variable Binding PG group, n = 25 Modified Blumgart PJ group, n = 
25 P value

Total operative time in min, median (range) 445 (390-710) 405 (330-670) 0.06

Operative time for pancreatic reconstruction in min, median 
(range)

42 (26-65) 58 (44-81) 0.01

Estimated blood loss in mL, median (range) 320 (210-740) 310 (175-950) 0.09

Blood Transfusion, n (%) 6 (24) 7 (28) > 0.99

Gland texture, n (%) 

Soft 17 (68) 19 (76) 0.75

Firm 8 (32) 6 (24)

Pancreatic duct diameter in mm, median (range) 3 (1-9) 3 (2-10) > 0.99

Fistula risk score, n (%)

Low 5 (20) 7 (28) 0.74

Intermediate 12 (48) 13 (52) > 0.99

High 8 (32) 5 (20) 0.52

Postoperative morbidity, Clavien-Dindo classification IIIa or 
more, n (%)

8 (32) 9 (36) > 0.99

Pancreatic fistula as Grade B/C, n (%) 1 (4) 7 (28) 0.04

Delayed gastric emptying, n (%) 7(28) 6 (24) > 0.99

Post pancreatectomy hemorrhage, n (%) 8 (32) 1 (4) 0.02

Bile leak, n (%) 0 1 (4) > 0.99

Postoperative hospital stay in days, median (range) 9 (6-38) 8 (5-56) 0.72

PG: Pancreaticogastrostomy; PJ: Pancreaticojejunostomy.

is excessive compression on the pancreas while tying the transpancreatic sutures. Hence, only two 
transpancreatic U sutures were used in the present technique. Also, on the ventral surface, only a 
seromuscular bite was taken on the jejunum without taking any suture on the anterior surface of the 
pancreas to reduce shear force and excessive compression of the pancreatic parenchyma.

The perioperative outcomes of the modified binding PG and modified Blumgart technique of PJ have 
not been previously compared in the laparoscopic approach. As documented in the present study, 
modified binding PG can minimize the pancreatic reconstruction time as it requires only a single layer 
of the full-thickness purse-string suture. Also, only 1 patient developed clinically relevant POPF in the 
binding PG group despite the high fistula risk score of the included patients. In Binding PG, no sutures 
are taken to fix the pancreas with the stomach, which precludes the risk of suture cut through in the soft 
pancreas. Also, the portion of the pancreas through which stay sutures are taken is invaginated into the 
stomach. It ensures that a minor pancreatic leak from the needle entry site enters the gastric lumen 
rather than the peritoneal cavity. The clinically relevant POPF rate with the modified Blumgart 
technique was 28% in the present study. The grade B/C POPF rate with the Blumgart technique in open 
PD ranges from 2.5% to 20.5%[12-14,29,30]. Nagakawa et al[31] reported a Grade B/C POPF rate of 20% 
in their laparoscopic series using the modified Blumgart technique. The relatively high POPF rate in the 
present series could be due to the learning curve effect and inclusion of high fistula risk score patients.

In contrast to POPF, modified binding PG is associated with an increased incidence of intraluminal 
PPH. While most patients had Grade A or B PPH, surgical intervention was required in 1 patient. Also, 
seeing blood through the nasogastric gastric tube makes the patient anxious. Raw pancreatic stump 
lying freely in the gastric lumen without any compression effect of jejunum may be the reason for an 
increased incidence of intraluminal PPH. Hong et al[27] suggested that full-thickness suture closure of 
pancreatic stump can reduce the incidence of intraluminal PPH with binding PG. It is recommended to 
stent the pancreatic duct to avoid including it while taking the hemostatic sutures.

The choice of pancreatic reconstruction in both open and laparoscopic PD is determined by surgeon 
preference and familiarity with a particular technique. As binding PG is a technically more straight-
forward procedure, we used it in our initial patients who underwent PD. The increased incidence of 
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intraluminal PPH was the primary reason for changing to modified Blumgart PJ. The present study 
results suggest that it may be preferable to start with a simpler technique of pancreatic reconstruction to 
reduce the POPF rate. Modified Binding PG with hemostatic pancreatic sutures on either side of the 
pancreatic duct may achieve the goal without increasing PPH. Alternatively, tailored pancreatic 
reconstruction with modified binding PG for patients with a high fistula risk score and modified 
Blumgart PJ for patients with low fistula risk score may be a reasonable approach during the learning 
curve of laparoscopic PD. While retrospective study design is the primary limitation of the current 
series, it is the first study to compare the perioperative outcomes of modified binding PG and modified 
Blumgart technique of PJ.

CONCLUSION
Modified Binding PG reduces the pancreatic reconstruction time and POPF rate during the learning 
curve of laparoscopic PD but is associated with increased intraluminal PPH compared to PJ using the 
modified Blumgart technique.

ARTICLE HIGHLIGHTS
Research background
Complications related to pancreatico-enteric anastomosis are a significant cause of morbidity, especially 
during the learning curve in laparoscopic pancreaticoduodenectomy (PD). Despite multiple randomized 
controlled trials and meta-analyses, the type of pancreatico-enteric anastomosis [pancreaticojejunostomy 
(PJ) vs pancreaticogastrostomy(PG)] as a risk factor for post-pancreatectomy complications is debatable.

Research motivation
The ideal technique of pancreatic reconstruction during the learning curve of laparoscopic PD has not 
been well studied.

Research objectives
To compare the short-term outcomes of modified binding PG and Blumgart technique of PJ for 
pancreatic reconstruction in laparoscopic PD during the learning curve.

Research methods
The first 25 patients with resectable pancreatic or periampullary tumors who underwent laparoscopic 
PD and pancreatic reconstruction with modified binding PG or Blumgart PJ between January 2015 and 
May 2020 were retrospectively analyzed. A single layer of the full-thickness purse-string suture was 
placed around the posterior gastrotomy in the modified binding PG. In the modified Blumgart 
technique, a total of two transpancreatic horizontal mattress sutures were placed on either side of the 
pancreatic duct to secure the pancreatic parenchyma to the jejunum. Also, on the ventral surface, the 
knot is tied to the jejunal wall without going through the pancreatic parenchyma. Post pancreatectomy 
complications are graded as per the International Study Group for Pancreatic Surgery criteria and 
compared to evaluate perioperative outcomes during the same learning curve.

Research results
The demographic and clinical parameters of the patients included in both groups were comparable. The 
median operative time for pancreatic reconstruction was significantly lower in the binding PG group (42 
vs 58 min, P = 0.01). The clinically relevant (Grade B/C) postoperative pancreatic fistula (POPF) was 
significantly more in the modified PJ group (28% vs 4%, P = 0.04). In contrast, intraluminal postpancre-
atectomy hemorrhage (PPH) was more in the binding PG group (32% vs 4%, P = 0.02). There was no 
significant difference in the incidence of delayed gastric emptying between the two groups.

Research conclusions
Modified binding PG reduces the pancreatic reconstruction time and POPF rate during the learning 
curve of laparoscopic PD but is associated with increased intraluminal PPH compared to PJ using the 
modified Blumgart technique.

Research perspectives
Modified Binding PG combined with techniques to reduce PPH like hemostatic pancreatic sutures on 
either side of the pancreatic duct may reduce POPF without increasing PPH during the learning curve 
of laparoscopic PD. A tailored pancreatic reconstruction with modified binding PG for patients with a 
high fistula risk score and modified Blumgart PJ for patients with low fistula risk score may be a 
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reasonable approach during the learning curve of laparoscopic PD.
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