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Background: Total and partial gastrectomy is commonly used to treat gastric carcinoma or 
other benign or malignant conditions of the stomach. Laparoscopic-assisted distal gastrec-
tomy is an alternative approach for treating mucosal gastric cancer. Many investigators have 
assessed the safety, efficacy, and feasibility of this procedure.
Objectives: The aim of present study is to compare the outcomes obtained using Roux-en-Y 
and Jejunal Loop Interposition reconstructive techniques after laparoscopic-assisted distal 
gastrectomy and determine the gross pathologic and histological changes in the anasto-
motic area and the macroscopic and microscopic pancreatic changes 1 and 3 months after 
the surgery.
Materials and Methods: Twelve adult healthy male mixed-breed dogs were divided randomly 
into 2 groups of 6 animals each. In group A, left gastroepiploic vessel and its branches, gas-
troepiploic ligament, and right gastroepiploic vessels were ligated and resected laparoscopi-
cally. A loop of jejunum, 20 cm distal to the Treitz ligament, was resected and end-to-side 
anastomosis was performed between the distal jejunal end and remaining part of the stom-
ach. The proximal jejunal end was end-to-side anastomosed to the rest of the jejunum. In 
group B, gastrectomy was performed in the same manner. A 20-cm jejunal loop, 20 cm from 
the Treitz ligament, was resected, and the remaining part of the stomach and jejunum was 
anastomosed. Jejunojejunostomy was performed between the two remaining jejunal parts.
Results: Esophagoscopy showed no en bloc resection of the esophagus or alkaline gastritis. 
A 2-cm by 2-cm ulcerative mass was observed in the remaining part of the stomach close to 
gastrojejunal anastomotic site in one patient of group A. The animals were authanized one 
and three month after the surgery. Macroscopic evaluation revealed normal healing of the 
incisional scars without any inflammation, abscess, adhesion, or other acute or chronic in-
flammatory reactions. Microscopic evaluation of the pancreatic sections revealed normal 
appearance of the gland structure, Langerhans islets, and ductal systems without any in-
flammatory reaction. Decrease in the number of zymogen granules was noted in most of 
the cases. The junction between the esophagus and stomach was normal in all the cases, and 
no inflammatory, degenerative, proliferative, hypoplastic, necrotic, hemorrhagic, edemic, 
and ulcerative changes were noted. There were no pathologic abnormalities in any of the 
esophagogastric junction sections. In the gastrojejunal anastomotic sites, decreased stom-
ach thickness at the anastomotic site and cystic dilatation of the jejunal crypts was noted.
Conclusions: Upper gastrointestinal endoscopy was found to be a useful and feasible tech-
nique to detect esophageal gastritis; anatomical structure, obstruction, or stenosis; and oth-
er disorders of the upper gastrointestinal tract. In addition, the 2 reconstructive techniques 
used following gastrectomy yielded similar endoscopic and pathologic findings.
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 Implication for health policy/practice/research/medical education:
Minimally invasive surgery has evolved over the last three decades, and this continues today. total and partial gastrectomy is com-
monly used to treat gastric carcinoma or other benign or malignant conditions of the stomach. Laparoscopic assisted distal gas-
trectomy (LADG) is an alternative treatment approach for mucosal gastric cancer. This experimental laparoscopic surgery in ca-
nine model is clearly indicated for  surgical therapy in stomach cancers and morbidly obese patients /animals who fail to respond 
to dietary, behavioral, nutritional, and  medical therapies. The readers of this article are medical and veterinary surgeons and 
experimental pathologist.

2. Objectives
The aim of the present study is to compare the out-

comes of 2 reconstructive techniques—Roux-en-Y (R&Y) 
and Jejunal Loop Interposition (JLI)—after laparoscopic-
assisted distal gastrectomy and determine the gross 
pathologic and histological changes in the anastomotic 
area and the macroscopic and microscopic changes in 
the pancreas 1 and 3 months after the surgery.

3. Materials and Methods
Twelve adult healthy male-mixed breed dogs were used 

for this study. The study design was approved by the eth-
ics guidelines of the University Research Committee. 
The dogs were divided randomly into two groups of 6 
animals each. Food intake was restricted 12 h before the 
surgery. All the animals were injected with ketamine hy-
drochloride (10 mg/kg), acepromasine (0.02 mg/kg), and 
atropine (0.05 mg/kg) and maintained in dorsal recum-
bence. Cefazolin (20 mg/kg) was injected intravascularly 
as a prophylactic antibiotic. Anesthesia was inducted 
with thiopental sodium (10 mg/kg, intravenous) and 
maintained with halothane and 30% oxygen. Fluid losses 
were replaced with intravenous ringer lactate solution. 
Pneumoperitoneum was established using a Veress 
needle, and inter-peritoneal pressure was maintained 
at 14 mmHg. A 10-mm trocar was placed at the umbilical 
region and used as the camera port. A 0°, 10-mm laparo-
scopic telescope (Richard Wolf Co) was placed in the 10-
mm trocar, and exploratory laparoscopy was performed 
before the surgery. Next, two 5-mm trocars were placed 
in the one-third upper left and right midline of the abdo-
men.

In group A (R&Y), left gastroepiploic vessel and its 
branches were ligated and resected. Next, gastroepiploic 
ligament and right gastroepiploic vessels were resected 
precisely. Subsequently, the stomach was freed from all 
its attachments, and gastrectomy was performed. A 5-cm 
incision was made on the first laparoscopic trocar, and 
the stomach was removed from this mini-laparotomy 
incision. Anastomosis was then performed extracorpore-
ally by hand sewing. After gastrectomy, the duodenal end 
was closed using a 2-layer inverting suture pattern. Next, 
a loop of jejunum, 20-cm distal to the Treitz ligament, 

1. Background
Total and partial gastrectomy is commonly used to 

treat gastric carcinoma or other benign or malignant 
conditions of the stomach (1). Laparoscopic-assisted 
distal gastrectomy (LADG) is an alternative treatment 
approach for mucosal gastric cancer, and many inves-
tigators have assessed the safety, efficacy, and feasibil-
ity of this procedure (2). Several studies have shown 
that better clinical results were obtained and immune 
responses were preserved in laparoscopic surgeries 
than in laparotomies (3-6). The first successful gastrec-
tomy was performed in 1881 by Theodor Billroth for the 
treatment of gastric cancer, and the first laparoscopic-
assisted distal gastrectomy was performed in 1991 by 
Kitano for the treatment of early gastric cancer (7). In 
1950, Frank Lahey performed radical total gastrectomy 
to treat gastric cancer and described the pathologic 
features of the disease (8). One of the complications 
associated with gastrectomy is reflux esophagitis; it 
plays an important role in determining the postop-
erative quality of life of patients (9, 10). The patients 
developing reflux esophagitis experience chest pain, 
epigastralgia, heartburn, etc (11). In addition, esopha-
geal mucosal damage probably occurs because of the 
activity of bile acids and pancreatic enzymes (10-13). 
Another complication of gastrectomy and the main 
reason for postoperative morbidity and death is leak-
age (14-17). Anastomotic blood flow and collagen me-
tabolism are the factors that influence the outcomes 
of different techniques used for anastomosis (16, 17). 

Several studies have indicated that gastrectomy is 
an important risk factor for pancreatic cancer (18-20). 
Watanapa and Williamson have reported that partial 
gastrectomy can increase cholecystokinin (CCK) release, 
stimulate pancreatic growth, and induce carcinogenesis 
(10, 21). Many methods have been described to recon-
struct the digestive system after gastrectomy, but an 
ideal one is still controversial (9, 22, 23). Some studies 
have shown the Roux-en-Y gastrojejunostomy is the most 
effective technique to treat and prevent reflux gastritis 
(24). Moreover, several techniques such as hand-sewn 
sutures or stapler anastomosis are used for anastomosis 
after gastrectomy to reduce negative outcomes (25-27). 
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was identified and resected. End-to-side anastomosis was 
performed between the distal jejunal end and remaining 
part of the stomach. The proximal jejunal end was end-
to-side anastomosed to the rest of the jejunum. In group 
B (JLI), gastrectomy was performed in the same manner. 
The jejunal loop interposition was used to reconstruct 
the bowel. A 20-cm long jejunum was resected from a 
20 cm distance to the Treitz ligament. The proximal end 
of the jejunal loop was end-to-side anastomosed to the 
remaining part of the stomach, and the distal end was 
anastomosed to the proximal jejunum. Finally, jejunoje-
junostomy was performed between the 2 jejunal parts. 
The abdomen was lavaged and closed in a routine man-
ner. Food intake was allowed 2 days after the surgery. On 
a third postoperative day, the animals were fed a small 
volume of soft blended food. The body temperature, 
heart rate, and respiratory rate of all the animals were 
monitored daily during the study period. 

Esophagoscopy and gastroscopic evaluation was per-
formed on day 28 after the surgery by using a flexible en-
doscope (Vetvu-Swiss) to determine the morphology of 
the interposed segment, status of the enterogastric bili-
ary reflux (EBR), and presence of esophagitis reflux (ER). 
Three animals each from groups A and B were authanized 
30 days after the surgery, and the others were authanized 
90 days after the operation by using magnesium sulfate. 
The abdomen was opened, gross abnormalities were 
recorded, and a ligation suture was placed in the distal 
parts of the esophagus and jejunum after the jejunojeju-
nal anastomosis (Figures 1 and 2). The esophagus; the re-
maining part of the stomach, duodenum, and jejunum, 
including all the anastomotic sites; and pieces of the 
liver, pancreas, spleen, and regional lymph nodes were 
excised, washed, and placed in 10% formalin. After fixa-
tion, the organs were cut at 3-mm intervals along their 
length, embedded in paraffin, five micron thick paraffin 
sections were cut from paraffin blocks and stained with 
hematoxylin  and eosin method.

4. Results
No complications occurred during the surgeries and 

recovery from anesthesia. There was no evidence of 
wound infection or dehiscence in the animals. Body 
temperature, heart rate, and respiratory rate were in 
the normal range during the study. All animals were 
able to resume oral intake of food at the third postop-
erative day, although the food intake was lesser than 
that during preoperative days. One animal from group 
A and two animals from group B experienced nausea, 
regurgitation, diarrhea, and weakness that were man-
aged by conservative therapy. Esophagoscopy and 
gastroscopy performed 28 days after the operation 
revealed normal gastrodeudenal and duodenojejunal 
anastomotic junctions. There was no report of EBR in 
the esophagus or alkaline gastritis (Figure 3). A 2-cm by 
2-cm ulcer was observed in the remaining part of the 
stomach close to the gastrojejunal anastomotic site in 

Figure 1. Macroscopic Features of the R&Y Group 1 Month After Surgery

Figure 2. Macroscopic Features of the JLI Group 1 Month after Surgery

Figure 3. No Evidence of Reflux Esophagitis Under Esophagoscopy View

Arrows show the locations of jejonal loop anastomosis
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the group one and three months after the surgery: be-
tween the left quadrate lobe of the liver and epicolon 
and mesenteric adhesion to the anastomotic region 
in group B and duodenal adhesion to the left lateral 
lobe of the liver and liver adhesion to the duodenal 
pouch in group A. The morphological appearance of 
the esophagus, liver, gall bladder, urinary bladder, and 
lymph nodes were normal. In most of the animals, 
the gastrointestinal tract was devoid of food and con-
tained mucosal cells and bile salts; there was no ob-
struction in the biliary tract of any animal. In one ani-
mal from group A, a 2 × 2 cm ulcerated polyp was noted 
in the remaining part of the stomach one month after 
the surgery; some petechiae were found on the gastric 
wall. Macroscopic evaluation of the anastomotic re-
gions showed normal healing with no evidence of ab-
scess or inflammatory changes, necrosis, hemorrhage, 
stenosis or obstruction, fistula, and leakage. 

Microscopic examination of the pancreatic sections 
from all animals revealed normal appearance of the 
gland structure, Langerhans islets, and ductal systems, 
without any inflammatory reaction. However, in most 
of the cases, there was a decrease in the number of zy-
mogen granules (Figure 5). The junction of esophagus to 
stomach in all the animals had normal appearance, and 
there were no inflammatory, degenerative, proliferative, 
hypoplastic, necrotic, hemorrhagic, edemic, and ulcer-

Figure 5. Microscopic View of the Pancreatic Sections

Figure 4. A 2-cm by 2-cm Ulcer in the Remaining Part of the Stomach

Figure 6. Gastrojejunal Anastomotic Site with Cystic Dilatation of the 
Jejunal Crypts

1 animal of group A (Figure 4). Macroscopic pathologic 
evaluation revealed normal healing of the incisional 
scars, without any inflammation, abscess, adhesion, 
or other acute or chronic inflammatory reactions. The 
abdominal organ topographies were normal, and no 
peritonitis signs were evident. Some minor adhesions 
were noted between the abdominal organs in both 
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ative changes. There were no pathologic abnormalities 
in the sections obtained from the esophagogastric junc-
tion. At three months after the operation, some changes 
at the anastomotic sites were noted; these included in-
crease in the number of mucus-producing cells, creation 
of fibrotic connective tissue involving many vessels, 
and no acute inflammatory lesions. In one animal from 
group B, sub-acute gastritis with ulcer was noted in the 
remaining part of the stomach. At one month after the 
operation, the following changes were noted: increase in 
the number of lymphoidal cells in the mucosal lamina 
propria; increase in the number and size of lymphoid fol-
licles in the remaining part of the stomach; no ulcerative 
lesions in most of the cases; increase in the number of 
goblet cells; mucosal necrosis and ulceration with neu-
trophil infiltration in 1 animal from group A. Suture ma-
terial being absorbed and surrounded with lymphocyte, 
macrophages and giant cells.

The healing was good at the gastrojejunal anastomotic 
sites in all the animals. The thickness of the stomach next 
to the anastomotic site was reduced, and cystic dilata-
tion of the jejunal crypts was noted (Figure 6). In one ani-
mal from group A, a large ulcer with necrotic cells, fibrin-
ous inflammatory exudate, hemorrhage, and bacterial 
colonies were noted at the anastomotic site at 1 month 
after the surgery. Histologic evaluation revealed normal 
appearance of other organs such as the jejunum, duode-
num, ileum, colon, liver, spleen, gall bladder, and lungs. 

5. Discussion
LADG is a minimally invasive surgery that affords faster 

recovery of gastrointestinal functions and lesser pain 
than that afforded with conventional open gastrecto-
my (28). In this study, there were no complications and 
mortality noted 1 and 3 months after the surgery. Gross 
pathologic examination showed no food in the intestine. 
Some animals developed diarrhea and showed increased 
intestinal motility. However, some investigators believe 
that resection of the gastrointestinal tract can impair 
the normal motility of the intestine by damaging the 
gastrointestinal tract pacemakers (29). The esophagus is 
the most sensitive to the gastric juice of the gastrointes-
tinal tract (30). Nehra et al. showed that the concentra-
tion of intra-esophageal bile acids influence the degree 
of esophageal mucosal injury (31), whereas Gotley et al. 
showed that bile acids and trypsin were not important 
in the pathogenesis of reflux esophagitis (32). Cross and 
Wangensteen reported that bile was directly diverted 
from the duodenum into the esophagus in cats and 
dogs; this caused severe esophageal mucosal lesions in 
the absence of gastric acid (33). Some investigators be-
lieve that this complication can be avoided by altering 
the reconstruction method; however, the optimal recon-
struction method still remains controversial (9, 22, 23). 
No changes in the esophagus were noted in the animals 
after reconstruction with R&Y and JLI, as revealed by 
endoscopic, gross pathologic, and microscopic histo-

logic evaluations. However, two animals (one from each 
group) developed ulcerative gastritis in the remaining 
part of stomach. This could be because of billiary reflux 
in the stomach and induced reflux gastritis since endo-
scopic evaluation revealed the presence of bile juice in 
the stomach. Tonelli et al. reported endoscopic and his-
tological esophagitis in four of six patients (66%) who 
had undergone total gastrectomy: in one of the three 
(33%) patients who had undergone reconstruction with 
JPI and in all three (100%) patients who had undergone 
reconstruction with R&Y (34). 

Several studies have reported an increased incidence of 
pancreatic cancer in patients undergoing gastric resec-
tion (18-20). Significant exocrine pancreatic trophism 
has been reported after partial or total gastrectomy in 
rats (19). Buchler reported vagotomy-induced pancreatic 
hyperplasia, enzyme dissociation, and decreased basal 
amylase discharge in vitro (35). These studies reported 
the presence of abundant cytoplasmic zymogen gran-
ules in the gastrectomized patients. On the other hand, 
we found reduced number of zymogen granules in the 
pancreas; this could be because the animals were re-
stricted from over feeding in our study. During total gas-
trectomy, most gastropancreatic nerves are destroyed; 
this can cause denervation of the pancreas. The mecha-
nism underlying gastrectomy-induced development of 
pancreatic cancer is unclear; increased concentrations 
of CCK after gastrectomy might mediate pancreatic car-
cinogenesis (19).

Histological evaluation revealed good healing of the 
anastomotic regions in all animals, but some animals 
showed chronic inflammatory response. This could be 
because of the bacterial flora and its infiltration to the 
jejunum which had been trapped between the tissues 
and sutures at the jejonal anastomotic sites. There were 
no significant differences between the two groups with 
regard to macroscopic and histological findings. In con-
clusion, upper gastrointestinal endoscopy is a useful 
and feasible technique to detect esophageal gastritis, 
anatomical structure, obstruction, or stenosis; and other 
disorders of the upper gastrointestinal tract. The two re-
constructive techniques— R&Y and JLI—yielded similar 
endoscopic and pathologic findings. 
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