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Abstract: Background: Weight loss after laparoscopic sleeve gastrectomy (LSG) is usually attributed to the volume 

restrictive effect of the procedure in addition to specific hormonal changes. Objective: The present study aimed to investigate 

the changes in plasma ghrelin levels, the number of ghrelin producing cells and histopathological changes in the remaining 

pouch after LSG. Methods: The present study included 27 patients with morbid obesity. The plasma ghrelin levels were 

measured before and six months after LSG and the change in their levels was assessed in relation to body mass index (BMI) 

after LSG. Immunohistochemical staining of cellular ghrelin was used to evaluate the number and distribution of ghrelin 

producing cells in the resected specimen and the mucosal changes in the remaining gastric pouch after LSG were assessed at 6 

months postoperatively. Results: The mean age of patients was 33.9± 21.9 years. At six months after LSG, BMI decreased 

from 52.6± 12.8 to 40.8± 7.2 Kg/m
2
 (p= 0.0001). The plasma ghrelin level decreased significantly from 564.1± 15 to 434.7± 

22.6 at six months after LSG. There was strong positive correlation between BMI after LSG and plasma ghrelin level (R= 

0.906, p= <0.0001). A significant improvement in the inflammatory parameters was noticed by histopathologic examination. 

The mean ghrelin positive cell per specimen decreased significantly from 25.37± 3.5 to 13.7 ± 2.12. Conclusion: There was 

good positive correlation between weight loss and lowering of plasma ghrelin level, also complete removal of the fundus was 

associated with more weight loss. 
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1. Introduction 

Obesity is a pan-endemic health problem in both 

developed and developing countries that can be associated 

with a high incidence of complications and decrease in life 

expectancy, especially among younger adults. Obesity is 

classified into classes according to the body mass index 

(BMI) with morbid obesity defined as BMI ≥ 40 kg/m
2
 or a 

BMI ≥ 35 kg/m
2
 in patients with at least one associated 

comorbidity [1]. 

While conservative measures may succeed in treatment of 

obesity in some patients, bariatric surgery remains a viable 

option for the treatment of morbid obesity, resulting long-

lasting weight loss, improved quality of life, and resolution 

of obesity- related comorbidities [2]. With the application of 

laparoscopy to bariatric surgery a major expansion in the 

number of laparoscopic bariatric procedures has been noted 

worldwide [3]. 

Laparoscopic sleeve gastrectomy (LSG) is one of the most 

popular bariatric procedures performed for morbid obesity 
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[4]. The mechanism of weight loss after sleeve gastrectomy 

is attributed to a combination of volume restriction, creation 

of a high pressure system, and the induction of a favorable 

hormonal change [5].  

A decline in appetite after LSG has been observed, 

presumably due, in part, to ghrelin cell removal. Ghrelin is an 

orexigenic hormone produced primarily by cells in the 

oxyntic glands of the stomach mainly in the gastric fundus as 

it has been demonstrated that the expression of Ghrelin 

mRNA expression in the fundus is three fold higher than in 

the pre-pyloric area and the same pattern was also seen in 

ghrelin cell distribution [6]. 

Ghrelin hormone plays a physiologic role in the regulation 

of food intake as its plasma levels rise during food 

deprivation and decline after food ingestion [7]. In addition, 

Ghrelin is involved in many biological processes ranging 

from appetite regulation and growth hormone release to gut 

motility [8]. The changes in plasma ghrelin levels after 

different bariatric procedures vary according to the 

procedure. While plasma ghrelin levels tend to decrease after 

gastric bypass and after LSG, they tend to rise after gastric 

banding in a way similar to dieting [9].  

The present study aimed to evaluate the changes in plasma 

ghrelin hormone at six months after LSG, correlating these 

changes with weight loss. The study also aimed to investigate 

the distribution of ghrelin producing cells in different regions 

of the stomach and the change in their number after LSG and 

to evaluate the histopathological changes after sleeve 

gastrectomy since the evaluation of these changes can 

improve the understanding of the local mechanism and the 

outcome of LSG as Vrabie et al. implied [10].  

2. Patients and Methods 

This is a prospective cohort study on patients with morbid 

obesity who underwent LSG in the General Surgery 

Department of Mansoura University Hospitals in the period 

of May 2015 to May 2017. Ethical approval of the study was 

obtained from the Institutional Review Board (IRB) of 

Mansoura Faculty of Medicine. 

All patients with morbid obesity with BMI >40 kg/m
2
 or 

BMI >35 kg/m
2
 with at least one obesity-related comorbidity 

who failed conservative treatments were included to the 

study. 

We excluded patients who underwent previous bariatric 

surgery, patients unfit for anesthesia as patients, patients with 

gastric pathologies as peptic ulcer or neoplasm, patients with 

secondary obesity due to endocrine disorders, patients with 

psychological problems or patients unwilling to comply with 

postoperative diet regimen.  

Patients were asked about the onset and duration of obesity 

and any obesity-related comorbidities such as diabetes 

mellitus, hypertension, sleep apnea, and joint pain. Patients 

were also asked about previous treatments for morbid obesity 

including diet regimens, weight loss medications, exercise 

programs, interventional therapies as intragastric ballon, and 

any previous surgical procedures for morbid obesity or other 

abdominal conditions. Detailed dietary history was taken 

from all patients with regards to type and frequency of meals, 

eating snacks in between meals, drinking of water or 

beverages, level of appetite, and feeling of satiety after each 

meal. 

General examination was conducted to all patients. 

Patients’ weight and height were recorded and BMI was then 

calculated using the following equation: BMI= Weight in 

kilograms/ (Height in meters)
2
. Abdominal examination was 

performed to exclude presence of any abdominal masses, 

ascites, and ventral or groin hernias. 

Routine preoperative laboratory investigations including 

complete blood count, liver and kidney functions tests, 

prothrombin time, and random blood glucose were done to 

confirm anesthetic fitness. Endocrine and metabolic panels 

including serum lipid profile, thyroid function tests, and 

fasting and postprandial blood sugar levels were done to 

exclude secondary causes of obesity. Plasma ghrelin levels 

were measured in all patients within 48 hours before the 

procedure. 

Abdominal ultrasonography was performed in all patients 

to exclude any associated abdominal pathologies. The cardiac 

function was evaluated by electrocardiography and 

echocardiography in select patients and pulmonary function 

tests were done to assess respiratory functions and chest 

condition. 

Informed consent for the study was taken from all patients. 

Liquid diet was prescribed for 24 hours before the procedure 

with fasting for at least six hours before the onset of 

anesthesia. 

Preoperative measures against thromboembolism were 

taken in the form of: wearing elastic stocking 24 hours before 

the operation, subcutaneous administration of low molecular 

weight heparin (Enoxaprin, 40 IU) at the night of surgery. 

Prophylactic antibiotics (cefotaxime 1 gm) were administered 

intravenously on induction of anesthesia.  

All procedures were done under general anesthesia with 

end tracheal intubation. Patients were placed in the supine 

position being appropriately secured to the operating table 

with padding of all pressure points. The operating surgeon 

stood between the legs of the patient and the two assistants 

stood on each side of the patient.  

After scrubbing of the abdomen with povidone iodine, 

peumoperitoneum (15-17 mmHg) was established by 

insertion of veress needle above the umbilicus and 

insufflation of CO2. Trocars were inserted under direct vision 

as follows: a 5-mm trocar is inserted in the subxiphoid area 

for the liver retractor, another 5-mm trocar is placed in the 

left upper quadrant at the anterior axillary line just below the 

12
th

 rib for the assistant, additional 12-mm trocars were 

placed in the right upper quadrant, epigastrium, left upper 

quadrant, and right paramedian regions for inserting staplers. 

Upon identification of the pylorus by visualizing the 

prepyloric vein of Mayo, the greater curvature of the stomach 

was devascularized using an advanced vessel-sealing device 

(Harmonic scalpel
TM

 or Ligasure
TM

) starting at 6 cm away 

from the pylorus. Devascularization continued proximally 
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onto the fundus until the left crus of the diaphragmatic hiatus 

was clearly identified. All the short gastric vessels were 

divided along the way. After devascularizaion was 

completed, the hiatus was assessed for hernias and if large 

hiatal hernia was encountered, it was repaired using standard 

laparoscopic techniques. 

A 36 French bougie was then inserted transorally by the 

anesthesiologist, advanced under direct vision to the pylorus, 

and then positioned against the lesser curvature. The gastric 

transection was then performed using sequential applications 

of 60-mm linear staplers beginning at 6 cm proximal to the 

pylorus. As the gastric transection proceeds, the height of the 

staples may need to be adjusted according to the thickness of 

the tissue. We used green stapler at pylorus, then gold 

staplers at middle of stomach, then blue staplers at fundus.  

After the stomach was transected, an intraoperative leak 

test was performed by injection of methylene blue in the 

gastric sleeve. The resected portion of the stomach was 

extracted through the right upper quadrant trocar then the 

trocar sites were closed and an intra-abdominal drain was 

inserted. 

Patients were monitored in the regular ward with regards 

vital signs, output of abdominal drain, and postoperative 

complications. Intravenous fluids were administered for 24 

hours postoperatively and one gram of cefotaxime was 

administered intravenously every 12 hours. Analgesia was 

achieved using non-steroidal anti-inflammatory drugs 

(NSAIDs) or Nalufin amp. A second dose of low molecular 

weight heparin was given subcutaneously 8 hours after the 

operation then was repeated every 24 hours. Early 

ambulation was advised in all patients. Resumption of oral 

feeding was scheduled in every patient. Once assured to be 

stable, started oral fluids, with no complaints, patients were 

discharged home within 48 hours of the procedure.  

The sleeve gastrectomy specimens were fixed in 4% 

formaldehyde and embedded in paraffin, and 4 mm thick 

sections from each specimen were stained with hematoxylin 

and eosin for histopathological examination. The biopsy 

specimens were examined in a blind manner by a pathologist 

to indicate: 

 1- Presence of lymphoid follicles (Scored 0: absent, 1: 

mild, 2: moderate, 3: Marked). 2- Interstitial inflammation 

(Scored 0: absent, 1: mild, 2: moderate, 3: Marked).  

Ghrelin immunoreactivity was determined on sections 

after microwave pretreatment (10 min in 0.01 M citric acid 

solution) and overnight incubation at 4°C with human 

polyclonal antibody (Chongqing biopsies Co., Ltd., 

Chongqing, China) diluted 1:100. Diaminobenzidine–

hydrogen peroxide was used as chromogen, and the sections 

were counterstained with diluted hematoxylin. 

Ghrelin positive cells were counted in three (hot spots) in 

areas containing mucosa in full thickness. The total number 

was divided by 3 to obtain mean Ghrelin positive cell per 

specimen.  

Patients were asked to visit the outpatient clinic at one and 

two weeks after sleeve gastrectomy for assessment of general 

condition, wound status, and for removal of stitches, then 

every month for six months. 

At Six months after the procedure, body weight was 

recorded and the amount and percentage of weight loss was 

calculated and compared with the preoperative value. BMI 

was calculated to estimate the reduction in BMI after surgery. 

A blood sample was withdrawn and plasma ghrelin levels 

were measured and compared to the preoperative value. In 

addition, all patients underwent gastroscopy to evaluate the 

condition of mucosa of the remaining pouch and take three 

tissue samples from the remaining part of the stomach.  

Tissue samples were examined pathologically with the 

same techniques described earlier to assess postoperative 

changes in ghrelin gene expression, mucosal cells 

distribution and to demonstrate any histopathological 

changes. 

Data were analyzed using SPSS program version 23 (IBM 

corp., Bristol, UK). Continuous variables were expressed as 

mean and standard deviation (SD) or median and normal 

range. Categorical variables were expressed as number and 

percentages. Student t-test was used for processing of 

quantitative data whereas Fisher's exact test was used for 

processing of qualitative data. The correlation between BMI 

and plasma ghrelin levels was measured using Pearson 

correlation test. P value less than 0.05 was considered 

significant.  

3. Results 

The present study included 27 patients with morbid obesity 

who underwent LSG. Patients were all females except one 

male. The mean age of patients was 33.9± 21.9 years, 

ranging from 21 to 63 years.  

Twenty-four patients had obesity-related comorbidities: 

nine patients had type II DM, five had arterial hypertension, 

ten had dyslipidemia, and four had joint pain. In addition, 12 

patients had fatty liver and two had gall bladder stones in 

abdominal ultrasonography. 

The mean preoperative body weight was 137± 3.5 (range, 

108- 164) Kg. The mean preoperative height of patients was 

162.4 ± 21.2 (range, 148- 183) cm. The mean preoperative 

BMI was 52.6± 12.8 (range, 38.8- 66.6) Kg/m
2
. 

The mean operating time was 104.2± 14.1 (range, 80-135) 

minutes. The mean hospital stay was 2.3± 0.4 (range, 2-4) 

days. There was no conversion to open surgery in any 

patient. Intraperitoneal drains were placed in 21 (77.7%) 

patients.  

No major complications or mortality were recorded. Minor 

complications were recorded in 12 patients, wound infection 

in 3 patients, chest infection in 5 patients, and vomiting in 4 

patients. Simultaneous cholecystectomy was conducted with 

LSG in two patients. 

At six months postoperatively, significant weight loss was 

noted as the mean preoperative body weight dropped from 

137± 3.5 to 107± 2.12 Kg (p< 0.0001). The preoperative 

BMI decreased from 52.6± 12.8 to 40.8± 7.2 Kg/m
2
 (p= 

0.0001). The mean percentage of excess weight loss was 

41.7± 11.1 (range, 29.3- 64.4) (table 1). 



 Journal of Surgery 2018; 6(2): 36-42 39 

 

Table 1. Weight loss after sleeve gastrectomy. 

Variable Preoperative Postoperative P value 

Body weight 137± 3.5 107± 2.12 < 0.0001 

BMI 52.6± 12.8 40.8± 7.2 <0.0001 

%EWL ------- 41.7± 11.1 ------ 

Improvement in obesity associated comorbidities was 

observed in 6 (66.7%) of nine diabetic patients, three (60%) 

of five patients with hypertension, and one (25%) of four 

patients with joint pain (table 2). 

Table 2. Improvement in co-morbidities loss after sleeve gastrectomy. 

Variable Preoperative (%) Postoperative (%) P value 

D. M 9 (33.3) 3 (11.1) 0.1 

Hypertension 5 (18.5) 2 (7.4) 0.42 

Joint pain 4 (14.8) 3 (11.1) 1 

The plasma ghrelin level decreased significantly from 

564.1 ± 15 to 434.7 ± 22.6 at six months after LSG (p< 

0.0001). There was weak positive correlation between 

preoperative BMI and plasma ghrelin level (R= 0.089, p= 

0.65). On the other hand, there was strong positive 

correlation between BMI after LSG and plasma ghrelin level 

(R= 0.906, p= <0.0001). A moderate negative correlation 

between%EWL and postoperative plasma ghrelin level was 

observed (R= -0.652, p= 0.0002) (figure 1). 

 

Figure 1. Correlation between excess weight loss and ghrelin level at 6 

months after LSG. 

Histopathological examination of the postoperative 

specimen and random endoscopic biopsies from the 

remaining gastric pouch revealed the following (table 3): 

1. Superficial gastritis was detected in six patients (4 

moderate and 2 mild) and superficial congestion in two 

patients. 

2. Regarding the presence of lymphoid follicles, the 

number of patients with grade 0 increased from 15 to 22, the 

number of patients with grade I decreased from 9 to 5, and 

the number of patients with grade II decreased from 3 to 0 

(p= 0.059) (figure 2). 

 

Figure 2. Gastric mucosa with lymphoid follicle (arrow) (H&E stain, 100x).  

3. Regarding the presence of interstitial inflammation, the 

number of patients with grade 0 increased from 12 to 20, the 

number of patients with grade I decreased from 12 to 7, and 

the number of patients with grade II decreased from 3 to 0 

(p= 0.03) (figure 3). 

 

Figure 3. Gastric mucosa with interstitial inflammatory reaction (arrows) 

(H&E stain, 100x).  

4. The mean ghrelin positive cell per specimen decreased 

from 25.37± 3.5 to 13.7 ± 2.12 (p< 0.0001). 

5. The mean number of ghrelin producing cells in the 

fundus of the resected specimen was significantly higher than 

the body and the antrum as shown in table 4 and figure 4. 

Table 3. Histopathological changes in the surgical specimen and remaining pouch after sleeve gastrectomy. 

Variable Surgical specimen Remaining gastric pouch P value 

Lymphoid follicle 

Grade 0 15 (55.5) 22 (81.4) 

0.59 Grade 1 9 (33.3) 5 (18.5) 

Grade 2 3 (11.1) 0 

Interstitial inflammation Grade 0 12 (44.4) 20 (74.07) 0.03 
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Variable Surgical specimen Remaining gastric pouch P value 

Grade 1 12 (44.4) 7 (25.9) 

Grade 2 3 (11.1) 0 

Table 4. Immunohistochemical distribution of ghrelin producing cells in the regions of the resected specimen. 

Variable The fundus The body P value The antrum P value 

Ghrelin producing cells (mean± SD) 15 ± 3.7 7.1± 3.1 <0.0001 3.3± 1.8 <0.0001 

 

 

Figure 4. Gastric mucosa with positive reaction to Ghrelin 

immunohistochemistry (Brown staining, arrows) (Ghrelin 

immunohistochemical staining, 400x).  

4. Discussion 

Twenty-seven patients with morbid obesity were admitted 

and underwent LSG in this prospective observational study. 

Almost all patients were females reflecting the female 

predominance of obesity as documented in the literature. The 

majority of patients were of middle age in concordance with 

the average age of patients undergoing bariatric surgery for 

morbid obesity [4].  

Significant weight loss at 6 months after LSG was 

recorded with a significant decline in the preoperative BMI. 

The average percentage of excess weight loss was around 

40%. Improvement in associated co-morbidities was 

observed yet was not statistically significant, perhaps due to 

the short duration of follow-up. 

We studied plasma ghrelin levels before and after LSG, 

correlating the changes in these levels with weight loss after 

the procedure. A significant decrease in plasma ghrelin levels 

at 6 months after LSG was recorded which was associated 

with significant weight loss as demonstrated by decline in 

BMI. In concordance, other researchers found total plasma 

ghrelin levels decrease significantly at 3 months after LSG, 

with simultaneous significant weight loss [11].  

Plasma ghrelin levels have been shown to decrease after 

sleeve gastrectomy and its low levels can be maintained up to 

five years after surgery [12, 13]. Since ghrelin is mainly 

produced by oxyntic cells in the stomach in addition to other 

parts of the gastrointestinal tract, it is logical that plasma 

ghrelin levels decline after resecting around 75% of the 

stomach volume in LSG [14].  

We identified a weak correlation between plasma ghrelin 

levels and BMI before surgery, nevertheless this positive 

correlation became stronger at 6 months after LSG and this 

correlation was statistically significant. Similarly, the 

percentage of excess weight loss at 6 months had moderately 

strong negative correlation with plasma ghrelin implying that 

the drop in plasma ghrelin levels was associated with higher 

percentage of weight loss. In discordance, Goitein et al. [11] 

found no distinct correlation between plasma ghrelin levels 

and weight loss which they explained that plasma ghrelin is 

only one of multiple factors contributing to the success of 

LSG and that weight loss per se is not responsible for ghrelin 

level change [15]. 

The significant strong correlation we observed between 

plasma ghrelin and BMI after surgery can be attributed to 

different patient characteristics compared to the study of 

Goitein et al. [11] where the BMI of our patients was 

obviously higher than their study. In addition, we made the 

correlation at six months after LSG, whereas the other 

investigators made the same correlation at shorter period of 

follow-up (three months postoperatively). 

Ghrelin hormone has been recognized to contribute to the 

incidence of morbid obesity through different mechanisms. 

Ghrelin is one of the orexigenic peptide transmitters know to 

stimulate appetite and induce a positive energy balance 

leading to weight gain. It is implicated in regulating mealtime 

hunger and meal initiation. Since ghrelin hormone is 

considered a signal of starvation, it can induce sustained 

adiposity as long as its levels are elevated [16].  

Histopathological examination of the resected part of the 

stomach after LSG revealed abnormal pathologic changes in 

55.5% of patients in the present study. This implies that 

around 45% of patients had normal histopathology of the 

stomach preoperatively which is lower than other studies [17-

19] that reported normal histopathology in 50-54% of 

patients. However, similar to our findings other investigators 

reported normal histopathology of the stomach in 35.2 and 

46.3% of patients [20, 21]. 

Abnormal histopathological findings in the present study 

involved chronic gastritis, either active or inactive which is in 

line with Safaan et al. [17] who reported chronic gastritis to 

be the most common abnormal histopathological findings in 

the resected part of the stomach after LSG. Nonetheless, the 

study by Safaan and colleagues [17] documented other 

important pathological findings as intestinal metaplasia, 

GIST, leiomyoma, lipoma, and pancreatic heterotropia, 

however, these abnormal findings were found in a very low 

incidence of patients. In fact, the incidence of GIST ranged 

between 0.2 and 1% and the incidence of intestinal 
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metaplasia ranged between 0.2 and 1.4% across several 

studies [17-23]. 

No incidental gastric malignancy in the postoperative 

specimen was detected in our study, in concordance with 

largest study [17] of histopathological diagnoses in LSG 

patients. The observation of lack of malignancies further 

raises the question of any added value of routine 

histopathological examination of the resected part of the 

stomach after LSG as AbdullGaffar et al. [18] implied. In 

light of financial restrictions that warrants evidence-based 

decision-making based on the cost-effectiveness concept, 

routine histopathological examination of surgical specimens 

has been previously questioned [24, 25].  

We used two markers to measure inflammatory activity in 

gastric specimen after LSG and in the remaining pouch on 

follow-up. Presence of lymphoid follicles and interstitial 

inflammation were graded from 0 to 3 according to their 

severity. Presence of lymphoid follicles was observed in 

around 45% of patients in the resected specimen and in less 

than 20% of patients in the remaining gastric pouch in 

agreement with Onzi et al. [26]. who also reported decrease 

in inflammatory activity from 33% to less than 10% of 

patients in the remaining pouch after LSG  

Similarly, 55.5% of patients showed evidence of interstitial 

inflammation of varying degree in the postoperative 

specimen which decreased significantly to around 25% in the 

remaining pouch at 6 months of follow-up. The improvement 

of the inflammatory parameters may be due to less exposure 

of patients to aggressive dietary factors owing to the 

restrictive effect of LSG as Onzi and coworkers [26] stated.  

Additionally, a relation between chronic gastritis and 

Helicobacter pylori infection has been described in 

approximately 75% of asymptomatic patients, indicating that 

these bacteria could be an initiating factor of the process of 

gastritis [27]. Onzi et al. [26] verified the relation between 

Helicobacter pylori and chronic gastritis in obese patients 

because all patients with chronic gastritis in their study also 

had Helicobacter pylori according to positive urease test. 

Since we did not examine for the presence of Helicobacter 

pylori infection in the patients studied, we cannot conclude 

similar findings. 

The number of ghrelin positive cells showed a significant 

decrease in the remaining pouch after LSG. This marked 

decrease can be explained that ghrelin positive cells are 

mainly located in the gastric fundus, which is removed in 

LSG, and tend to decrease in number towards the antrum. 

This decrease of ghrelin cell count along the stomach is 

consistent with similar findings demonstrating higher levels 

of expression in endoscopically obtained samples from the 

fundus and antrum of healthy individuals [28]. 

Regarding the prevalence of ghrelin-secreting cells 

detected by immunohistochemical staining, the number of 

ghrelin positive cells in the gastric fundus was significantly 

higher than the antrum. In contrast, Goitein et al. [11] found 

the difference in ghrelin cell count between fundus, body, and 

antrum of the stomach to be statistically insignificant, 

perhaps due to the small sample size included in their study. 

The presence of ghrelin-secreting cells in the antrum, 

though small in number, is of special interest. The removal of 

antrum was correlated with sustained weight loss on the long 

term, perhaps due to removal of additional ghrelin-producing 

cells in the antrum. Leaving intact antrum may lead to weight 

regain partly due to preservation of ghrelin producing cells in 

the antrum and partly due to sleeve dilatation which 

minimizes the restrictive effect of LSG. On the other hand, 

preservation of the pumping mechanism of the antrum may 

serve to facilitate gastric empting [29, 30]. 

The significant decrease in ghrelin producing cells after 

LSG was paralleled by a similar decrease in plasma ghrelin 

level and significant weight loss at 6 months postoperatively. 

Weight regain in some patients after LSG was linked to the 

formation of neo-fundus as demonstrated in follow-up 

contrast studies [31]. Neo-fundus is formed by stretching and 

enlargement of the upper part of the remaining gastric sleeve 

and is associated with slow increase in plasma ghrelin level, 

though it remains lower than the preoperative levels [32]. 

Limitations of the current study include the small number 

of patients included and short follow-up. Furthermore, the 

presence of Helicobacter pylori in the resected specimen and 

the remaining gastric pouch was not investigated which may 

have a relation with the improvement in inflammatory 

activity postoperatively.  

5. Conclusion  

There was good positive correlation between weight loss and 

lowering of plasma ghrelin level, also complete removal of the 

fundus was associated with more weight loss. Similarly, a 

significant decrease in the number of ghrelin-producing cells 

was noted after LSG with evidence of higher number of ghrelin 

positive cells in the gastric fundus compared to the body and 

pre-antral regions. Improvement in inflammatory parameters as 

demonstrated by resolution of lymphoid follicles and interstitial 

inflammation was also observed. 
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