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ABSTRACT 

Background: Vertical gastrectomy or gastric sleeve has gained popularity among surgeons, due to its lower 

technical complexity and good results. However, there are conflicting results regarding the gastroesophageal 

reflux (GERD) after the sleeve. Several studies suggest an increase in the severity of reflux symptoms and 

"de novo" or a new appearance after surgery, among other reasons, due to a decrease in gastric emptying, an 

increase in intragastric pressure, a decrease in residual stomach distensibility and a weakening of the lower 

esophageal sphincter (IAS). On the other side, the hiatal hernia (HH) is closely related to the presence of 

GERD. 

Objective: To analyze the symptoms of GERD and use of anti-reflux medications in morbidly obese patients 

undergoing concomitant crural closure with laparoscopic sleeve gastrectomy for morbid obesity. 

Patients and methods: This prospective study was done in the surgery department, at Al-Azhar university 

hospitals in the period between October 2019 and October 2021. Thirty morbidly obese patients were 

included in this study. All patients were operated upon for laparoscopic sleeve gastrectomy, in patients with 

wide hiatal opening, simultaneous crural closure was done. Follow up of all patients for at least 6 months 

postoperative including history and endoscopy. 

Results: There were highly statistically significant reduction BMI (kg/m2) and weight (kg) in 6 months and 

12 months compared to preoperative. There was statistically significant improved in hyperlipidemia in 

postoperative compared to preoperative with p-value (p<0.05), while it was improved in type 2 diabetes 

mellitus and hypertension but insignificant, with p-value (p>0.05). There was statistically significant 

decrease GERD in postoperative compared to preoperative, with p-value (p<0.05 S).  

     Regarding complications, intraoperative tear of the splenic capsule occurred with bleeding. This was 

controlled laparoscopically with argon laser. Regarding complications directly related to sleeve 

gasterectomy, there was no leaks, no strictures, no gastrointestinal bleeding, and no perioperative deaths. 

There were no conversions to an open procedure. 

Conclusion: Sleeve gastrectomy with concomitant crural repair and stitching of the crura of diaphragm is 

considered a feasible and safe technique providing good results in management of GERD symptoms for 

obese patients with reflux symptoms and hiatus hernia. 

Keywords: Laparoscopic Sleeve Gastrectomy, Crural Closure Incidentally Discovered Wide Hiatus, 

Morbidly Obese. 
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INTRODUCTION 

     Obesity is a global health problem that 

requires a multidisciplinary treatment 

including specialists in mental health, 

medicine and surgery. It leads to a 

significant increase in morbidity and 

mortality and consequently reducing 

quality of life. It is estimated with body 

mass index (BMI) and obesity among 

adults is defined as BMI ≥ 30 (Avena and 

and Wang, 2011). 

     Obesity is associated with multiple 

comorbidities including diabetes mellitus, 

hypertension, obstructive sleep apnoea 

and gastro- oesophageal reflux disease 

(GERD). Hiatal hernia (HH) and GERD 

are closely related. Obesity is known to be 

an independent risk factor for the 

development of both GERD and HH 

(Soricelli et al., 2010). 

     HH is present in about 37%–50% of 

morbidly obese patients undergoing 

bariatric surgery (He et al., 2013). While 

50% – 70% of the patients undergoing this 

surgery have symptomatic reflux (Frigg et 

al., 2010). 

     In adults with morbid obesity, bariatric 

surgery produces greater weight loss and 

weight loss maintenance than that 

produced by standard care or conventional 

medical treatment. The surgical treatment 

of obesity and metabolic disorders require 

a multidisciplinary approach with a team 

that includes surgeons, physicians, 

psychiatrists, dieticians, counselors, and 

others, as needed (Padwal et al., 2011). 

     Laparoscopic anti-reflux surgery 

(especially laparoscopic Nissan 

fundoplication) with hiatal hernia repair 

(HHR) is generally the best management 

for refractory or structural GERD. 

Meanwhile, in morbidly obese patients 

with HH and/or GERD symptoms, the 

feasibility and effect of doing the anti-

reflux surgery along with a bariatric 

surgery is still under-observation as anti-

reflux surgeries mainly depend upon the 

wrap formation using the gastric fundus 

which is removed or excluded in different 

bariatric surgeries. Laparoscopic Roux-en-

Y bypass with or without crural closure is 

the bestknown operation to improve 

GERD and HH (Salvador-Sanchis et al., 

2010). 

     Some limitations of SG in morbidly 

obese patients with GERD is the 

development of postoperative high-

pressure gastric tube along with loss of 

gastroesophageal junction complex 

(stapled), which is usually attributed to 

GERD symptoms. However, the incidence 

of de novo GERD and the effect of SG on 

patients with preexisting GERD remain 

controversial. Some authors have reported 

resolution of GERD following SG, 

whereas others noted a high incidence of 

de novo GERD and worsening of 

previously existing GERD-related 

symptoms following SG (Salvador-

Sanchis et al., 2010). 

     Few studies have addressed the effect 

of LSG with crural closure on GERD in 

morbidly obese patients having HH, and 

still the results of these studies are 

conflicting (Aridi et al., 2017). 

     The aim of the present study was to 

analyze the symptoms of GERD and use 

of anti-reflux medications in morbidly 

obese patients undergoing concomitant 

crural closure with laparoscopic sleeve 

gastrectomy for morbid obesity. 
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PATIENTS AND METHODS 

     This prospective study was done in the 

surgery department, at Al-Azhar 

university hospitals in the period between 

October 2019 and October 2021. Thirty 

morbidly obese patients were included in 

this study. 

     All patients were operated upon for 

laparoscopic sleeve gastrectomy, in 

patients with wide hiatal opening, 

simultaneous crural closure was done. 

Follow up of all patients for at least 6 

months postoperative including history 

and endoscopy. 

Inclusion criteria: Age range (17~ 55) 

years, BMI more than 35 with co-

morbidity, failure of non-surgical 

treatment, and absence of endocrinal 

diseases or psychological disorders. 

Exclusion criteria: Age less than 17 

years or more than 55 years, BMI less 

than 35 without comorbidity, presence of 

endocrinal or psychological disorders, and 

unfit patients. 

All patients were subjected to: 

1. Full history and clinical examination. 

2. Laboratory investigations for 

preoperative evaluation including 

CBC, PT, liver and kidney functions, 

and hormonal profile (FBS, T3, T4, 

TSH, Serum Cortisol). 

3. Radiological investigations including 

chest X-ray, pelvi-abdominal 

ultrasound, CT may be ordered in 

selected patients. 

4. Evaluation of the cardiac and 

respiratory condition in the form of 

ECG, Echocardiogram, and 

respiratory functions. 

5. Oesophago-Gastro-Duodenoscopy 

(OGD). 

Surgery: 

     All the patients had LSG along with 

crural repair in the same sitting under 

general anesthesia and under complete 

aseptic conditions, and operative time was 

recorded. Operations were carried out 

under general anesthesia, with 

endotracheal intubation. Patients had a 

liquid diet 24 h before surgery and a 

minimum of 8 h of nothing by mouth 

(NPO) before surgery.  

     Full clinical preoperative evaluation 

(personal and medical) as well as full 

laboratory investigations (as full blood 

count, liver function tests, kidney function 

tests, liver enzymes, thyroid function, T3, 

T4, TSH and lipid profile). 

     Prophylactic anticoagulant medications 

were given to all patients in the form of 

subcutaneous Clexane® 0.5 unit/Kg/24. 

An ICU bed was reserved for all patients 

the night of operation with the decision of 

transfer left to the postoperative recovery 

assessment. 

     Foley catheter for urine output 

Monitoring. 

     Prophylactic Antibiotics e.g. 3rd 

generation cephalosporins. 

Statistical analysis: 

     Recorded data were analyzed using the 

statistical package for social sciences, 

version 23.0 (SPSS Inc., Chicago, Illinois, 

USA). Quantitative data were expressed 

as mean± standard deviation (SD). 

Qualitative data were expressed as 

frequency and percentage. Data were 
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explored for normality using 

Kolmogorov-Smirnov and Shapiro-Wilk 

Test. Paired sample t-test of significance 

was used when comparing between 

related sample. Chi-square (x2) test of 

significance was used in order to compare 

proportions between qualitative 

parameters. The confidence interval was 

set to 95% and the margin of error 

accepted was set to 5%. P value < 0.05 

was considered significant. 

RESULTS 

 

     From the 30 studied participants, 12 

were males (40%) and 18 were females 

(60%). The ages were in the range from 

17–55 years old, with a mean age of 

36.17±6.92. The body mass index (BMI) 

mean was 49.50±15.46 kg/m2 (range 36– 

56). Mean weight was 129.01±32.83 Kg 

(Range: 111–165) and mean height was 

1.67±0.60 (Range: 1.39–1.82) (Table 1). 

 

Table (1): Distribution of demographic data and anthropometric measurements 

among study group 

Demographic data Number (%) 

Sex: 

Females 

Males 

 

18 (60%) 

12 (40%) 

 Mean±SD Range 

Age (years) 36.17±6.92 17–55 

Anthropometric measurements: 

Body weight (kg) 

Height (m) 

BMI (kg/m2) 

129.01±32.83 

1.67±0.60 

49.50±15.46 

111–165 

1.39–1.82 

36–56 

 

     There were highly statistically 

significant reduction BMI (kg/m2) and 

weight (kg) in 6 months and 12 months 

compared to preoperative (Table 2). 

 

Table (2): BMI and weight reduction on the follow up period 

 Mean±SD Mean Diff. Change% p-value 

BMI 

(kg/m2) 

Preoperative 49.50±15.46    

6 months 34.14±14.66 -15.36 -31.03 <0.001 

12 months 27.11±13.75 -22.39 -45.23 <0.001 

Weight (kg) 

Preoperative 129.01±32.83    

6 months 97.49±16.87 -31.52 -24.43 <0.001 

12 months 89.16±10.24 -39.85 -30.89 <0.001 
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     There was statistically significant 

improved in hyperlipidemia in 

postoperative compared to preoperative 

with p-value (p<0.05), while it was 

improved in type 2 diabetes mellitus and 

hypertension but insignificant, with p-

value (p>0.05) (Table 3). 

 

Table (3): Comparison between pre-operative and post-operative shows resolution of 

co-morbidities most patients, including hypertension; type 2 diabetes 

mellitus, and hyperlipidemia 

Co-morbidity 
Pre-Operative Post-Operative 

P-value 
No. % No. % 

Hyperlipidemia 18 60.0% 10/18 55.6% 0.040 

Type 2 diabetes mellitus 12 40.0% 6/12 50.0% 0.094 

Hypertension 9 30.0% 4/9 44.4% 0.119 

 

     Evaluation of patients preoperatively 

by full history and examination was done. 

Questions regarding eating behavior, and 

GERD symptoms were assessed using 

GERD-Health Related Quality of Life 

(HRQL) questionnaire. Nine patients 

(30%) of the thirty patients were suffering 

from symptoms of (GERD). Eight patients 

(88.8%) from 9 GERD were identified to 

have HH intra-operatively. The presence 

of HH was confirmed intraoperatively and 

underwent LSG with crural closure after 

good dissection of the diaphragmatic 

crura. The sleeve was created in the 

standard fashion over a 36-F bougie 

starting at 3–6 cm from pylorus. Hiatal 

crural defect was repaired with two or 

three interrupted non-absorbable sutures 

between the right and left crura. 

     Gastroesophageal reflux disease 

(GERD) was diagnosed by patient 

symptoms and upper GI endoscopy. This 

was done on preoperative basis. 

Postoperatively, symptomatic patients 

were re-evaluated by GI endoscopy on 

12month periods. Table below shows 

development of gastroesophageal reflux 

postoperatively. 

     There was statistically significant 

decrease GERD in postoperative 

compared to preoperative, with p-value 

(p<0.05 S) (Table 4). 

 

Table (4): Gastroesophageal reflux postoperatively state postoperatively 

GERD 
Pre-Operative Post-Operative 

p-value 
No. % No. % 

Yes 9 30% 2 6.7% 
0.045 

No 21 70% 28 93.3% 
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     Eight patients were identified to have 

HH intra-operatively. The presence of HH 

was confirmed intraoperatively and 

underwent LSG with crural closure after 

good dissection of the diaphragmatic 

crura. The sleeve was created in the 

standard fashion over a 36-F bougie 

starting at 3–6 cm from pylorus. Hiatal 

crural defect was repaired with two or 

three interrupted non-absorbable sutures 

between the right and left crura. 

 

Table (5): Discovered HH intra-operatively 

Discovered HH intra-operatively No. % 

Yes 8 26.7% 

No 22 73.3% 

 

     Symptoms of GERD were evaluated 

via written questionnaire post operatively. 

This involved Heartburn, Regurgitation, 

Epigastric or chest pain, Epigastric 

fullness, Dysphagia and CoughTable 

below shows these syptoms. 

     All those patients (3 symptomatic 

patients) were treated with PPIs after 

diagnosis of GERD. On 12 month follow 

up symptomatic improvement occurred in 

1/3 (33.3%) improved symptomatically. 2 

patients (66.7%) still not completely 

improved.  

     Regarding complications, 

intraoperative tear of the splenic capsule 

occurred with bleeding. This was 

controlled laparoscopically with argon 

laser. Regarding complications directly 

related to sleeve gasterectomy, there was 

no leaks, no strictures, no gastrointestinal 

bleeding, and no perioperative deaths. 

There were no conversions to an open 

procedure. 

 

Table (6): Symptoms and Treatment of GERD postoperatively (n=3) 

 No. % 

Symptoms 

Regurgitation 3 100% 

Heartburn 3 100% 

Epigastric fullness 3 100% 

Epigastric or chest pain 2 66.7% 

Dysphagia 1 33.3% 

Treatment 
Improvement of symptoms 1 33.3% 

Continious on PPIs 2 66.7% 

 

DISCUSSION 

     This prospective non-comparative 

clinical study was carried out on 30 

patients. They were assessed by 

multidisciplinary (MDT) team to assess 

their psychological and nutritional status 

and other aspects. 

     In this study there were 18 females 

(60%) and 12 males (40 %). Patients’ ages 

ranged from 17– 55 years old, with a 

mean age of 40. 

     In this study, initial weight was 129.0 

kg/m2, 6months postoperatively it was 

97.49 kg/m2, 12 months postoperatively it 

reaches 89.16 kg/m2 and on 6 months 

postoperatively it was decreased to 93.8 

kg/m2 finally.  

     Our reported weight loss results are 

matched with other published data 
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(Bohdjalian et al., 2010, Deitel et al., 

2011, Strain et al., 2011 and Sarela et al., 

2012). BMI reduction on the follow up 

period was 34.14 kg/m2 after 6 months on 

follow up. Initial BMI was 50.7 kg/m2, 12 

months postoperatively it was 

27.11kg/m2. 

     In contrast, some reports as Himpens et 

al. (2010) reported a small reduction in 

BMI on follow up to be 8.7 (kg/m2). 

While reduction was not reported in 

(Santoro, 2010). 

     There was remarkable resolution of 

comorbidities in most patients, including 

hypertension, type 2 diabetes mellitus, and 

hyperlipidemia.  

     Gastroesophageal reflux disease 

(GERD) was diagnosed by patient 

symptoms and upper GI endoscopy. This 

was done on preoperative basis. 

     Postoperatively, symptomatic patients 

(only two) werere-evaluated by GI 

endoscopy on 2, 4 and 6 month periods. 

     In our study, Symptoms of GERD were 

evaluated via written questionnaire post 

operatively. This involved Heartburn, 

Regurgitation, Epigastric or chest pain, 

Epigastric fullness, Dysphagia and Cough.  

     Gagner et al. (2016) reported that as 

for SG, it can promote the development or 

worsening of GERD symptoms, so that 

the preoperative diagnosis of GERD 

and/or HH might represent a 

contraindication to SG.  

     In contrary, a study by Himpens et al. 

(2011) showed that the ‘de novo’ 

appearance of GERD occurred in 21.8% 

of patients 1 year after surgery. However, 

3 years later, GERD was present in only 

3.1% because of the restoration of the 

angle of His. Furthermore, 75% of 

patients affected by reflux symptoms 

before surgery noted its disappearance 1 

and 3 years after surgery. 

     More precisely, regarding exclusively 

reflux symptoms after sleeve gastrectomy, 

the rate is variable ranging from 2.8% to 

13% (Nocca et al., 2010 and Crookes, 

2011). 

     Some authors proved that ‘de novo’ 

GERD symptoms developed in 22.9% of 

their patients undergoing SG alone 

compared with 0% of patients undergoing 

SG plus HHR (Soricelli et al., 2010). 

     In our study, symptomatic GERD was 

present in 9(30%) patients, and HH was 

diagnosed in eight patients 

intraoperatively. The mean follow-up was 

6 months, and GERD remission occurred 

in 7 (77.7%) patients, confirmed by upper 

gastrointestinal endoscopy. In the 

remaining two (22.2%) patients, ant reflux 

medications were continued, with 

complete control of symptoms after about 

6 months. 

     We tried to increase the anti-reflux 

measures by repairing of HH and keeping 

the gastroesophageal junction in intra-

abdominal position by intracorporeal 

stitching between right and left crus of the 

diaphragm. 

     We tried to prove that HHR is not just 

crural approximation but aimed to get 

good esophageal dissection and 

mobilization to restore intra-abdominal 

esophagus. The gastroesophageal junction 

is a complex anatomic structure that is 

closely linked to proper functioning of the 

antacid barrier. Effacement of angle of 

His, loss of diaphragmatic support, and 

migration of intra-abdominal esophagus 
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into negative pressure chest area are some 

factors that contribute to disruption of the 

gastroesophageal junction anatomy that 

functions as ant acid barrier. So, we aimed 

at restoration of most of these protective 

mechanisms to ensure proper HHR in 

concomitant with sleeve gastrectomy and 

improvement of GERD symptoms 

postoperatively. 

     In our study, GERD symptoms were 

markedly improved confirmed by 6-month 

upper gastrointestinal endoscopy (77.7%). 

This finding is matched with (Himpens et 

al., 2010). Who noted that of the patients 

with pre-existing GERD, 75% had had 

resolution? 

     The results of this study support the 

recommendation to repair the hiatal 

hernia, during the realization of a gastric 

sleeve.  

     The majority of patients in whom the 

hernia was left intact developed GERD. 

By leaving the hiatal hernia intact, the 

mistake of incompletely resecting the 

fundus can be made, and two phenomena 

can explain the development of GERD as 

a consequence of this. First, a larger 

surface area of remaining gastric mucosa 

increases acid production due to a greater 

number of parietal cells. Second, the 

remaining stomach acquires the shape of 

an hourglass, which determines that the 

food remains longer in the proximal 

stomach, reducing gastric transit and 

favoring reflux. On the other hand, the 

presence of a hiatal hernia may favor the 

esophago gastric junction migrating to the 

thorax. Baumann et al. (2011), followed 

27 patients with gastric sleeve, using 

multislice computed tomography, finding 

that the migration of the line of staples to 

the thorax is related to the presence of 

gastroesophageal reflux. 

     Most studies similar to this one shows 

an improvement in GERD when the 

hernia is repaired (Mahawar et al., 2015). 

With the exception of the randomized 

controlled study conducted by Snyder et 

al. (2016). Showed no difference between 

repairing or not the HH. 

CONCLUSION 

     Sleeve gastrectomy with concomitant 

crural repair and stitching of the crura of 

diaphragm is considered a feasible and 

safe technique providing good results in 

management of GERD symptoms for 

obese patients with reflux symptoms and 

hiatus hernia. 
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إكتسبببببل عمليببببة تكمببببيم المعببببدة ال تكمببببيم المعببببدة العمبببب د   ببببعبية بببببين  خلفيةةةةة البحةةةة  

الجببببراحينب بسبببببق دلببببة تع يببببدها الت نببببم لنتا،جهببببا الجيببببدة  لمببببع  لبببب ب هنببببا  نتببببا،  

متضبببباربة فيمببببا يتعلببببق بايرتجببببا  المعببببد  المري ببببم بعببببد التكمببببيم  تشببببير العديببببد مببببن 

الدراسبببال إلبببى فيبببادة فبببم  بببدة اعبببراج ايرتجبببا  ال ،هببب ر جديبببد بعبببد الجراحبببةب مبببن 

بببببين اسببببباب ابببببراب بسبببببق انةفبببباج إفببببراا المعببببدةب لفيببببادة الضبببب   داببببب  المعببببدةب 

لانةفبببباج دابليببببة ت سببببع المعببببدة المتب يببببة لضببببعي مببببن العضببببلة العا ببببرة للمبببببر   

ا ب جببب د إرتبببداد  ا لثي ببب  السبببفلية  علبببى الجانبببق ااببببرب فبببي  الفتبببق الحجبببابم يبببرتب  إرتباطببب 

 .معد  مري م

تحليبببب  اعببببراج ايرتجببببا  المعببببد  المري ببببم لاسببببتةدا  ا دليببببة  الهةةةةدف مةةةةن البحةةةة  

المضببببادة لارتجببببا  فببببم المرضببببى البببب ين يعببببان   مببببن السببببمنة المفرطببببة ليةضببببع   

 .لإغاق الفة  المصاحق مع تكميم المعدة بالمنظار من اج  السمنة المرضية

اجريبببببل هببببب ه الدراسبببببة ايسبببببتبادية فبببببم دسبببببم الجراحبببببة  المرضةةةةةق الةةةةةر  البحةةةةة  

ب  2021حتببببم اكتبببب بر  2019بمستشببببفيال جامعببببة ا فهببببر فببببم الفتببببرة مببببا بببببين اكتبببب بر 

مريضبببا  يعبببان   مبببن السبببمنة المفرطبببة فبببم هببب ه الدراسبببة  تبببم إجبببرا   30لدبببد تبببم تضبببمين 

عمليبببال جراحيبببة لجميبببع المرضبببى مبببن اجببب  است صببباا المعبببدة الكمبببم بالمنظبببارب لفبببم 

المرضببببى البببب ين يعببببان   مببببن فتحببببة الحجبببباب الحبببباجز ال اسببببعةب تببببم إجببببرا  إغبببباق 

ا ببببهر علببببى ا دبببب  بعببببد  6مفصببببلم فببببم لدببببل لاحببببد  متابعببببة جميببببع المرضببببى لمببببدة 

 .الجراحة بما فم  ل  التاريخ لالتنظير
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كبببا  هنبببا  إنةفببباج  ل ديلبببة إحصبببا،ية عاليبببة فبببم م  بببر كتلبببة الجسبببم  نتةةةاال البحةةة  

ا م ارنبببة  دبببب  الجراحبببة  كبببا  هنبببا  تحسبببن معتبببد بببب   12ا بببهر ل  6لالببب ف  فبببم   بببهر 

إحصبببا،يا فبببم فبببرط  بببحميال البببد  بعبببد الجراحبببة م ارنبببة مبببع دبببب  الجراحبببةب بينمبببا تحسبببن 

لارتفببببا  ضبببب   الببببد  للكببببن غيببببر معنبببب    كببببا  هنببببا   2فببببم دا  السببببكر  مببببن النبببب   

إنةفببباج معتبببد بببب  إحصبببا،يا فبببم الجبببزر المعبببد  المري بببم فبببم فتبببرة مبببا بعبببد الجراحبببة 

 .م ارنة مع دب  الجراحة

فيمببببا يتعلببببق بالمضبببباعفالب حببببدم تمببببزق اثنببببا  العمليببببة لكبسبببب لة ال حبببباا مببببع          

النزيبببببي  تبببببم البببببتحكم فبببببم هببببب ا بالمنظبببببار باسبببببتةدا  ليبببببزر ا رجببببب    فيمبببببا يتعلبببببق 

بالمضبببباعفال المرتب ببببة مبا ببببرة بجراحببببة تكمببببيم المعببببدةب لببببم يكببببن هنببببا  تسببببريبالب لي 

ديبببب دب لي نزيببببي معببببد  معبببب  ب لي لفيببببال حبببب ا الجراحببببة  لببببم تكببببن هنببببا  تحبببب يال 

 .إلى إجرا  مفت ح

يعتبببببر تكمببببيم المعببببدة مببببع مببببا يصبببباحق  لبببب  مببببن إ بببباح الفةبببب  لبياطببببة  الاسةةةةت:تا  

غشببببا  الحجبببباب الحبببباجز ت نيببببة مجديببببة ل منببببة تبببب فر نتببببا،  جيببببدة فببببم إدارة اعببببراج 

ايرتجبببا  المعبببد  المري بببم للمرضبببى الببب ين يعبببان   مبببن السبببمنة المفرطبببة مبببع اعبببراج 

 .ايرتجا  لفتق الحجاب الحاجز

تكمببببيم المعببببدة بالمنظببببارب الفتحببببة العريضببببة المكتشببببفة مصببببادفةب البدانببببة  الكلمةةةةاد الدالةةةةة 

 المفرطة 


