
Advanced Biomedical Research | 2016	 1

Background: The rising prevalence of obesity in today populations has led obese individuals to seek medical 
interventions. Aside from special diets, routine exercise and in some cases, medical treatment, most of 
the obese patients, favoring those with morbid or super obesity can benefit from bariatric surgery to lose 
weight. Laparoscopic sleeve gastrectomy (LSG) is relatively new method to limit the compliance of stomach. 
The consequent quick satiety during each meal results in gradual weight loss in patients. We investigated 
the efficacy and safety of this method among a group of our patients.
Materials and Methods: This cross‑sectional study was conducted in Isfahan, Iran, from January 2012 to 
January 2013. Thirty‑five cases of obesity that had undergone LSG were enrolled and their baseline data of 
weight, body mass index (BMI), blood sugar, lipid profile, liver function indexes and blood pressure were 
collected. The patients were followed up for 6 months. The 6‑month results were analyzed.
Results: There was significant reduction in BMI, weight, blood sugar, blood pressure, liver enzymes and lipid 
profile components (P < 0.05), except for alkaline phosphatase (ALP) (P = 0.3). The average of excess weight loss 
percentage after 6 months was 69.2 ± 20.9%. No mortality occurred. Two of the patients had micro anastomotic 
leaks that were treated with nonoperative management. A case of gross leakage was treated with tube jejunostomy.
Conclusion: Our study confirmed the efficacy and safety of LSG as a single surgical intervention for body 
weight reduction in morbidly and super obese patients.
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Original Article

environmental factors are involved in obesity; the 
rapid growth in the prevalence of obesity in the society 
points out that components other than genetics play 
important roles in obesity. In 2004, 32.2% of adults in 
the Unites States were considered obese.[1,2]

Severe obesity, defined as having body mass 
index  (BMI) over 35, causes several obesity‑related 
problems that affect daily social and occupational 
activities of obese individual, including abnormal 
physical appearance in cases of morbid obesity, having 
difficulty using public transport and lack of variety 
of choice regarding clothes; these differences lead to 
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Abstract

INTRODUCTION

Obesity is considered as one of the preventable causes 
of death in the United States. Both genetics and 
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development of depression among obese individuals 
which is more prevalent in them than it is in the 
general population.[3]

Obesity‑related conditions include degenerative 
joint disease, back pain, hypertension, sleep apnea, 
gastro‑esophageal reflux, cholelithiasis, type  II 
diabetes, elevated lipid profile, asthma, migraine 
headaches, deep vein thrombosis, cutaneous 
abscess, infertility and increased rate of specific 
malignancies.[4]

These factors have made the obese individuals to seek 
solutions for their problem. Non‑surgical methods 
combine low calorie intake diets with moderate 
exercise programs and are the easiest and most 
reliable interventions to reduce weight; however, 
the success of this method among severely obese 
individuals is estimated about 3%. Medical treatments 
for losing excess weight have been suggested, yet 
only, orlistat has been approved by the food and 
drug administration (FDA), which is not effective for 
severe obesity.[5] Consequently a growing tendency 
has emerged toward bariatric surgery. These methods 
reduce weight through limiting the compliance of the 
alimentary tract for food and creating a malabsorption 
state.

After the assessment of their results from deudenal 
switch  (DS) surgery, Gagner et  al. introduced 
laparoscopic sleeve gastrectomy  (LSG) for the first 
time as a new surgery method. This method was 
developed to break the main surgical procedure into 
two shorter operations in order to reduce the mortality 
rate; this however resulted in recognizing LSG as a 
separate effective method for treatment of obesity.[6]

Many surgeons have started using this method, and 
reports of outstanding successful treatment through 
this procedure have been published.[7,8]

Regarding the increased prevalence of obesity in our 
population, this procedure is being more frequently 
used. LSG is a reliable surgery with minimal 
invasiveness for severe obesity and growing data is 
being published, confirming its efficacy. In this article, 
we aimed to evaluate the data on efficacy of LSG in 
the literature.

MATERIALS AND METHODS

In a prospective study, in a 12‑month period, we 
consecutively enrolled referred patients to the saint 
Alzahra hospital daily clinic who had underwent LSG 
surgery and had a BMI of more than 35 before surgery. 
All patients had a history of failed, non‑surgical 

obesity treatment prior to their surgery. We excluded 
the patients who did not comply with post surgical 
modifications of their life style and dietary patterns 
from the study.

All patients had been tested for fasting blood 
sugar  (FBS), lipid profile including high‑density 
lipoproteins  (HDL), low‑density lipoproteins  (LDL) 
and triglycerids (TG) and liver function tests before 
the surgery. The patients had also been assessed for 
presence of hypertension and sleep apnea through 
physical examination and medical history.

All included patients had undergone LSG surgery 
by the same surgical team, under the same surgical 
settings. Briefly, the surgeries were performed under 
general anesthesia; patients were placed in a supine 
trendelenburg position. Five trocars were used in 
the procedure, a supra umbilical incision for passing 
the 11 mm 30 degree lens trocar, a 5 mm epigastric 
incision, a 12 mm incision at the right side above the 
umbilicus and two 5 mm incisions at both left and 
right sides of the umbilicus. An endoGIATM stapler 
was used in this procedure. Right before stapling, a 
size‑36 tube was passed through patient’s mouth into 
the stomach to mark the stapling line; using this guide 
the surgeon removed the stomach from 4 cm proximal 
to the pyloric sphincter all the way to the angle of 
Hiss at the side of stomach’s greater curvature, 
longitudinally. Duration of the procedure was 
registered and patients’ vital signs were monitored 
post surgically. Upper gastrointestinal (GI) imaging 
was performed the next day via X‑ray, to search 
for anastomotic leak using Gastrografin. Patients 
were discharged from the hospital after they were 
able to start oral diet. Patients’ days of stay at the 
hospital after the surgery were registered. The 
patients were revisited for a follow‑up at 2 weeks, 
1 month, 3 months and 6 months. The patients’ BMI 
and weight were registered at each visit; FBS, lipid 
profile, blood pressure, liver enzymes were evaluated 
through a routine biochemistry test and presence 
of sleep apnea was assessed via medical history at 
6 months again.

We calculated patients’ excess weight before surgery 
by using BMI of 23 as a reference. At the 6‑month visit, 
excess weight loss percentage (EWL%) was defined as 
the amount of weight patients had lost as a percentage 
of excess weight (weight loss/excess weight × 100).[1]

We used independent t test to compare means between 
two groups and paired sample‑t test for analysis 
of dependant data, using the SPSS, version  19 
(Chicago, IL) software. A  two‑tailed P value of less 
than 0.05 was considered statistically significant.
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RESULTS

During the study, 35  patients were enrolled. 
The mean  ±  standard deviation  (SD) for age was 
31.45 ± 8.84. The demographic data is presented in 
Table 1.

There was a significant difference between male and 
female patients regarding their height and weight, 
with males being taller and heavier (P < 0.05); however, 
there was not any significant BMI difference between 
males and females (P = 0.287). The age between men 
and women was not significantly different (P = 0.893).

The values of weight, BMI, FBS, lipid profile, liver 
function tests and systolic (SBP) and diastolic blood 
pressure (DBP) in patients were registered at baseline 
and 6 months from the surgery. The data is shown in 
Table 2.

There was statistically significant reduction of the 
mean value of FBS between the baseline data and the 
data from 6 months after the surgery (P < 0.05). The 
lipid profile values between the baseline time and after 
6 months were significantly lower (P < 0.05) except 
for HDL level that had a significant increase during 
the 6 months of the study (P < 0.05). Evaluations of 
blood pressure revealed that there was a significant 
decrease in systolic and diastolic blood pressure before 
the surgery and after 6 months (P < 0.05). Comparison 
of the results of liver function tests indicated that 
although the differences in ALT and AST before the 
surgery and after 6 months were significant (P < 0.05); 
the difference in ALP between these times was 
not statistically significant  (P  =  0.3). Patients had 
significantly lower weight and BMI after 6 months 
than at the beginning of the study (P  < 0.05).

For each patient, BMI and weight were also measured 
at 2 weeks, 1 month and 3 months from the surgery. 
Data is presented in Table 3.

The data indicated that between the baseline values 
and visits at 2 weeks, 1 month, 3 months and 6 months 
after surgery, and also between the visits themselves, 
there were significant differences showing a general 
tendency to weight loss  (P < 0.05). The mean ± SD 
of EWL% at 6 months was 69.2 ± 20.9% among the 
patients.

The mean  ±  SD for duration of surgery was 
117 ± 26.5 min. Patients stayed at the hospital for an 
average of 3.5 ± 1.3 days after the surgery.

Patients were evaluated for the presence of sleep 
apnea before they had the surgery; 22.8% had no 

history related to sleep apnea, 42.8% had mild to 
moderate sleep apnea and 20% had severe sleep apnea. 
A remaining 14.2% of the patients had only snoring 
during the night time. At the end of the study, no 
patient had a complaint of symptoms related to sleep 
apnea.

Table 1: Demographic data
Variable Male Female P 
Sample size 13 22
Percentage 34 66
Age (mean±SD) 31.7±8 31.27±9 0.893
Height (mean±SD) 178.7±10.6 162.5±6.4 0.0001*
Weight (mean±SD) 146.9±21.7 116.1±20.7 0.0001*
BMI (mean±SD) 46.3±7 43.6±6.1 0.287
*Shows statistical significance, P<0.05 is considered statistically significant. 
Data is presented as mean±SD, BMI: Body mass index, SD: Standard deviation

Table 2: Comparison of biochemical variables between 
baseline and 6 months after the surgery
Biochemical 
variables

Mean±SD P 
Baseline 6 months post surgery

FBS 101.3±15.1 88.5±10.3 0.0001*
LDL 125.8±30.4 104.1±24.6 0.0001*
HDL 44.1±8.4 47.3±7.6 0.001*
Cholesterol 200.7±38 171±31 0.0001*
TG 175.5±61.3 135.6±46.2 0.0001*
ALT 34.4±16.7 25.7±13.2 0.0001*
AST 27.7±8.6 22.7±7.2 0.0001*
ALP 167±45.9 171.6±54 0.30
SBP 124.4±7.8 116.6±5.6 0.0001*
DBP 79.8±5 76.8±5.3 0.001*
Weight 127.5±25.7 85±18.5 0.0001*
BMI 44.5±6.47 29.8±5.4 0.0001*
*Shows statistical significance, P<0.05 is considered statistically significant, 
HDL: High‑density lipoprotein, LDL: Low‑density lipoprotein, FBS: Fasting blood 
sugar, TG: Trigelycerides, ALT: Alanin transferase, AST: Aspartate transferase, 
ALP: Alkaline phosphatase, SBP: Systolic blood pressure, DBP: Diastolic blood 
pressure, BMI: Body mass index

Table 3: Comparison of BMI and weight between visits
[None] Weight BMI
Baseline 127.5±25.7 44.5±6.47
2 weeks post surgery 120.4±26.3 42.1±6.1
P value (baseline and 2 weeks) 0.0001* 0.0001*
1 month post surgery 113.4±24.7 39.6±5.8
P value (baseline and 1 month) 0.0001* 0.0001*

P value (2 weeks and 1 month) 0.0001* 0.0001*
3 months post surgery 96.7±19.2 33.9±5.1
P value (baseline and 3 months) 0.0001* 0.0001*

P value (2 weeks and 3 months) 0.0001* 0.0001*

P value (1 month and 3 months) 0.0001* 0.0001*
6 months post surgery 85±18.5 29.8±5.4
P value (2 weeks and 6 months) 0.0001* 0.0001*

P value (1 month and 6 months) 0.0001* 0.0001*

P value (3 months and 6 months) 0.0001* 0.0001*
*Shows statistical significance, P<0.05 is considered statistically significant, 
BMI: Body mass index
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We evaluated the outcome of the surgery by performing 
upper GI imaging to look for probable anastomotic 
leaks. One of the enrolled patients had gross leak 
from the site of surgery, two patients had micro leaks, 
one micro leak developed into a sub‑diaphragmatic 
abscess. There were no reports of other post operative 
complications including pulmonary embolism, wound 
infection or mortalities among our patients.

DISCUSSION

Several methods are being used as surgical 
interventions for obesity; none of them are without 
complications.[9] LSG is relatively new method to limit 
the compliance of stomach. The consequent quick 
satiety during each meal results in gradual weight 
loss in patients.[10] We investigated the efficacy and 
safety of this method among a group of our patients 
in a short‑term follow‑up.

We compared several biochemical indexes to evaluate 
the efficacy of this procedure in our patients. FBS 
levels decreased significantly within 6 months, which 
points to the effectiveness of this method to control 
diabetes related co‑morbidities in obese patients. 
Nosso et al., claimed in their study that LSG provides 
a sustained controlled serum level of glucose among 
obese type 2 diabetic patients.[11]

Imbalanced lipid profile and metabolic syndrome 
accompanies obesity. Pe’qiugnot et  al. showed 
that sleeve gastrectomy is capable of reducing 
the incidence of metabolic syndrome.[12] While our 
data supports this idea, the reduction in LDL, 
Cholesterol and triglycerides along with rising 
levels of HDL shows a potential for management 
of cardiovascular risk factors. The reduction in 
patients’ systemic blood pressure can be the first 
sign of a less stressed circulatory system. Weight 
loss and resolution of major cardiovascular risk 
factor in obese patients may be able to considerably 
lengthen their life expectancy. This idea is further 
enlightened if we consider significant reductions of 
hepatic transaminase levels in our patients. The 
treatment of obesity could have indirect benefits to 
hepatic cells and prevent damage from conditions 
such as non‑alcoholic fatty liver.

The main goal of bariatric surgery is to help obese 
patients achieve a desired body weight. Studies 
have shown that LSG benefits the obese adults by 
both weight loss and decreasing their obesity‑related 
co‑morbidities in a mid‑term follow‑up period and 
that efficacy of LSG is similar to that of a Roux‑en‑Y 
gastric bypass.[13,14] It has also been noted that 
despite favorable 5‑year outcomes of LSG, a major 

lifestyle modification is necessary for this method 
to be most effective.[15] This type of surgery has 
also been approved as an alternative procedure in 
patients whose attempts for weight loss with other 
methods have failed;[16] however, the benefit of a 
second LSG on patients is controversial and carries 
a risk of increased post surgical complication.[17] 
The efficacy and safety of this surgery has been 
reported in the literature regarding short‑term 
start of weight loss and acceptable EWL% with a 
6‑year EWL% of over  50%,[18,19] sustained weight 
control, reduction of co morbidities and very few 
complications.[10,20,21] The procedure has even been 
considered safe to be used in patients over the age of 
60.[22] The reported complications include development 
of gastro‑esophageal reflux disease  (GERD),[21] and 
post surgical anastomotic leaks. The first signs that 
indicate a post surgical leakage or bleeding include 
tachycardia, pain, fever and hypotension.[23] As the 
main complication for LSG, Kehagias et al. stated that 
a non‑surgical approach can help with the leaks.[24] 
A combination of percutaneous drainage, stents, use 
of antibiotics and parenteral support of the patient 
is suggested as treatment and early usage of stents 
is associated with a faster time of recovery.[25,26] In 
order to decrease the risk of post surgical leaks, use 
of stapling line reinforcement methods such as over 
sewing, application of bovine pericardium or synthetic 
polyester and thrombin matrix have been proposed.[27]

In our study, we compared weight and BMI of the 
patients between baseline values and subsequent 
follow up visits for 6 months. A significant reduction 
in weight and BMI was observed indicating a gradual 
weight loss trend. Our patients had an average 
EWL% of 69.2 ± 20.9% in the first 6 months. These 
results suggest the efficacy of LSG among our 
patients.

Regarding the post surgical complications one of our 
patients had a gross leak from the site of stapling. 
We applied a tube jejunostomy which resolved the 
problem. Two of our patients had micro leaks, one 
which turned into a sub‑diaphragmatic abscess. We 
used conservative treatment for them, including 
prophylactic antibiotics, cessation of oral nutrition and 
hydration. The episode resolved in both cases without 
the need for a surgical intervention.

Keshet et  al. have proposed in their study that a 
complementary medical support along with the 
routine supportive care in hospitals can improve 
pain and anxiety in patients undergoing LSG.[28] 
This is also suggested by Chang et al., that a proper 
perioperative care could further improve the safety 
of LSG.[29]
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CONCLUSION

Our study suggested the efficacy and safety of LSG as a 
single surgical intervention for body weight reduction 
in morbidly and super obese patients.
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