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The effects of bariatric surgical procedures on the
improvement of metabolic syndrome in morbidly obese
patients: Comparison of laparoscopic sleeve gastrectomy
versus laparoscopic Roux-en-Y gastric bypass
Mehmet Ertuğrul Kafalı, Mustafa Şahin, İlhan Ece, Fahrettin Acar, Hüseyin Yılmaz, Hüsnü Alptekin, Leyla Ateş
ABSTRACT

Objective: The objective of this study was to evaluate patients who underwent laparoscopic Roux-en-Y gastric bypass
and laparoscopic sleeve gastrectomy in terms of weight loss, metabolic parameters, and postoperative complications.
Material and Methods: Data on patients who underwent laparoscopic Roux-en-Y gastric bypass and laparoscopic
sleeve gastrectomy with a diagnosis of morbid obesity between January 2012 and June 2014 were retrospectively
evaluated. Patients were compared in terms of age, sex, body mass index, duration of operation, American Society
of Anesthesiologists score, perioperative complications, length of hospital stay, and long term follow-up results.
Results: During the study period, 91 patients (45 laparoscopic Roux-en-Y gastric bypass and 46 laparoscopic sleeve gastrectomy) underwent bariatric surgery. There was no difference between the two groups in terms of preoperative patient characteristics. Both groups showed statistically significant weight loss and improvement in co-morbidities when
compared with the preoperative period. Weight loss and improvement in metabolic parameters were similar in both
groups. The duration of operation and hospital stay was longer in the laparoscopic Roux-en-Y gastric bypass group.
Furthermore, the rate of total complications was significantly lower in the laparoscopic sleeve gastrectomy group.
Conclusion: Laparoscopic sleeve gastrectomy is a safe and effective method with a significantly lower complication rate and length of hospital stay than laparoscopic Roux-en-Y gastric bypass, with similar improvement rates in
metabolic syndrome.
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INTRODUCTION
Obesity is defined as a body weight 20% greater

than the expected weight or a body mass index (BMI)
greater than 30 kg/m2, and is a rapidly spreading public health problem throughout the world (1). BMI
over 35 kg/m2 with severe comorbidities or BMI above 40 kg/m2without complaints is classified as morbid obesity. Dietary and lifestyle changes are inadequate treatment methods in morbid obesity in terms
of long-term weight loss (2). Thus, surgery is the only effective treatment of morbid obesity (3, 4). Laparoscopic Roux-en-Y gastric bypass (LRYGB) and laparoscopic sleeve gastrectomy (LSG) are the most
commonly used methods for surgical treatment. LRYGB is a safe technique that has been applied for
many years due to its mal-absorptive effect in addition to its volume-limiting effect (5). The most important disadvantage of this surgical technique is postoperative nutritional deficiencies that require longterm follow-up (6). Since LSG is easy to learn, has fewer complication rates, and has fewer nutritional
effects, it is being increasingly used in the surgical treatment of obesity (7, 8).
The increase in body mass index is associated with metabolic diseases such as glucose intolerance, diabetes, dyslipidemia, hypertension and coronary artery disease. The association of obesity and metabolic
diseases is called metabolic syndrome (9). In this study, we aimed to compare the effects of two different
surgical techniques used for obesity treatment on obesity and metabolic syndrome.
MATERIAL AND METHODS
The data on patients with BMI over 40 kg/m2 or BMI between 35 and 40 kg/m2 with serious comorbidities according to the International Federation for the Surgery of Obesity (IFSO) criterion who have been
treated by LSG and LRYGB at the Selçuk University Research Hospital, Obesity and Metabolic Surgery
Clinic between January 2012 and June 2014 were retrospectively reviewed. The study was conducted
in accordance with ethical standards set in the Helsinki Declaration with the approval of the local ethics
committee. Patient informed consent was not obtained due to the retrospective nature of the study.
However, prior to the operation, the patients were informed about the possible complications of the
surgical procedures and informed consents were obtained. The surgical technique to be applied was
decided according to patient BMI, co-morbid diseases and patient preference. Patient age, gender, BMI,
duration of operation, American Society of Anesthesiologists (ASA) score, perioperative complications,
length of hospital stay, and long-term follow-up results were obtained from hospital records. Patients
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with ASA score IV or higher, and those with a history of previous anti-reflux or gastric surgery were excluded from the
study.
All patients were assessed for cardiac, pulmonary and endocrinology risk of surgery and anesthesia. Abdominal ultrasound and upper gastrointestinal endoscopy was routinely
performed. LRYGB was preferred in patients with evidence of
esophagitis on endoscopy. All patients underwent a standard
diet protocol in the postoperative period, with liquid diet in
the first 1 month and soft diet in the second and third months.
After the third month, patients were allowed a normal diet. Vitamin supplements were not prescribed routinely for patients
with LSG, they were recommended individually according to
postoperative follow-up results. Patients receiving LRYGB were
routinely discharged with multivitamin supplements.
Patients were regularly monitored by a member of the surgical team and a dietitian. The first postoperative follow-up was
performed at the end of the first week. Subsequent follow-ups
were set at 1, 2, 3, 6, 12 and 24 months. Patient medication,
BMI, excess weight loss, glucose, HbA1c, cholesterol, blood
pressure were recorded.
Surgical Technique
All patients received antibiotic prophylaxis (Cephazolin 2 g IV),
and thromboemboli prophylaxis with low molecular weight
heparin (Enoxaparin 6000 anti-Xa IU 60 mg) and intermittent
pneumatic compression stockings and were operated in the
semi-lithotomy position.
The standard 4 port technique was used for LSG. The first
port was placed in the abdomen supra-umbilically and CO2
insufflation was established at a pressure of 12 mmHg. A 5
mm port was placed for liver retraction from the subxiphoid
area. The working ports were placed under direct vision from
the right and left subcostal lines. Gastric vascular structures
on the greater curvature were mobilized by using a vascular
sealing device (Ligasure; Maryland, Covidien, CO, USA). The
stomach was divided starting 2cm from the pylorus until 1
cm to the angle of His vertically over a 36 Fr calibration tube
by using 4-to-6 60-mm staplers (Covidien; Endo-GIATM, TriStapleTM, USA). In all patients, the stapler line was sutured
with a running suture (V-Loc; Covidien, USA) to prevent
bleeding and a silicone drain was placed along the suture
line.
Laparoscopic Roux-en-Y gastric bypass was performed with
the 7 port technique. The stomach was divided by using 2-3
laparoscopic staplers from the lesser curvature to the angle
of His after mobilization of the lesser omentum so as to prepare a gastric pouch of 20-30 mL volume. The jejunum was
divided as the alimentary limb would be 150 cm from the Treitz ligament and the biliary limb would be 60 cm. The greater
omentum was routinely separated from the transverse colon
to prevent tension in the gastrojejunostomy anastomosis. All
patients underwent gastrojejunostomy with OrvilTM (Covidien;
Autosuture, Mansfield, MA, USA) and 25 mm circular staplers,
which were introduced into the stomach orally. The jejunojejunostomy anastomosis was performed with a laparoscopic
linear stapler. One soft drain was placed in proximity to the
gastrojejunostomy line.

Statistical Analysis
Data were collected by using Microsoft Excel 2007 (Microsoft,
Redmond, WA, USA) and statistical analyzes were performed
by using Statistical Package for the Social Sciences 16.0 (SPSS
Inc.; Chicago, IL, USA). Student’s t test and chi-square test
were used to analyze demographic data. Non-parametric
tests were used since the majority of the variables in normal
distribution controls were identified to be not normally distributed. Independent two group comparisons were made by
Mann-Whitney test, and Wilcoxon test was used for dependent group comparison in each group. Categorical variables
were expressed as percentage and continuous variables as
mean±standard deviation. P value <0.05 was considered as
significant.
RESULTS
A total of 91 patients, 24 male and 67 female, who underwent
obesity surgery in our clinic and met the inclusion criteria
were included in the study. LRYGB was performed on 45 of
the 91 patients and LSG was performed on the remaining 46
patients. Preoperative characteristics of the patients are outlined in Table 1. The operative time in the LRYGB group was
statistically significantly high. Also, the patients in the LRYGB
group had longer hospital stay. Preoperative BMI was significantly higher in the LRGB group than that of the LSG group.
When patients were assessed in terms of comorbid diseases;
patients in the LRYGB group were found to have more comorbidities, although not statistically significant. Patients
were followed-up for at least 24 months in both groups. The
24-month BMIs were similar in both groups. The initial BMI was
higher in the LRYGB group; therefore, excess weight loss was
found to be lower in the LSG group. However, this difference
was not statistically significant. When patients with metabolic syndrome were compared in both groups; the decrease
in fasting blood glucose, cholesterol, and HbA1c levels were
similar (Table 2). The mean preoperative insulin dose used by
insulin-dependent diabetic patients was 52.71±20.1 units/
day in the LSG group, and 55.47±23.3 units/day in the LRYGB
group (Table 3, 4). At the 12th month postoperative follow-up,
daily insulin doses were decreased down to 12.1±9.1 units in
the LSG group, and 8.9±7.3 units in the LRYGB group. At the
end of the second year, there were no patients in both groups
who required insulin treatment. Oral anti-diabetic medication
was required in 1 (2.2%) patient in the LRYGB group, and in 2
(4.3%) patients in the LSG group due to partial remission in
diabetes mellitus. When the groups were compared in terms
of cholesterol levels, the preoperative levels and the decrease
rate of cholesterol levels at 24 months were similar. There were
no mortalities during the study period. Complications of surgical groups are listed in Table 5. One patient underwent an endoscopic expandable stent replacement due to a stapler line
leakage in the LSG group. The stent was removed at 4 weeks
after endoscopic and radiological confirmation of leak closure.
Another patient in the LSG group developed postoperative
bleeding that was controlled by conservative methods. Surgical site infection of the port site where the stomach has been
extracted was treated with drainage and oral antibiotics in 3
patients. In the LRYGB group, 2 patients were treated for postoperative bleeding, 4 for surgical site infection, and 3 for anastomotic leak. All bleedings were controlled by blood transfusion and did not require re-operation. Anastomotic leak in the
gastrojejunostomy anastomosis was successfully closed with
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Table 1. Patient demographics

Table 4. Follow-up data on patients with LRYGB

LSG (n=46)

LRYGB (n=45)

p

38.2±13.1

37.8±11.3

NS

Age (years)*

Gender 			NS
#

Female

35

32

Male

11

13

44.1±3.6

48.6±4.8

BMI (kg/m2)*

ASA score#			NS
I

26 (56.5)

24 (53.4)

II

16 (34.7)

15 (33.3)

III

4 (8.6)

6 (13.3)

BMI (kg/m2)

48.6±4.8

34.6±4.6*

30±2.1**

Glucose (mg/dL)

183±39.5

114±33.2*

101.5±20.7**

HbA1c (%)

8.0±1.6

5.4±2.1*

5.2±1.0**

Insulin dose (unit)

56±9.8

8±2.6*

0**

178±30.8*

156±26.2**

Cholesterol (mg/dL) 199.5±51.3

*,**(p<0.05): Indicates significant result as compared to preoperative values
LSG: laparoscopic sleeve gastrectomy; BMI: Body Mass Index

Table 5. Operative data and complications

Hypertension

13 (28.2)

12 (26.6)

Type 2 diabetes

14 (30.4)

18 (40.0)

Glucose intolerance

10 (21.7)

11 (24.4)

Operation duration (minutes)* 66.2±12.1

Dyslipidemia

11 (23.9)

12 (26.6)

Hospital stay (days)*

26.2±2.1

28.1±5.6

Follow-up*

LSG (n=46)

NS

NS: not significant; BMI: Body Mass Index; LSG: laparoscopic sleeve
gastrectomy; LRYGB: laparoscopic Roux-en-Y gastric bypass; ASA: American
Society of Anesthesiologists

Table 2. Postoperative 24-month patient data according to
surgery type
LRYGB (n=45) p

75.3±16.2

79.3±15.4

NS

Blood glucose decrease
percent (%)

42.8

44.8

NS

HbA1c decrease percent (%)

33.9

35.0

NS

Cholesterol decrease percent (%)

22.8

25.1

NS

Hypertension medication
discontinuation (%)

82.3

88.6

NS

%EWL#

Expressed as mean±standard deviation

#

NS: not significant; %EWL: percentage of excess weight loss; LSG: laparoscopic
sleeve gastrectomy; LRYGB: laparoscopic Roux-en-Y gastric bypass

Table 3. Follow-up data on patients with LSG
		
Postoperative Postoperative
Preoperative
12 month
24 month
BMI (kg/m2)

44.1±3.6

33.0±3.1*

29.0±2.9**

Glucose (mg/dL)

180±42.6

114±35.3*

102.5±20.1**

HbA1c (%)

7.9±1.1

5.6±0.9*

4.9±0.8**

Insulin dose (unit)

52±10.1

12±5.6*

0**

182.0±32.4*

167.0±36.5**

Cholesterol (mg/dL) 198.5±44.4
Expressed as mean±standard deviation

*,**(p<0.05): Indicates significant result as compared to preoperative values
LSG: laparoscopic sleeve gastrectomy; BMI: Body Mass Index

LRYGB (n=45)

p

107.5±32.1

<0.05

6.2±2.1

<0.05

5.1±2.1

Complications			<0.05
Bleeding#

Results*: expressed as mean±standard deviation; #: n (%)

LSG (n=46)

Postoperative
24 month

Expressed as mean±standard deviation

Co-morbidities#			NS

144

LRYGB		
Postoperative
(n=45)
Preoperative
12 month

1 (2.1)

2 (4.4)

Stapler line/
anastomosis leak#

1 (2.1)

3 (6.6)

Surgical site infection#

3 (6.3)

4 (8.8)

Anastomosis stricture#

-

2 (4.4)

Conversion to open surgery#

-

1 (2.2)

Mortality#

-

-

Results *: expressed as mean±standard deviation; #: n (%)
LSG: laparoscopic sleeve gastrectomy; LRYGB: laparoscopic Roux-en-Y gastric
bypass

application of endoscopic fibrin glue to the first two patients.
However, revision of jejunojejunostomy anastomosis was required with surgery in one patient. Two patients in the LRYGB
group needed balloon dilatation due to anastomotic stricture.
There was no conversion to open surgery in the LSG group or
the need for an extra port. One patient in the LRYGB group
required conversion to open surgery due to bleeding in short
gastric vessels.
DISCUSSION
The most important finding in this study is that LSG is as effective as LRYGB in improving weight loss and obesity related
comorbidities. However, when the results of the study were
evaluated it should be kept in mind that the study was retrospective, the groups were not randomized, and patients with
LSG had lower BMIs.
The complication rates are higher in LRYGB and it requires
advanced surgical experience. Although surgeons performing the operations in this study are experienced in laparoscopic procedures, the complication rates in the LRYGB
group were significantly higher than that in the LSG group. In
addition, vitamin and mineral deficiencies are common after
LRGB, and most patients require vitamin supplements for a
long time (6). LSG is superior to LRYGB in terms of nutritional
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deficiencies that may occur in the postoperative period (10).
Rapid transfer of stomach contents to the ileum after LRGB
is associated with induction of incretins that increase insulin
secretion and thus control of blood glucose levels (11). It is
known that LSG reduces gastric transit time and as a result it
provides early contact of gastric content with the ileum (12).
Several studies comparing LSG and LRYGB in terms of type
2 diabetes remission rate showed that the positive effect of
LRYGB on glucose metabolism is superior to that of LSG due
to its mal-absorptive component (13). However, there is no
consensus on this topic in the literature. There are studies advocating that both techniques have no significant superiority over each other in terms of blood glucose and HbA1c levels (14). According to the results of our study, LRYGB was not
found to have a statistically significant superiority over LSG
in terms of diabetes remission rate. We believe that by providing similar excess weight loss both techniques resulted in
elimination of insulin resistance and thus led to comparable
results in diabetes remission rate. In addition, elimination
of the gastric fundus, which plays an important role in the
secretion of ghrelin hormone, in both surgical techniques
can provide adequate appetite reduction in patients (15).
The gastric fundus is not resected in the LRYGB technique.
However, the study by Sundbom et al. (16) showed that vagal
denervation of the gastric fundus significantly reduced circulating ghrelin levels. As a result, it is known that any bariatric
operation that reduces circulating ghrelin levels provides effective weight loss in the early period (15).
Laparoscopic sleeve gastrectomy has become the most common bariatric surgical method worldwide because of its low
complication rate, short learning curve and ease of application
(17-19). The most important complications of LSG are hemorrhage and stapler line leakage. Although stapler line leaks are
reported at very low rates (0.74-1.7%), they have high clinical significance and may result in prolonged hospitalization,
increased morbidity, sepsis, multi-organ failure and death
(20-22). In the meta-analysis performed by Rausa et al. (23)
the reoperation rate after LRYGB was found to be 1.4-3.1%.
In addition, serious complications of LRYGB include bleeding
(1.4%), anastomotic stricture (1.4%), infection (1.0%), fistula
(0.5%), internal hernia (1.1%), and port site hernia (1.0%) (24).
When the long term results of both techniques are examined, it is reported that LRYGB is superior to LSG in terms of
weight loss and resolution of comorbidities. However, LSG can
achieve acceptable weight loss with sufficient improvement in
comorbidities at 5-year follow-up (25). It is also possible to apply a re-sleeve or gastric bypass technique if patients develop
symptoms of weight gain or gastro-esophageal reflux, since
they will have a lower body weight than their initial weight.
CONCLUSION
Laparoscopic sleeve gastrectomy, which is prefersred in obesity surgery with its volume-limiting effect, is a safe and effective method that can be applied with less complication rates
in comparison to LRYGB along with comparable results in the
treatment of obesity related metabolic syndrome.
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