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Abstract

Background Roux-en-Y gastric bypass (RYGBP) is a

validated technique for the treatment of morbid obesity and

results in a significant rate of remission of type 2 diabetes

(T2D). Omega gastric bypass (OGBP) is an effective and

simpler alternative for weight loss, but its effect on T2D is

unclear.

Methods Between December 2006 and September 2012,

804 laparoscopic OGBPs were carried out in our centre.

Among these, 100 (12.4 %) patients had T2D at the time of

the intervention. Remission of T2D was defined by a gly-

cated haemoglobin (HbA1c) level of \6 % without con-

comitant treatment.

Results Postoperative follow-up was completed by 81

patients (mean age: 49 ± 11 years; mean weight at surgery:

133 ± 29 kg; mean body mass index (BMI): 47 ± 9

kg/m2). Mean preoperative HbA1c was 8 ± 2 g/dL. Before

OGBP, seven patients (9 %) had received no oral hypogly-

caemic treatment, 30 (37 %) had received monotherapy, 26

(32 %) bitherapy, six (7 %) tritherapy and 12 (15 %)

patients had used insulin. Over a mean follow-up of

26 months (range 1–75), mean weight decreased to 94 ±

23 kg and mean BMI to 35 kg/m2. Seventy-one (88 %)

patients had complete remission of T2D and the other 10

(12 %) had reduced their treatment. Seven patients (58 %)

initially treated with insulin no longer required this treat-

ment. Mean time to remission of T2D for patients receiving

one or more oral therapies versus insulin was 6.9 versus

17.9 months.

Conclusions OMBP is effective treatment for obesity in

terms of weight loss and remission of T2D.
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The effect of bariatric surgery on type 2 diabetes (T2D) is

unclear. However, an increasing number of publications

report an improvement or even remission of T2D in obese

patients who have undergone bariatric surgery [1–3].

Among the different procedures used, gastric by-pass [4]

and bilio-pancreatic diversions (BPD) [5] appear to bring

about the best long-term results when compared to restric-

tive techniques. Omega loop gastric bypass (OGBP), origi-

nally described by Rutledge [6], is a recent mixed technique

(restrictive ? reduced absorption), which appears to give

similar results in terms of weight loss to those obtained with

Roux-en-Y gastric bypass (RYGBP) [7]. OGBP is simpler

and quicker to perform than RYGBP and is associated with

fewer complications. However, the effects of this technique

on T2D remain to be completely known [8].

We analysed the outcome of OGBP on remission of

T2D in obese patients undergoing bariatric surgery in our

hospital. The criteria studied included change in body

weight, body mass index (BMI) and glycated haemoglobin

(HbA1C), as well as any modifications to hypoglycaemic

treatment short- and long-term. Finally, the results were

analysed for between group differences in order to identify

predictive factors for T2D improvement.
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Patients and methods

Study design and patients

This retrospective, monocentre study was carried out in the

Department of Digestive Surgery, Georges Pompidou

Hospital, Paris, France, between 2006 and 2012. The aim

was to evaluate the effects of OGBP on T2D. The inclusion

criteria were a preoperative diagnosis of T2D with or

without hypoglycaemic treatment and a history of first-line

or second-line OGBP after simple restrictive surgery

(gastric banding).

Obese patients who presented with criteria for bariatric

surgery were evaluated preoperatively according to the

recommendations of the Haute Autorité de Santé. A com-

plete blood examination was carried out routinely (thyroid

hormones, fatty acids, glycaemia, vitamins and proteins).

When an anomaly in fasting blood glucose (FBG) or

HbA1c level was discovered (FBG[ 1.2 g/dL or

HbA1c[ 6.5 %), the patients were referred to the diabe-

tology department for a complete 5-day assessment. During

this assessment, the duration of diabetes and possible sec-

ondary complications were investigated and optimal hy-

poglycaemic treatment was initiated.

The patients were followed by the diabetology team

until a satisfactory HbA1c level was obtained. The patients

were finally discussed in a multidisciplinary meeting to

validate the indication for surgical treatment.

Data analysed

The following data were analysed in order to investigate

the independent factors for remission of T2D: (i) treat-

ment-related: number of patients requiring one, two or

three oral hypoglycaemic treatments and patients requiring

an injectable treatment (±oral treatment); (ii) BMI:\40,

40–50 or[50 kg/m2; (iii) duration of diabetes:[3

or\3 years; and (iv) preoperative diabetic control: initial

HbA1c B6.5 %.

Surgical procedure

OGBP was carried out by laparoscopy in all patients. The

surgical procedure consisted of the creation of a long

gastric sleeve (sleeve gastrectomy) using a calibration

probe from 34 to 36 Fr and a mechanical linear anasto-

mosis with the small intestine, 2 m from the angle of

Treitz. Despite being proposed by some authors, the length

of the excluded loop was not varied according to BMI.

Water tightness of the anastomosis was determined per-

operatively using methylene blue. A gastric catheter was

systematically left in situ on the anastomosis until day 1.

The gastric catheter was removed after measuring the level

of C-reactive protein (limit: B300), clinical evaluation and

measurement of heart rate (limit: 120 bpm). In the case of

an anomaly, a high resolution scan was carried out before

gastric catheter removal. An aspiration drain was inserted

systematically during surgery below the anastomosis, along

the line of stapling of the gastric sleeve.

Feeding was recommenced on day 2 with the introduc-

tion of drinks and was progressively enriched in texture

and quantity. All patients received vitamin, zinc, iron and

protein supplements from the start. Protective gastric

treatment with a protein pump inhibitor was associated

with supplementation.

An initial postoperative consultation was carried out by

the surgeon 1 month after OGBP. A second consultation

was carried out at 3 months and was combined with a

consultation with a dietician. During this consultation,

blood count, vitamin and ion deficiency, lipid and blood

glucose examinations were performed (FBG and HbA1c).

Combined follow-up was carried out every 3 months dur-

ing the first year, every 6 months during the second year,

and at least once per year during successive years.

Diabetes remission was defined by a reduction in HbA1c

below 6 %, without the need for hypoglycaemic treatment,

and FBG\ 7 mmol/L. Diabetes improvement was defined

as a postoperative reduction of treatment (drug number or

dosage), HbA1c\ 6.5 % and discontinuation of injectable

hypoglycaemic drugs in patients who needed them before

surgery. Remission rate and mean time to remission or

improvement of diabetes were determined in all patients

and in the subgroups described above (see ‘‘Data

analysed’’).

Results

Characteristics of the patients

A total of 804 obese patients underwent OGBP surgery

between 2006 and 2012. One-hundred (12.4 %) patients

with T2D were selected and 81 of these completed the

follow-up (mean follow-up time: 26.4 months (range

1–75)). Mean age of the patients at OGBP was

48.5 ± 10.8 years, mean weight was 132.9 ± 28.6 kg and

mean BMI was 47.1 ± 8.5 kg/m2. Mean HbAlc level was

7.7 ± 1.9 %.

Among the 81 patients, seven (8 %) had stable HbAlc

levels around 6.5 % and received no hypoglycaemic treat-

ment, 30 (37 %) received one oral treatment, 26 (32 %) two,

six (7 %) three and 12 (14 %) required insulin. Three-

quarters (82.5 %) of the patients had controlled diabetes and

27.5 % had uncontrolled diabetes (HbA1c[6.5 % despite

treatment).
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Clinical and biochemical characteristics post-OGBP

surgery

Weight loss

For the 804 OGBPs performed, excess weight loss (EWL) at

3 years was 76 % and mean BMI reached was 30.3 kg/m2.

EWL was significantly greater in the diabetic group than in

the non-diabetic group (61.9 ± 32.2 vs. 54.4 ± 34.1 %,

respectively; p = 0.049). At 3 years, mean weight in the

diabetic patients was 93.9 ± 22.5 kg and mean BMI was

34.7 kg/m2 (Fig. 1).

Remission/improvement of diabetes

At 2 years, 71/81 patients (87.6 %) had complete remission

and 10 (12.3 %) had an improvement in their diabetes

(Fig. 2). Injectable hypoglycaemic treatment was stopped

in 58.3 % of patients. In the seven patients not receiving

hypoglycaemic treatment at the time of OGBP, the

remission rate was 100 %. The mean time to remission was

1.3 months (range 0–9 months).

In patients receiving a single treatment (n = 30), the

remission rate was 93.3 % (28/30) with a mean time to

remission of 7 months. The other two patients in this group had

an improvement in their diabetes at 26 and 28 months,

respectively. Patients treated with bitherapy had a remission

rate of 96 % (25/26) and a mean time to remission of

7.5 months. The other patient in this group had an improve-

ment in their diabetes at 58 months. In the patients receiving

three oral hypoglycaemic drugs (n = 6), the remission ratewas

66.6 % and the mean time to remission was 4.3 months. Two

patients in this group (33.3 %) had an improvement in their

diabetes at 9 and 12 months, respectively.

The results were less marked in patients treated with

injectable hypoglycaemic drugs. In these 12 patients, the

remission rate was 50 % and the mean time to remission

was 18 months. Nevertheless, the rate of improvement

overall was 100 % (mean time to improvement of

5.7 months). Remission of diabetes was significantly

higher in patients who were not receiving injectable hy-

poglycaemic treatment before surgery than in those who

were (p\ 0.001) (Fig. 3).

The 81 patientswere divided into three groups according to

their initial BMI: (i) Group 1: BMI\ 40; (ii) Group 2: BMI

40–50; (iii) Group 3: BMI[ 50. Group 1 (n = 15) had a

diabetes remission rate of 80 % and an improvement rate of

20 %. Mean follow-up was 26.5 months (range 3–65) and

mean weight was 78.5 kg (range 54–91). Group 2 (n = 37)

had a remission rate of 86.6 % and an improvement rate of

13.5 %. Mean follow-up was 21 months (range 1–60) and

mean weight was 89.8 kg (57–134.5). In Group 3 (n = 24),

the rate of remission was 91.7 % and the improvement rate

was 8.3 % (Fig. 4). Mean follow-up was 33.5 months (range

3–75) andmeanweightwas 109 kg (range 60–167). Itwas not

possible to demonstrate a significant difference in remission

rate as a function of BMI however due to the small group size.

Preoperative HbA1c levels were only available for

62/81 patients. The other 19 patients were therefore

excluded from this analysis. Forty-five patients had poorly

controlled diabetes despite treatment. The mean BMI of

this group was 46.7 kg/m2 (no treatment (n = 4), mono-

therapy (n = 13), biotherapy (n = 14), tritherapy (n = 6)

and injectable drugs (n = 8)). Mean follow-up of this

group was 26.6 months. The rate of remission was 84.4 %

and the improvement rate was 15.6 %. Seventeen patients

had well controlled diabetes preoperatively. Mean BMI of

this group was 50.2 kg/m2 (no treatment (n = 1), mono-

therapy (n = 9), biotherapy (n = 5), tritherapy (n = 0)

and injectable drugs (n = 2)). Mean follow-up of this

group was 32.4 months. The remission rate was 88.2 %

and the improvement rate was 11.8 %. It was not possible

to demonstrate a significant difference in remission rate

between these two groups due to the small group size.

Finally, the results were analysed as a function of the

duration of diabetes. Only 39/81 patients had a diagnosisFig. 1 Weight evolution after surgery

Fig. 2 Evolution of glycated hemoglobin after surgery
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with a specified date and were included in this analysis.

Duration of 3 years was chosen as a limit to obtain two

homogenous groups: 16 patients with diabetes for\3 years

and 23 patients with diabetes for[3 years. Mean follow-up

was 25 months. Patients with recent diabetes had a mean

weight of 149 kg and a mean BMI of 52, whereas patients

with diabetes for[3 years had a mean weight of 127 kg and

a mean BMI of 46. Patients with diabetes for\3 years had a

higher remission rate over follow-up than those with diabetes

for[3 years. The values tended to show a plateau in each

group (Fig. 5), with a remission rate of 93.7 % in patients

with a recent diagnosis (and an improvement rate of 6.3 %)

versus 68 % for patients with a diagnosis of[3 years (and an

improvement rate of 32 %). Once again, it was not possible

to demonstrate a significant difference in remission rate

between these two groups due to the small group size.

Rate of complications post-OGBP

The rate of complications after OGBP surgery was

15:7.5 % early complications and 7.5 % late complica-

tions. There was no significant difference in complication

rate between diabetic and non-diabetic patients. Only 5 %

of complications that occurred in diabetic patients required

a new surgical intervention (vs. 3.2 % in the non-diabetic

group); 2.5 % were early and 2.5 % late (Table 1).

Discussion

RYGBP is a validated intervention and the treatment of

choice for T2D in obese patients and its indications have

progressively extended to non-obese patients with T2D [9–

13]. However, this procedure is complicated to perform

and is associated with a high rate of complications when

performed by untrained surgeons. OGBP, which has been

developed more recently, could therefore be a serious

alternative. Studies comparing these two procedures have

emphasised the speed and reduced rate of morbidity of

OGBP when compared to RYGBP, with similar results in

Fig. 3 Evolution of

hypoglycemic treatment before

and after surgery

Fig. 4 Diabetes remission rate according to BMI

Fig. 5 Remission rate according to duration of diabetes

Table 1 Rate of complications

post-omega gastric by-pass
Management Early complication Late complication

Surgical Conservative Surgical Conservative

Bleeding (%) 1 (1.2) 1 (1.2) – 1 (1.2)

Leakage (%) 1 (1.2) 1 (1.2) – –

Marginal ulcer (%) – – 1 (1.2) 3 (3.7)

Abcess (%) – – 1 (1.2) 2 (2.4)

Pulmonary embolism (%) – 2 (2.4) – –
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terms of weight loss and diabetes remission [14–19]. These

results have been confirmed in small groups of non-obese

subjects with T2D [20, 21].

Preoperative BMI, weight loss, age, sex, hypoglycaemic

drug use and diabetes duration also have an influence on

the rate of remission and re-emergence of diabetes [1, 2, 4,

10, 22–30]. The outcome of OGBP in terms of weight loss

is excellent, with a weight loss at 3 years that is compa-

rable or even superior to that reported for RYGBP. In

parallel, the rate of complete remission of T2D at 2 years is

remarkable and lies between that obtained with RYGBP

and BPD [9, 31–34]. If the weight loss is maintained over

time, it could constitute a factor for long-term remission

which is better than that obtained with RYGBP [4, 9, 23,

24, 29]. In our patients, preoperative BMI was not a pre-

dictive factor for remission of diabetes, even though the

results were better in patients with a higher BMI. The role

of preoperative BMI in the response to bariatric surgery

remains controversial and few authors have demonstrated a

link with remission rate [1, 9].

It is clear that the risk of developing T2D increases with

an increase in BMI, but the severity of T2D in patients with

a low BMI seems to implicate a deficiency in insulin

secretion rather than a phenomenon of insulin resistance

[22, 25, 27, 35]. The duration of diabetes would confirm

this hypothesis, with a better �reserve� for insulin

secretion in obese patients recently affected by T2D [3, 10,

21–27, 30]. Our results are similar to those published

previously, with a higher rate of response in patients with

recent diabetes. The absence of a significant difference was

probably related to the small group sizes.

Insulin requirement is widely recognised as a predictive

factor for poor response and for re-emergence of T2D [4, 10,

19, 22, 25]. Our experience confirms this finding. In general,

better results were obtained for patients with easier glycae-

mic control (diet and monotherapy). This difference, once

again, lacked statistical power due to the small group sizes.

Preoperative HbA1c appears to be predictive for

remission of T2D in many studies [4, 10, 22] since poorly

controlled diabetes will be less sensitive to the improve-

ment in insulin response post-surgery, given the probable

pre-existing deficit in secretion by B-cells in the pancreas

[36–42]. Our data are similar to those published previously,

without significant superiority of the group with well-

controlled diabetes pre-surgery.

Our results favour the use of OGBP for the treatment of

T2D in obese patients. The rates of remission and

improvement are similar to those reported with BPD, and

the associated weight loss is at least equivalent to that

reported with RYGBP.

Our complication rate with OGBP is low. We have never

diagnosed severe hypoglycaemia or dumping syndrome in

our patients. Furthermore, we have only performed five Y

conversions, carried out four times for destabilising reflux in

patients with a mean postoperative BMI of 25 kg/m2 and

once for an anastomotic ulcer resistant to medical treatment.

These initial results suggest that OGBP could be con-

sidered as a first-line alternative to RYGBP in obese dia-

betic patients, due to the excellent results in terms of

remission and weight loss, associated with reduced mor-

bidity and a simple operative procedure. Studies with larger

group sizes are necessary to validate these results.
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