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Purpose: Laparoscopic sleeve gastrectomy (SG) with loop duodenojejunal bypass (LDJB) is a combination 
of SG and one anastomosis gastric bypass surgeries. This study was intended to evaluate the safety and 
feasibility of SG-LDJB surgery. 
Methods: This was a retrospective study analyzing SG-LDJB surgery using 250-cm length biliopancreatic 
limbs that was performed between May 2013 and December 2017 in 113 Indians with obesity. All 
demographic, clinical, operative, and follow-up data were analyzed for weight loss and diabetes remission 
efficacy. Weight-loss success was defined as percentage of total weight loss (%TWL) ≥ 25%. Diabetes 
remission was defined as hemoglobin A1c < 6% without the need for antidiabetic medications. Safety and 
feasibility were analyzed in terms of intraoperative and postoperative complications and serum albumin, 
iron, and calcium levels.
Results: The %TWL was 35.0% and 31.0% at the 1-year and 3-year follow-ups, respectively. The weight-loss 
success rate was 91.3% and 78.1% at the 1-year and 3-year follow-ups, respectively. Sixty-six out of 113 
patients had type 2 diabetes. Diabetes remission was 80.0% and 75.4% at the 1-year and 3-year follow-ups, 
respectively. Major perioperative complications occurred in 0.9% of the patients. The 30-day mortality rate 
was zero. None of the patients had serum albumin levels of <3 g/dL at the 1-year and 3-year follow-ups or 
symptoms of hypoproteinemia.
Conclusion: SG-LDJB surgery using a 250-cm biliopancreatic limb is a safe and effective procedure to treat 
obesity. It is technically complex but has the advantages of endoscopic access to the stomach and negligible 
postoperative complications or hypoproteinemia.
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ORIGINAL ARTICLE

INTRODUCTION

Obesity is one of the most prevalent lifestyle diseases and has 
currently become a global pandemic [1]. Furthermore, it is one of 
the most frequent causes of type 2 diabetes. Attempts at manag-
ing severe obesity using methods such as diet and exercise have 
been found to be unsuccessful [2]. However, surgery is an effec-
tive method to manage both severe obesity and its associated 

comorbidities. There are several bariatric surgeries available, 
which suggests that no single procedure is suitable for all patients 
suffering from obesity [3].

Laparoscopic surgical options include sleeve gastrectomy (SG), 
Roux-en-Y gastric bypass (RYGB), one anastomosis gastric bypass 
(OAGB), and the most effective, biliopancreatic diversion (BPD) 
with duodenal switch (DS). One of the standard surgeries, RYGB, 
has several short- and long-term complications such as loss of 
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access to the gastric remnant, dumping syndrome, marginal ul-
cers, internal hernias, and vitamin deficiencies [4]. Postoperative 
complication rates of RYGB and SG are 3.02% and 2.12%, respec-
tively. The mortality rate was found to be between 0% and 1.5% 
in obese patients and higher in obese patients with comorbidities 
[5]. Other postoperative complications associated with bariatric 
surgeries include internal bleeding (2%), leakage, and deep vein 
thrombosis. Long-term complications are related to nutritional 
deficiencies that require long-term vitamin and mineral supple-
mentation [2].

Laparoscopic SG with loop duodenojejunal bypass (LDJB) 
surgery is a combination of SG and OAGB surgeries (Fig. 1). This 
surgery is, to some extent, aimed at addressing the limitations of 
standard bariatric surgeries such as SG and RYGB. It is similar to 
laparoscopic single anastomosis duodenoileal bypass with sleeve 
(SADI-S), but with a more proximal anastomosis. In SG-LDJB 
surgery, the jejunum, instead of the ileum, is anastomosed to the 
divided first part of the duodenum in a loop fashion, 200 to 250 
cm distal to the duodenojejunal f lexure. Pyloric preservation in 
SG-LDJB surgery reduces the risk of marginal ulcers and pre-
vents bile ref lux and dumping syndrome [4]. A reduction of mar-
ginal ulcer risk from 3% in RYGB to 0.3% in BPD-DS, and the 
absence of dumping syndrome in the later, is attributed to pres-
ervation of the pylorus [6]. The reduced number of anastomoses 
and mesenteric defects in SG-LDJB surgery reduces the incidence 
of anastomotic leaks and internal hernias [4]. However, available 
literature regarding SG-LDJB surgeries is limited. Therefore, this 
study was initiated to evaluate the safety and feasibility of SG-
LDJB surgery using a 250-cm biliopancreatic limb in Indian pa-
tients.

MATERIALS AND METHODS

This was a retrospective study conducted with 113 Indian pa-
tients between May 2013 and December 2017. Patients who un-
derwent SG-LDJB surgery with a 250-cm biliopancreatic limb for 
obesity were included in the study. Those who underwent SG-
LDJB surgery with a 200-cm biliopancreatic limb were excluded. 

In our SG-LDJB surgical technique, a total of four ports were 
used. The greater curvature of the stomach was devascularized 
up to the gastroesophageal fat pad using a vessel sealer. Dissec-
tion was continued 5 cm beyond the pylorus along the inferior 
margin of the duodenum. The first part of the duodenum (D1) 
was mobilized all around until the gastroduodenal artery was 
identified. The right gastric artery was identified and divided at 
its origin. Blood supply to D1 from the lesser omental vascular 
arcade was preserved. As D1 was completely mobilized by divid-
ing the right gastric artery, the only blood supply left to supply 
the gastric sleeve and D1 was the left gastric artery through the 
lesser omental vascular arcade. D1 was not divided immediately 
after completion of duodenal mobilization (Fig. 2). The gastric 
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Fig. 2.Fig. 2. Intraoperative photograph of completed duodenal dissection. L, 
liver; D1, first part of duodenum; CHA, common hepatic artery; S, stom-
ach; GDA, gastroduodenal artery; P, pancreas.SG
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Fig. 1.Fig. 1. Pictorial diagram of sleeve gastrectomy (SG) with loop duodenoje-
junal bypass (LDJB). DS, duodenal stump; BPL, biliopancreatic limb; CC, 
common channel.
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Fig. 3.Fig. 3. Intraoperative photograph of loop duodenojejunal bypass (LDJB). 
SG, sleeve gastrectomy; D1, first part of duodenum; BPL, biliopancreatic 
limb; CC, common channel. 
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sleeve was fashioned around a 12.7-mm gastric calibration tube 
starting 4 cm proximal to the pylorus. After completion of the 
gastric sleeve formation, D1 was transected 2 to 4 cm distal to 
the pylorus using staples. The division of the right gastric artery 
facilitated free mobility of D1 and the pyloric antrum. The jeju-
num, at the 250-cm mark from the duodenojejunal f lexure, was 
anastomosed to D1 in an antecolic loop fashion using 3-0 absorb-
able sutures in four layers (Fig. 3). The remaining bowel length 
was measured to ensure that the common channel length was a 
minimum of 400 cm.

Patients were ambulated on the first postoperative day. A leak 
check was performed via a contrast X-ray of the stomach, an 
ultrasound scan of the abdomen, and a complete blood picture 1 
week and 1 month following surgery. Patients were analyzed on 
the basis of weight, body mass index (BMI), percentage of total 
weight loss (%TWL), percentage of excess weight loss (%EWL) 
using a BMI reference point of 25 kg/m2, and hemoglobin A1c 
(HbA1c) levels at 1-year and 3-year follow-ups. Weight-loss suc-
cess was defined as %TWL ≥ 25%. 

Complete diabetes remission was defined as HbA1c < 6% with 
complete cessation of insulin or oral hypoglycemic agents [7,8]. 
Partial diabetes remission was defined as HbA1c ≥ 6% and < 6.5% 
in the absence of antidiabetic medications. Diabetes improvement 
was defined as a statistically significant reduction in HbA1c that 
did not meet the criteria for complete or partial remission or a 
decrease in the requirements for antidiabetic medications. ABCD 
scores were measured, and complete diabetes remission was ana-
lyzed with respect to this score using logistic regression analysis. 
Blood pressure that was within normal limits without the need 
for medications was considered as a remission of hypertension 
following surgery. Serum lipid levels that were within normal 
limits without the need for lipid-lowering medications was con-
sidered as a remission of hyperlipidemia following surgery. In 
those individuals with documented osteoarthritis, improvement 
in joint pain was considered to be a favorable response to surgery. 
In patients suffering from obstructive sleep apnea, the disap-
pearance or improvement in symptoms such as snoring, frequent 
awakening, nocturia, and daytime somnolence was considered a 
favorable response to surgery. These responses were documented 
at the 1-year and 3-year follow-ups. 

Serum albumin levels were measured and analyzed at the 
1-year and 3-year follow-ups. Hypoalbuminemia was defined as 
serum albumin levels < 3.5 g/dL. Hypoalbuminemia was consid-
ered mild when serum albumin levels were ≥3 g/dL and <3.5 g/dL 
and moderate when the levels were ≥2.5 g/dL and <3 g/dL. Severe 
hypoalbuminemia was defined as serum albumin levels < 2.5 g/
dL. Serum iron, calcium, and hemoglobin levels were also mea-
sured and analyzed at the 1-year and 3-year follow-ups. Serum 
iron levels < 50 μg/dL in females and < 65 μg/dL in males were 
considered low. Calcium deficiency was considered when serum 

calcium levels were <8.8 g/dL. Anemia was defined as hemoglo-
bin levels < 12 g/dL in females and < 13 g/dL in males. IBM SPSS 
version 23 (IBM Corp., Armonk, NY, USA) was used to perform 
the statistical analysis. The p values of <0.05 were considered sta-
tistically significant.

RESULTS

Between May 2013 and December 2017, SG-LDJB surgery was 
performed on 126 patients with obesity. Of these, 113 had bil-
iopancreatic limb lengths fixed at 250 cm, and their data were 
analyzed. Intraoperatively, 16 patients developed mild duodenal 
discoloration, which disappeared by the end of surgery. None of 
the patients developed D1 necrosis. Six patients (5.3%) had um-
bilical hernias of <5 cm, which were repaired with interrupted, 
nonabsorbable No. 1-0 prolene sutures. Mesh repair was deferred 
given concomitant duodenojejunal anastomosis. Eleven patients 
(9.7%) underwent concomitant adhesiolysis, and six patients (5.3%) 
underwent concomitant laparoscopic cholecystectomies. Intraop-
erative complications occurred in three patients (2.7%). In one pa-
tient, the common hepatic duct was injured during the cholecys-
tectomy. This was sutured with interrupted 4-0 polydioxanone 
sutures. An accidental deep pancreatic head injury occurred in 
one patient and a full thickness injury of the D1 in another. The 
duodenal injury was included in the opening created for duode-
nojejunal anastomosis. These three patients recovered well with-
out postoperative complications.

The mean hospital stay was 3 days (range, 2–7 days). Major 
postoperative complications occurred in one patient (0.9%). This 
patient developed extensive portal vein thrombosis on the tenth 
postoperative day, which occurred despite keeping the patient 
on prophylactic anticoagulation with factor Xa inhibitors. The 
patient was treated conservatively with long-term oral factor Xa 
inhibitors. There was no leakage or deep vein thrombosis in any 
of the patients and the 30-day mortality rate was zero.

There were no major intraoperative or postoperative intraab-
dominal bleeding complications. Two patients were found to 
have small hematomas adjacent to the duodenal stump, at the site 
of gastroduodenal artery, 2 weeks postsurgery. These were most 
likely due to postoperative bleeding from the divided branches 
of the gastroduodenal artery. The hematomas resolved spontane-
ously. One patient developed ecchymosis over the right f lank, as 
a complication of postoperative anticoagulation. This resolved 
after anticoagulants were stopped.

Two patients developed pneumonia, which resolved after the 
administration of broad-spectrum antibiotics. Postoperative 
milestones of 1-year and 3-year follow-ups were achieved in 113 
and 91 patients, respectively. Of these, 92 (81.4%) and 73 (80.2%) 
were available at the 1-year and 3-year follow-ups, respectively. 
Twenty-one (18.6%) and 18 (19.8%) patients were lost to follow-up 
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at the 1-year and 3-year follow-ups, respectively.
The mean weights and BMIs at different time intervals are 

shown in Table 1. %TWL and %EWL (with a BMI reference point 
of 25 kg/m2) were calculated at the 1-year and 3-year follow-
ups and are shown in Table 1. Weight loss was significant at the 
1-year and 3-year follow-ups compared to the preoperative weight 
(Table 1). The weight-loss success rate was 91.3% and 78.1% at the 
1 and 3-year follow-ups, respectively, with %TWL of ≥25% taken 
as a reference point (Table 1). There was inadequate weight loss 
in 8.7% (8 of 92) and 21.9% (16 of 73) of patients at the 1-year and 
3-year follow-ups, respectively, with %TWL falling below 25%.

HbA1c level, complete diabetes remission, partial diabetes 
remission, and diabetes improvement at the 1-year and 3-year 
follow-ups are shown in Table 2. HbA1c was significantly lower 
at the 1-year and 3-year follow-ups compared to preoperative 

values. Complete diabetes remission was 80.0% and 75.4% at the 
1-year and 3-year follow-ups, respectively. The remaining patients 
were either in partial diabetes remission or the diabetes improve-
ment category at the 1-year and 3-year follow-ups (Table 2). None 
of the patients experienced diabetes deterioration. ABCD scores 
positively predicted complete diabetes remission (logistic regres-
sion analysis: B = 0.771, p = 0.002 and B = 1.023, p = 0.001 at the 
1-year and 3-year follow-ups, respectively). Patients with higher 
ABCD scores had significantly better complete diabetes remis-
sion.

The incidence of various comorbidities and patient responses 
to surgery at the 1-year and 3-year follow-ups are shown in Table 
3. Three patients developed cancer during the postoperative fol-
low-up. One had carcinoma of the head of the pancreas, one had 
pyloric antral carcinoma, and the other had breast cancer 2 years 

Table 1.Table 1. Weight parameters

ParameterParameter TimeTime NumberNumber ValueValue pp value valuea)a)

Weight (kg) Preoperative (A) 113 117.35 ± 15.62

1 yr (B) 92 76.06 ± 11.4 <0.001 (A–B)

3 yr (C) 73 79.52 ± 12.54 <0.001 (A–C)

Body mass index (kg/m2) Preoperative (A) 113 41.21 ± 5.73

1 yr (B) 92 26.92 ± 3.85 <0.001 (A–B)

3 yr (C) 73 28.45 ± 4.37 <0.001 (A–C)

%TWL 1 yr (B) 92 34.96 ± 5.99

3 yr (C) 73 31.02 ± 7.52

%EWL 1 yr (B) 92 95.04 ± 25.82

3 yr (C) 73 84.5 ± 25.59

Weight loss success rate,  
%TWL ≥ 25%: < 25%

1 yr 92 84:8 (91.3:8.7)

3 yr 73 57:16 (78.1:21.9)

Values are presented as mean ± standard deviation or number (%). 
%TWL, percentage of total weight loss; %EWL, percentage of excess weight loss.
a)Paired samples t test. 

Table 2.Table 2. Analysis of HbA1c and diabetes response

ParameterParameter TimeTime NumberNumber ValueValue pp value valuea)a)

HbA1c (%) Preoperative (A) 66 7.79 ± 1.48

1 yr (B) 65 5.56 ± 0.67 <0.001 (A–B)

3 yr (C) 61 5.58 ± 0.55 <0.001 (A–C)

Response, CR:PR:DI 1 yr 65 52:6:7 (80.0:9.2:10.8)

3 yr 61 46:8:7 (75.4:13.1:11.5)

Values are presented as mean ± standard deviation or number (%). 
HbA1c, hemoglobin A1c; CR, complete diabetes remission; PR, partial diabetes remission; DI, diabetes improvement.
a)Paired samples t test. 
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following surgery. All three had obesity with type 2 diabetes be-
fore surgery. These patients received surgical treatment for their 
respective cancers, as well as chemotherapy. The patient with 
pyloric antral carcinoma lost his life due to reasons unrelated to 
either cancer or the bariatric surgery 3 years following surgery. 
The remaining two patients are currently leading active lives.

None of the patients suffered from gastroesophageal ref lux 
disease prior to surgery. However, 3.3% (3 of 92) of the patients 
developed symptomatic gastroesophageal ref lux disease by the 
1-year follow-up, which required occasional treatment with 
proton pump inhibitors. None of the patients developed clinical 
manifestations suggestive of dumping syndrome or internal her-
nias. Upon investigation, 33.7% and 31.5% of patients were found 
to have low serum iron levels and 39.1% and 15.1% of patients 
had asymptomatic calcium deficiencies at the 1-year and 3-year 
follow-ups, respectively. Anemia was noted in 29.4% and 30.1% of 
patients at the 1-year and 3-year follow-up intervals, respectively. 
These patients responded to oral supplements. Hypoalbumin-
emia was observed in 13.0% and 6.9% at the 1-year and 3-year 
follow-ups, respectively. None of the patients had serum albumin 
levels of <3 g/dL at either follow-up period. Furthermore, none of 
the patients developed symptoms of protein energy malnutrition. 
Three patients developed chronic diarrhea at the 1-year follow-
up, which was controlled with antispasmodics.

DISCUSSION

Bariatric surgery is a highly effective method for the treatment 
of obesity and type 2 diabetes. SG surgery is simple and easy to 
perform, but weight regain and the recurrence of comorbidities is 
high over time [9]. RYGB surgery is the gold standard surgery to 
treat obesity [10]. However, it has limitations such as a prolonged 
learning curve, endoscopic inaccessibility for the monitoring 
of the remnant stomach (at-risk gastric remnant), an increased 
risk of calcium and iron deficiencies (despite the administra-
tion of oral supplements) due to an excluded proximal bowel, 
an increased risk of dumping syndrome due to the exclusion of 
the pylorus, and internal hernias [11–14]. OAGB surgery has re-
cently become quite popular because of its technical simplicity 

and increased effectiveness. It addresses the problem of internal 
hernias associated with RYGB surgery; although, the other prob-
lems mentioned persist [15]. BPD-DS is the most effective surgery, 
both in terms of weight loss and diabetes remission, as hormonal 
changes are maximized when food empties directly into the 
distal ileum. However, malabsorption is increased as most of the 
bowel is bypassed [16].

Huang et al. [17] have proposed using SG-LDJB surgery to ad-
dress the limitations associated with standard surgeries such as 
SG and RYGB. Various loop DS surgeries have been described in 
the literature that use different biliopancreatic limb and common 
channel lengths [18]. SG-LDJB surgery is a combination of SG and 
OAGB surgeries using a fixed biliopancreatic limb length to ad-
dress the malabsorption associated with BPD-DS surgery. To sim-
plify the surgery, we modified the SG-LDJB surgical technique 
by dividing the right gastric artery at its origin and teasing the 
lesser omentum anterior to the caudate lobe before transecting 
D1. This modification helped to complete the mobilization of the 
pyloric antrum and D1. As a result, the gastric sleeve and divided 
D1 were supplied only by the left gastric pedicle and anchored by 
the esophagus and lesser omental vascular arcade. Advantages of 
this modification include being technically simple, allowing for 
the free movement of the pyloric antrum and D1, and facilitat-
ing tension-free anastomosis with the jejunum. Moreover, there 
is no need to divide the omentum to facilitate the anastomosis, 
and none of the patients in our study required omental division. 
While the resultant gap behind the loop duodenojejunal anasto-
mosis was quite large, it probably obviates the possibility of intes-
tinal obstruction or strangulation, even if small intestinal loops 
enter the gap behind the anastomosis. In SG-LDJB surgery, the 
loop duodenojejunal anastomosis is anatomical from end-to-side. 
Dallegrave Marchesini [19] has proposed the division of the right 
gastric artery while performing loop DS surgeries, while Gebelli 
et al. [20] has shown that SADI-S surgery with right gastric artery 
ligation can be performed safely.

While this modification is simple and facilitates tension-free 
anastomosis, it has few disadvantages. As the left gastric artery 
is the only feeding vessel to the lesser omental vascular arcade 
supplying D1, the blood supply to D1 may be compromised if 

Table 3.Table 3. Response of comorbid conditions

Comorbid conditionComorbid condition Patient (n = 113)Patient (n = 113)
Response at follow-upResponse at follow-up

1 yr 1 yr 3 yr3 yr

Hypertension 45 (39.8) 33/42 (78.6) 31/39 (79.5)

Hyperlipidemia 30 (26.5) 18/27 (66.7) 16/24 (66.7)

Osteoarthritis 20 (17.7) 12/18 (66.7) 11/17 (64.7)

Obstructive sleep apnea 28 (24.8) 20/24 (83.3) 15/19 (78.9)

Values are presented as number (%).
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the lesser omental vascular arcade branches to D1 are not pre-
served, which would lead to ischemia and an increased risk of 
leak. While transient discoloration of the duodenal mucosa was 
observed in some of our patients (severe discoloration warrants 
resection of the D1), this disappeared when the anastomosis was 
completed. As the majority of the nerve supply to the pylorus 
comes through the nerve plexus around the right gastric artery, 
this modification could result in vagal denervation of the pylo-
rus, compromising the function of the pyloric sphincter in some 
patients.

The anastomosis of the jejunum to a divided D1 in a Roux-
en-Y fashion has been described by Kasama et al. [21] (SG with 
duodenojejunal bypass). In comparison, our loop anastomosis is 
simpler and with a reduced number of anastomoses and mesen-
teric gaps. By using loop rather than Roux-en-Y anastomosis, an-
tecolic rather than retrocolic anastomosis, and the division of the 
right gastric artery with the free lying D1, this may translate into 
a reduced risk of internal hernias as the number of mesenteric 
gaps are reduced. Endoscopic surveillance of the gastric sleeve is 
possible after SG-LDJB surgery; hence, there is no ‘at-risk’ gastric 
remnant. The pylorus was preserved in our surgeries, which may 
reduce dumping syndrome to some extent, but it cannot be en-
tirely avoided [4].

This study demonstrates that patients can achieve significant 
weight loss following SG-LDJB surgery, which is sustainable over 
a period of several years. While there was some weight regain 
at the 3-year follow-up, more than 75% of patients maintained a 
%TWL ≥ 25%, indicating that SG-LDJB surgery was highly ef-
fective in terms of weight loss. Maciejewski et al. [22] showed that 
weight regain after RYGB was 3.4% at the 10-year follow-up. Nor 
Hanipah et al. [23] found a significant drop in BMI from 30.2 ± 5.1 
to 22.9 ± 5.6 kg/m2 after 2 years in 163 patients who underwent 
SG-LDJB surgery. Our study also showed that a significant per-
centage of patients achieved and maintained diabetes remission 
over a period of several years. This is also in accordance with 
Huang et al. [4] who showed complete and partial diabetes remis-
sion in 30% and 16.7%, respectively, of RYGB surgery patients 
and in 36.7% and 16.7%, respectively, of SG-LDJB patients at a 
1-year follow-up.

The digestion and absorption of nutrients primarily occur in 
the duodenum and proximal jejunum [24]. The duodenum, in 
particular, plays an important role in the absorption of miner-
als under states of deficiency [25,26]. In SG-LDJB surgery, the 
calcium and iron deficiency risk is theoretically low as the D1 is 
preserved. While some of our patients had low serum iron levels 
and asymptomatic calcium deficiencies, they responded well to 
oral supplements. This response may be related to the preserva-
tion of D1. The major complication rate in this study was 0.9%, 
which was low. Nor Hanipah et al. [23] had a complication rate of 
3.6% after SG-LDJB surgery, which required reoperation. None 

of the patients in this study developed symptoms suggestive of 
dumping syndrome or internal hernias. Internal hernias are one 
of the most common complications of RYGB surgery. According 
to one meta-analysis, the incidence of internal hernia was found 
to be 1% in patients who underwent RYGB surgery with antecolic 
Roux limbs and closure of mesenteric and Petersen defects [4].

Obesity and diabetes increase the risk for cancer [27,28], and 
bariatric surgery reduces this risk [29]. In this study, three pa-
tients with obesity and diabetes were found to have cancer at the 
2-year follow-up. Obesity itself, coupled with other comorbidities, 
was thought to be responsible for these cancers, and bariatric 
surgery was unable to prevent the development and progression 
of cancers in these patients. While SG-LDJB surgery was not per-
formed in patients with gastroesophageal ref lux disease, the in-
cidence of postoperative gastroesophageal ref lux was very low in 
this study. The modification of dividing the right gastric artery 
and keeping the sleeve and D1 in the vertical position may have 
reduced the ref lux.

There are several limitations associated with SG-LDJB surgery. 
It is a technically complex procedure with a steep learning curve; 
access to the biliary tract, moreover, is lost in SG-LDJB surgery as 
the second part of the duodenum is excluded. However, our re-
sults indicate that SG-LDJB is a safe surgery to treat patients suf-
fering from obesity and diabetes. Long-term data from multiple 
centers is desirable to standardize and evaluate the exact efficacy 
of this novel surgery.
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