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ABSTRACT 
 

Background 

Laparoscopic sleeve gastrectomy (LSG) is the most 

commonly performed bariatric operation. Its efficacy for 

both weight loss and comorbidity resolution in the morbidly 

obese has been well established. 

Aims 

Outcomes in the obese but lower body mass index (BMI) 

group are not well researched. We report short term 

outcomes in a patient cohort with a BMI ≤ 35 kg/m
2
. 

Methods  

Consecutive patients with a BMI ≤ 35 kg/m
2
 who underwent 

primary LSG at a single institution between 2010 and 2020 

were reviewed from a prospectively collected database. 

Weight loss outcomes and complications were documented. 

Results  

Two hundred and seventy eight patients were included with 

a mean preoperative BMI of 33.2 kg/m
2
 and mean age of 45 

years.  Mean percentage excess weight loss (per cent EWL) 

was 97 per cent and 116 per cent at 6 and 12 months 

respectively. Clavien-Dindo grade III-V complications 

occurred in 3.6 per cent of patients and there were no 

patient deaths. 

Conclusion 

These findings demonstrate that in patients with a BMI ≤ 35 

kg/m
2
, LSG provides effective short term weight loss with 

low rates of postoperative complications.  
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What this study adds:  

1. What is known about this subject?  

Overweight and obese patients with a BMI ≤35kg/m
2 

are at 

increased risk of obesity-related comorbidities. LSG 

outcomes in this cohort are not well researched. 

2. What new information is offered in this study? 

In overweight and obese patients with a BMI ≤35kg/m
2
, LSG 

provides effective short term weight loss with low rates of 

postoperative complications. 

3. What are the implications for research, policy, or 

practice?  

LSG may be beneficial for obesity management in lower BMI 

patients who, without intervention, remain at risk of 

ongoing weight gain and obesity-related comorbidities. 

 

Background 

Global obesity rates continue to rise. In Australia, it is 

estimated that 63.4 per cent of adults are overweight or 

obese
1
. As a result, the prevalence of obesity-related 

comorbidities (including type 2 diabetes mellitus, 

cardiovascular disease and malignancy
1-4

) is also increasing, 

and obesity-related disease accounts for 3.4 million deaths 

per year
5
. 

Laparoscopic sleeve gastrectomy (LSG) is the most 

commonly performed surgical intervention for the 

management of obesity and it continues to grow in 

popularity worldwide
6
. Its efficacy with regards to sustained 

weight loss and comorbidity resolution
7,8

 as well as its 

operative safety and cost effectiveness,
9
 is well established 

in the morbidly obese. However, a group of patients often 

excluded from bariatric surgical intervention are overweight 

and obese patients with a body mass index (BMI) ≤ 35 

kg/m
2
. Without access to surgical intervention, this cohort 

remains at risk of ongoing weight gain
10

 and thereby the 

comorbid complications of obesity and its significant 
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psychological impact.
1-4

  

Only a small number of studies have investigated LSG 

outcomes in this lower BMI group. We report short term 

weight loss and operative safety outcomes in a patient 

group with a BMI ≤ 35 kg/m
2
. 

 

Method 
Study design and patient population 

All patients with a BMI ≤ 35 kg/m
2
 who underwent primary 

LSG performed by a single surgeon, at a single institution in 

Brisbane, Australia between 2010 and 2020 were included 

in a prospectively collected database. Ethics approval was 

obtained prior to commencement (SVHAC HREC 18/08).  

While there were no exclusion criteria, patients were 

required to cease other weight loss therapies (including 

phentermine and very low calorie diets) to participate. 

Preoperatively, patients also underwent extensive review by 

a multidisciplinary team comprised of a surgeon, dietician, 

psychologist and nurse practitioner. A delay of 2 to 3 

months after the initial surgical consult, followed by a 

second surgical consult, was mandatory for all patients prior 

to surgery. Patients were also required to document their 

understanding of the surgical, medical and medicolegal 

risks, current guidelines, previous weight loss attempts, and 

commitment to lifestyle change and ongoing follow up. 

A BMI of 25 kg/m
2
 was used as ideal body weight for all 

calculations and weight loss outcomes were reported as 

percentage excess weight loss (per cent EWL). 

Surgical technique 

A standard LSG was performed for all patients. The same 

procedure was performed irrespective of patient BMI, using 

the same technique as is used for patients with a BMI 

≥35kg/m
2
. Patients were positioned supine with a standard 

five port placement.  A Nathanson liver retractor was used 

to expose the hiatus. The greater curve was then mobilised 

from the angle of His to just proximal to the pylorus using 

the Harmonic Scalpel®. The greater curve was resected with 

an Endo GIA™ stapling device abutting a 36-French 

calibration tube, using the penetrators from the lesser curve 

to guide sleeve width. Three firings of the Covidien® 45mm 

black cartridges (the second and third covered with 

SEAMGUARD®) were used to resect the antrum, around the 

incisura and onto the body of the stomach. Thereafter, 

depending on the length of the greater curve, three or more 

loads of Covidien® 60mm purple cartridges (3mm, 3.5mm 

and 4mm staples) were used to complete the resection 

through the body and fundus, with completion just to the 

left of the angle of him.  The transacted omentum was 

pexed to the neo-greater curve with a 3-0 PDS® suture to 

recreate the anatomical lie of the stomach. The resected 

specimen was retrieved from the 15mm port and sent for 

histopathology. The skin was then closed with a subcuticular 

3-0 Monocryl® suture. 

Postoperative care and complications 

Postoperative care consisted of a slow diet upgrade - sips of 

water for the first 24 hours, clear fluids day 1, free fluids day 

2 and a soft diet for several weeks before further upgrades 

with dietician support. Early mobilisation, subcutaneous 

heparin and graduated compression stockings were 

implemented for venous thromboembolism prevention. 

Patients were generally discharged day 1 postoperatively 

once requiring minimal analgesia, mobilising well and 

tolerating oral intake. Patients were reviewed in outpatients 

at 1, 3, 6 and 12 months, and again at 2 and 5 years. 

Surgical complications were recorded within the 30-day 

postoperative time period and reported using the Clavien-

Dindo classification system.
11

 

 

Results 
Two hundred and seventy eight patients were included in 

the study with a mean preoperative BMI of 33.2 kg/m
2
 

(range 27.7-34.9 kg/m
2
). The mean age was 45 years (range 

16-72 years) and 86 per cent of patients were female. 82.4 

per cent of patients had atleast 1 obesity-related 

comorbidity. (Table 1) 

Mean per cent EWL was 97 per cent, 116 per cent, 116 per 

cent and 81 per cent at 6 months, 12 months, 2 years and 5 

years respectively (Figure 1). This correlated with a mean 

BMI of 25.4kg/m
2
, 23.8kg/m

2
, 23.7kg/m

2
 and 26.6kg/m

2
 at 6 

months, 12 months, 2 years and 5 years respectively. 

(Figure 2) 

Major 30-day complications (Clavien-Dindo grades III-V) 

occurred in 10 patients (3.6 per cent) (Table 2). Three 

patients required returns to theatre for postoperative 

bleeding. There were 2 leaks (1 managed by percutaneous 

drainage, the other converted to a Roux-en-Y bypass). One 

patient required surgical intervention for a pancreatic 

fistula. The other patients in this group required endoscopic 

intervention for stricture, nasojejunal feeding or 

investigation of poor oral intake or dysphagia. There were 

no patient deaths.  

Patient follow up rates were 54 per cent at 12 months, 37 

per cent at 2 years and 22 per cent at 5 years. 

 

Discussion 
It is well known that overweight and obese patients with a 

BMI ≤ 35 kg/m
2
 are at increased risk of obesity-related 

comorbidities, including its psychological impact, compared 

with patients with a BMI ≤ 25 kg/m
2 4

. Despite these risks, 

guidelines have traditionally excluded patients with a BMI ≤ 

35 kg/m
2
 from bariatric surgery. While pharmacological 
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therapy and very low calorie diets are effective strategies 

for rapid weight loss, they do not achieve lasting results and 

many patients regain weight on therapy cessation or 

experience adverse effects of treatment
12

. Without access 

to effective treatment options, this patient cohort remains 

at risk of ongoing weight gain
10

 and its comorbid 

consequences
4
. 

Developed in the era of very high-risk surgery (the open 

vertical banded gastroplasty and biliopancreatic diversion 

with duodenal switch procedures), traditional guidelines 

sought to target only the most at-risk patient groups (BMI ≥ 

35 kg/m
2
). However, there has been increasing recognition 

that BMI is a poor surrogate for body fatness
13

 and its use as 

an arbitrary sole indicator of whether to undertake bariatric 

surgery overlooks a large group of patients who may benefit 

from surgical intervention (for example, patients of high-risk 

ethnicity who carry the risks of obesity-related 

complications even at a lower BMI). More recent guidelines 

suggest consideration of bariatric surgery in patients with a 

BMI 30-35kg/m
2
 where obesity-related comorbidities such 

as poor glycaemic control are also present, but continue to 

recommend against surgical intervention for overweight 

patients with a BMI ≤ 30 kg/m
2 4,14,15

. Our results indicate 

that, using current surgical techniques, good weight loss 

outcomes and operative safety profiles are achievable in a 

lower BMI patient group, suggesting that the traditional 

thinking around which patients should benefit from bariatric 

surgery should be broadened. 

Early surgical intervention in this lower BMI cohort reduces 

the weight loss required to return to the healthy weight 

range. Our results of 116 per cent excess weight loss and 

23.8 kg/m
2
 mean BMI at 12 months are superior to those 

reported in several large studies confined to patients with a 

BMI ≥ 35 kg/m
2 7,8,16

. These findings are comparable to those 

reported in the small number of studies that have also 

investigated LSG in mildly obese patients
17-19

. Park and 

Kim,
17

 for example, similarly demonstrated that patients 

with a BMI 30-35 kg/m
2
 have greater per cent EWL and 

reach a lower BMI baseline post bariatric surgery compared 

to patients with a BMI ≥ 35 kg/m
2
.  Our study is unique; 

however, in that all LSGs were performed by a single 

surgeon at a single institution, thereby ensuring a uniform 

surgical technique, environment and patient follow up.  

The most common deviation from the normal postoperative 

course was readmission for postoperative nausea and 

discomfort, requiring short hospital stays for rehydration 

and analgesia. With regards to our major complications, the 

0.7 per cent leak rate is comparable to large volume studies 

with reported leak rates varying from 0-7 per cent
20

. Portal 

vein thrombosis occurred in 4 patients (1.4 per cent), a 

higher rate compared with the literature. All were 

diagnosed by computed tomography imaging performed to 

investigate postoperative abdominal pain. None of these 

patients had additional risk factors for thrombosis (other 

than obesity and recent surgery). All were managed with 

therapeutic anticoagulation and experienced an uneventful 

further recovery. Portal vein thrombosis is an uncommon 

complication post LSG and we postulate that the higher rate 

may be due to the higher degree of clinical suspicion and 

subsequent targeted investigation to exclude this diagnosis 

brought about by its recent attention in the literature
21

. 

Limitations of this study are related to design and 

incomplete patient follow-up.  This was a retrospective 

cohort study investigating patients treated by a single 

surgeon at a single institution, and results may therefore 

not be generalizable to other surgeons or centres.  The 

incomplete postoperative follow-up rates of 54 per cent at 

12 months, declining to 22 per cent at 5 years, are largely 

explained by the large geographical catchment area, with 

more peripherally located patients often preferring to 

follow up with local services. 

 

Conclusion 
Our study demonstrates that LSG provides effective short 

term weight loss with low complication rates in overweight 

and obese patients with a BMI ≤ 35kg/m
2
. These results 

suggest greater access to LSG may be beneficial for the 

management of obesity in this lower BMI cohort, who 

without intervention remains at risk of ongoing weight gain 

and obesity-related comorbidities. Further studies 

evaluating longer term weight loss outcomes are required 

to establish longevity of these findings. In addition, longer 

term data on patient comorbidity profiles, especially 

glycaemic control, would be beneficial to assess whether 

surgery in the lower BMI cohort could also avoid the 

development of more severe obesity related comorbidities. 
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Figure 1: Mean percentage excess weight loss post primary 

laparoscopic sleeve gastrectomy (patients with initial BMI 

≥35 kg/m
2
) 

 

Figure 2: BMI outcomes post primary laparoscopic sleeve 

gastrectomy (patients with initial BMI ≥35 kg/m
2
). 

 
 
Table 1: Patient comorbidities. 

Comorbidities 
No. of 

patients 
% total 

patients 

Type 2 diabetes mellitus (including insulin and non-insulin dependent diabetes mellitus) 24 8.6% 

Pre-diabetes/history gestational diabetes mellitus 15 5.4% 

Hypertension 52 18.7% 

Dyslipidaemia 27 9.7% 

Arthritis/musculoskeletal disorders (including osteoarthritis, rheumatoid arthritis, osteoporosis) 38 13.7% 

Obstructive sleep apnoea 40 14.4% 

Cardiovascular disease (including cardiomyopathy, atrial fibrillation, coronary artery stent/ coronary 
artery bypass) 

8 2.9% 

Psychiatric diagnoses (including depression, anxiety) 99 35.6% 

Hypothyroidism 24 8.6% 

Gastrooesophageal reflux 38 13.7% 

Chronic pain 19 6.8% 

Polycystic ovarian syndrome 11 4.0% 

Nonalcoholic steatohepatitis 11 4.0% 

Other medical comorbidities 19 6.8% 

No medical comorbidities 49 17.6% 

 
Table 2: 30-day complications as per Clavien-Dindo classification. 

Complications 
No. of 
patients 

% total 
patients 

Clavien-Dindo I 

Readmission (rehydration/analgesia) 9 3.2% 

Wound infection/ haematoma/pain 6 2.2% 

Rapid atrial fibrillation 1 0.4% 

Clavien-Dindo II 

Portal vein thrombosis 4 1.4% 

Readmission + radiological investigations 3 1.1% 

Blood transfusion 1 0.4% 

TOTAL C-D I-II 24 8.6% 

Clavien-Dindo IIIa 

Endoscopic intervention - diagnostic 2 0.7% 

Endoscopic intervention - therapeutic 2 0.7% 

Clavien-Dindo IIIb 

Laparoscopy – postoperative bleed 3 1.1% 
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Leak 
- Percutaneous drainage of collection 
- Laparoscopic patch repair -> conversion to RYGB 

2 
- 1 
- 1 

0.7% 
- 0.4% 
- 0.4% 

Laparoscopy – pancreatic fistula washout + drain 1 0.4% 

TOTAL C-D III-V 10 3.6% 

 

 


