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Abstract

Background: Success rate of laparoscopic sleeve gastrectomy (SG) depends on disease and patient
characteristics that are yet to be fully established.

Objectives: To evaluate which patient characteristics influence the success of SG.

Setting: National bariatric reference centre at a Public Hospital.

Methods: A retrospective study was performed based on prospectively collected data of patients who had
bariatric surgery at our institution, during a 5 year period. Patients with 12 or more months of follow-up were
included. We analyzed data from 133 SG. Seventy-nine percent of the patients were female with a median age of 46
years, a median baseline Body Mass Index (BMI) of 41 kg/m2 and a mean of 2.5 out of 7 comorbidities.

Results: After the first year, the mean percentage Excess Weight Loss (%EWL) was 69.3%, the mean change in
BMI was -11.8 kg/m2 and the mean % total body weight loss was 27.4%. Surgical success (%EWL ≥ 50%) was
achieved in 82% of the patients, with significant improvement or resolution of comorbidities (follow-up rate
76%-88%). We found statistical significant differences with baseline BMI (p<0.0001), with OSA (p<0.0001), with age
(p=0.04) and with the number of comorbidities (p=0.05). Higher baseline characteristics implicated less %EWL. The
presence of HTN or arthropathy and being a volume eater or a sweet eater did not influence surgical success (χ2 ≤
0.01).

Conclusions: SG is an effective surgical treatment for obesity. After one year the majority of patients had
surgical success and major comorbidities were mitigated or resolved. Success was influenced by specific patient
and disease characteristics.

Keywords: Obesity; Morbidity; Bariatric surgery; Gastrectomy;
Laparoscopy; Treatment outcome

Introduction
Obesity keeps on growing as a global epidemic. In 2014, the World

Health Organization (WHO) reported over 600 million obese adults,
this number has more than doubled since 1980. This means that 13%
of the world’s population has a Body Index Mass (BMI) ≥ 30 kg/m2 [1].
In 2008, in Portugal about 24% of the population had obesity and 59%
was overweight [2]. Bariatric surgery is an effective treatment for
severe obesity that leads to the improvement and remission of many
obesity-related comorbidities, sustained weight loss over time,
improvement in quality of life and prolonged survival [3,4].

Sleeve Gastrectomy (SG) was first described as the initial step in a
proposed two-stage approach to Duodenal Switch (DS), in an effort to
reduce the morbidity and mortality of performing DS in high-risk
patients with extreme obesity (specifically, patients with BMI >60
kg/m2) [5]. However, data began to show that SG is an effective
primary bariatric operation without the need for a second-stage
conversion to DS [6]. By late 2000s, the SG had established itself as
another primary bariatric operation. The most commonly performed

procedure worldwide is the Roux-en-Y Gastric Bypass (RYGB), 45%,
followed by the SG, 37%, whereas the most common bariatric
procedure in the USA is the SG and this probably shows the world’s
trend [7,8].

The aim of our study was to bring more evidence to the scientific
community, evaluating SG outcomes, concerning efficiency and safety
and researching which patient’s characteristics influenced surgical
success. We hope to aid procedure choice, help to better manage
patient’s expectations and support adequate contextualization of the
results obtained.

Materials and Methods
At our institution, data from patients treated for severe obesity are

regularly registered in a prospective longitudinal Microsoft Access
2010® database. An observational study was designed, including a 5
year period, from January 2009 to December 2013, and a retrospective
analysis was performed. Our group performed 142 SG, of which 133
had more than 12 month follow-up. For the calibration of the SG, an
endoluminal 36F bougie was used. Gastric transection was performed
using an Endo GIA™ Universal Loading Unit 45-60 mm (green 4.8 mm
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or blue 3.5 mm reloads) and a reinforcement suture, using 2/0
polypropylene, was always performed.

Twenty-two variables were statistically analyzed: age, gender,
number of comorbidities, presence or absence of seven specific
comorbidities (hypertension, dyslipidemia, obstructive sleep apnea,
arthropathy, type 2 diabetes mellitus, coronary artery disease and
infertility), baseline BMI, weight and excess weight, number of meals
per day, duration of obesity, four types of eating behavior, previous
obesity treatments, interference with everyday life activities and
obesity-related depression. Statistical tests were applied when
appropriate, using IBM SPSS Statistics 22®, namely χ2 (chi-square), t-
student and Pearson’s correlation.

Results
Baseline patients’ demographics are presented in Table 1. The cohort

had a median age of 46 years and a male-to-female ratio of 1:3:8, 46%
had between 8 to 12 years of school education, 53% had non-
specialized job or were unemployed and 57% earned a fixed wage.

They had a median baseline BMI of 41.4 kg/m2 (minimum 32 and
maximum 62 kg/m2), had 3.1 meals per day, 59% showed an eating
pattern of volume eater (big volumes of food intake in few meals), 21%
of sweet eater (preference for sugar based foods) and 20% were craving
eaters (permanent eating compulsion). Mean duration of the disease
was 22 years, 70% had already enrolled in non-surgical obesity
treatments before, 71% mentioned that obesity interfered with their
everyday life activities and 30% had obesity related depression.

Patients were asked explicitly about seven comorbidities and
registered a mean of 2.5 comorbidities (Table 1). Median hospital stay
was 4 days. At the period of the study, patients were admitted on the
day before surgery and some of them had also secondary procedures
performed (i.e. complementary cholecystectomy).

The weight loss results and the surgical success (defined as %EWL ≥
50%) are displayed in Table 2 and Figure 1.

Twelve months after surgery, more than 90% of the patients had a
partial or total resolution of obstructive sleep apnea (OSA), Type 2
diabetes mellitus (DM2) and hypertension (HTN), Table 3.

Statistics Results

Age (median, years) 46 [min 20, max 65]

Gender Male 21% (n=28); Female 79% (n=105)

Comorbidities

HTN 57% (n=76)

Dyslipidemia 56% (n=75)

OSA 56% (n=75)

Arthropathy (related to obesity) 50% (n=66)

DM2 24% (n=32)

CAD 6% (n=8)

Infertility 1% (n=1)

Obesity (median)

Weight (kg) 112.0 (min 84, max 167)

Excess weight (kg) 44.3 (min 20, max 92)

BMI (kg/m2) 41.4 (min 32, max 62)

Table 1: Baseline population analysis (n=133); [HTN: Hypertension,
OSA: Obstructive Sleep Apnea, DM2: Type 2 Diabetes Mellitus, CAD:
Coronary Artery Disease, BMI: Body Mass Index].

Time
(years
) n TWL (%) ΔBMI (kg/m2) EWL (%)

Surgical
Success
(%EWL ≥
50%)

1 133 27.4 (26, 29) -11.8 (-12, -11) 69.3 (66,73) 82%

2 68 28.3 (26, 30) -12.3 (-13, -11) 69.9 (65,75) 79%

3 51 27.7 (25, 31) -12.4 (-14, -11) 66.7 (60,73) 73%

4 18 25.6 (20, 31) -11.3 (-14, -8) 60.3 (50,71) 72%

5 6 29.2 (18, 40) -13.5 (-20, -7) 64.4 (47,82) 83%

Table 2: Weight loss after surgery (mean); [95% confidence interval,
TWL: Total Body Weight Loss, ΔBMI: Change in Body Mass Index,
EWL: Excess Weight Loss].

Comorbidity Totally Resolved Partial or Totally Resolved

OSA (n=57) 84% 95%

DM2 (n=28) 68% 93%

HTN (n=64) 64% 92%

CAD (n=5) 40% 60%

Arthropathy (n=34) 32% 70%

Dyslipidemia (n=57) 23% 46%

Table 3: Evolution of comorbidities after surgery (12 months).

Eighty-seven percent (n=115) of patients were complication free.
We analysed early and late complications separately.

We used the Clavien-Dindo classification to stratify early
complications and registered nine grade I complications, two grade II,
six grade III, one grade IV and no mortality [9]. We registered four
(3.0%) gastric fistulas.

Grade I complications include two incision bleedings, two seromas,
two superficial surgical wounds infections, one skin dehiscence, one
acute kidney failure and one low flow biliary fistula (after
cholecystectomy).

Grade II include one traumatic ulcer of the cornea and one
superficial wound infection that was treated with antibiotic therapy.

Grade III included the four gastric fistulas already mentioned, one
gastric stenosis and one biliary fistula.

The Grade IV complication was a bilateral nosocomial pulmonary
infection.
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Figure 1: Evolution of mean % Excess Weight Loss (%EWL) after
surgery (years); [EWL: Excess Weight Loss, CI: Confidence
Interval].

Only three patients had late complications: two (1.5%) developed
gastro-esophageal reflux, refractory to medical treatment, and one had
primary surgical failure (insufficient weight loss). All three were re-
operated and a Roux-en-Y gastric bypass was performed.

Predictors of success
One year after surgery, we found that surgical success (%EWL ≥

50%) presented statistically significant differences depending on
baseline BMI (p<0.0001), age (p<0.05) and the number of
comorbidities (p<0.05), especially in the presence of OSA (p=0.01),
Table 4 and 5.

Looking into the relationship between baseline BMI and %EWL, we
observed a moderate negative correlation (r=-0.445), and also a weak
negative correlation between age and number of comorbidities and
%EWL (r=-0.201 and -0.251 respectively). We observed further, that
patients with OSA had a smaller %EWL (64% vs. 77%, p<0.0001).

Statistics

Surgical Success (%EWL ≥
50%)

Δ t-studentWith Without

BMI (kg/m2) 43.5 49.1 -5.6 p<0.0001

Age (years) 43.8 48.7 -4.9 p=0.040

Number
comorbidities 2.4 (of 7) 3.1 (of 7) -0.7 p=0.045

Table 4: Baseline characteristics of patients with or without surgical
success; [BMI: Body Mass Index before surgery].

Comorbidity Present Not Present Δ χ2

HTN 81.6% 82.5% -0.9 p=0.896, χ2=0.017

Dyslipidemia 77.3% 87.9% -10.6 p=0.115

OSA 74.7% 91.4% -16.7 p=0.013

Arthropathy 81.8% 82.1% -0.3 p=0.968, χ2=0.002

DM2 71.9% 85.1% -13.2 p=0.089

CAD 62.5% 83.2% -20.7 p=0.140

Infertility 100% 81.8% +18.2 p=0.638

Table 5: Surgical success with baseline comorbidity (n=133); [OSA:
Obstructive Sleep Apnea, HTN: Hypertension, DM2: Type 2 Diabetes
Mellitus, CAD: Coronary Artery Disease].

We also noted differences in the surgical success rate of patients
with type 2 diabetes mellitus (DM2) or dyslipidemia, but these
differences did not reach statistical significance (p=0.089 and p=0.115
respectively). The presence of HTN or arthropathy did not change
surgical success (χ2 ≤ 0.02), Table 5. Enrollment in previous obesity
treatment programs seemed to positively influence surgical success
(85% vs. 75%), but this difference did not have statistical significance
(p=0.171). We also found differences, although with no statistical
significance, with gender, number of meals per day and duration of
obesity.

The eating patterns of volume eater or sweet eater did not influence
surgical success (χ2=0.001). Being a craving eater did influence surgical
results, but with no statistical significance (p=0.336). Obesity related
depression did not alter surgical success (χ2=0.005).

Discussion
The expected %EWL at twelve months after SG lies between 51 and

70% [10,11]. Our cohort had a mean of 69% EWL after one year,
maintaining this weight loss in the second year, but showing a minor
tendency of weight regain after that. Nevertheless, the big majority of
patients maintained surgical success (72%) during the study’s
timeframe. We collected data up to five years after surgery, but the
follow-up is notoriously small at five years (n=6), representing only
4.5% of the patients initially included. The dropout rate is 49% at 2
years, 62% at 3 years and 86% at 4 years, limiting midterm conclusions.

Besides surgical procedure, baseline BMI and age seem to be the
most important predictors of a greater %EWL and consequent surgical
success. This relation was observed in our analyses with clear statistical
significance (p<0.0001 and p=0.04 respectively). In some studies,
type-2 diabetes appears to have influence in the success [12-17]. In our
data we found a slight difference with diabetes, but it did not reach
statistical significance (p=0.089). Other predictors of success
sometimes found in literature are HTN, dyslipidemia and gender
[13-16]. There were small differences with dyslipidemia and gender,
again without reaching statistical significance, but there was no
difference with HTN.

A greater number of comorbidities seems to worsen results
(p=0.045), mainly OSA, DM2 and dyslipidemia, OSA being the one
that had the strongest statistical significance (p<0.0001). Patients with
one or more of these three comorbidities sometimes also have
Metabolic Syndrome which could help explain the worse results of
these patients after SG. This group of patients should eventually be
proposed for other bariatric procedure, rather than SG.

In our study’s data we registered four gastric fistulas (3.0%) that
were treated with no sequels. However, our surgical unit has a global
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incidence of fistulas of 1.9% (n=4) after 215 SGs performed, below the
typical values of this complication (2.2%) [18]. The incidence of
complications was 13.5%, but only 5.2% (n=7) were severe
complications (grade III and IV) and we registered no mortality [9].
The main limitations of this study are its retrospective nature, based on
prospectively collected data, and to only include 133 SGs with a large
dropout rate after de first year.

Conclusion
Our data on SG shows that it can significantly promote weight loss

and resolve or mitigate important comorbidities, contributing to the
improvement of the patient’s quality of life.

Treatment success depends on disease severity, patient’s
characteristics like age and comorbidities and these should be taken
into account when choosing the best fitting procedure for the patient
and his disease. There are still lacking long-term studies to settle SG’s
efficiency over time and to continue establishing the predictors of this
efficiency.
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