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Abstract

Background: The number of obese people has tripled since 1975, reaching 650 million obese,
while 1,9 billion people were overweight. Bariatric surgery has been a useful treatment for
overweight and obese patients, demonstrating better results than non-surgical treatment, lowering
overall mortality and morbidity. Sleeve gastrectomy (SG) rose to prominence in the medical
community as an effective technique with good weight loss and reduced complications. This
technique presents re-intervention rates of 32%-36%; weight regain, and gastroesophageal reflux
disease are not uncommon after SG. Single anastomosis duodenal-ileal bypass with sleeve
gastrectomy (SADI-S) is a modified technique which aims to improve weight loss and metabolic
outcomes with an acceptable rate of complications.

Objectives: To report our single-center SADI-S short-term weight-loss, metabolic outcomes, and
nutritional deficiencies.

Methods: Retrospective analysis of 29 obese patients submitted to primary SADI-S (n=7) and
revisional SADI-S (n=22), regarding weight loss, metabolic profile, and nutritional status.

Results: Patients’ body mass index (BMI) mean was 51.5+7.0 kg/m?. Surgery duration mean was
177.0+£34.2 minutes and hospital stays lasted 2.0+0.0 days. There were no complications and no
mortality during follow-up period. At 12 months follow-up, mean BMI was 33.8+4.4 kg/m? and
the mean excess weight loss was 66.3+16.4%. Lipidic profile and glucose metabolism parameters
were improved. Regarding nutritional deficiencies, protein deficits were present in 31.3% of
patients, and vitamin D deficits were present in 43.8% of patients at 12 months.

Conclusion: SADI-S resulted in acceptable weight loss outcomes and improved metabolic profile.
Minimal and manageable nutritional deficits were detected.

Keywords: SADI-S; single anastomosis duodeno-ileal bypass with sleeve gastrectomy; obesity;
bariatric surgery.



Resumo

Introducdo: Desde 1975 o ntimero de obesos triplicou, atingindo 650 milhdes, existindo 1,9 mil
milhdes de pessoas com excesso de peso. A cirurgia baridtrica ¢ um tratamento util para obesos,
mostrando resultados superiores ao tratamento conservador, com melhorias na mortalidade e
morbilidade. O sleeve gastrico (SG) é muito popular por ser uma técnica eficaz com boa perda de
peso e menores complicagdes. Apresenta taxas de re-intervencao de 32-36%; reganho de peso ¢
refluxo gastro-esofagico ndo sdo incomuns apos um SG. O single anastomosis duodenal-ileal
bypass with sleeve gastrectomy (SADI-S) ¢ uma técnica modificada que tenta melhorar a perda
de peso e os resultados metabodlicos com taxa aceitavel de complicagoes.

Objectivos: Reportar a perda de peso, resultados metabdlicos e défices nutricionais do SADI-S
no nosso centro cirdrgico.

Métodos: Analise retrospectiva de 29 pacientes submetidos a SADI-S primario (n=7) e SADI-S
revisional (n=22), analisando perda de peso, perfil metabolico e estado nutricional.

Resultados: O indice de massa corporal (IMC) médio inicial era de 51.5+7.0 kg/m%. O
procedimento cirargico durou 177.0+34.2 minutos. O tempo de internamento foi de 2.0+0.0 dias.
Nao foram reportadas complicacdes nem mortalidade. Aos 12 meses, o IMC médio era 33,8+4.4
kg/m?. A perda de excesso de peso era de 66.3+16.4%. O perfil lipidico e o metabolismo de
glicose melhoraram. Relativamente aos défices nutricionais, 31.3% dos pacientes apresentaram
défice de proteinas, e 43.8% apresentaram défice de vitamina D aos 12 meses.

Conclusdo: O SADI-S resultou numa perda de peso aceitavel com melhoria do perfil metabdlico.
Foram detetados défices nutricionais minimos.

Palavras-chave: SADI-S; single anastomosis duodeno-ileal bypass with sleeve gastrectomy;
obesidade; cirurgia bariatrica.
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Introduction

Obesity and overweight are defined by the World Health Organization (WHO) as an abnormal or
excess accumulation of adipose tissue that may impair an individual’s health. The number of
obese people has tripled since 1975, culminating in an astonishing number of 650 million obese,
while 1,9 billion people were overweight. Previously considered exclusive of high-income
countries, the overweight pandemic has spread to medium and low-income countries, where we
can find high overweight and obesity rates in children. Overweight and obesity are responsible
for more deaths and disease than underweight and malnutrition all over the world (1).

Bariatric surgery has been a useful treatment for obese patients, demonstrating better results than
non-surgical treatment, lowering overall mortality and morbidity. It promotes improved weight
loss and higher remission rates of diabetes and other metabolic diseases (2-6).

Biliopancreatic diversion with duodenal switch (BPD-DS) is considered as one of the most
effective bariatric surgeries. It comprises 3 major steps: a vertical gastrectomy with excision of
the greater curvature to significantly reduce gastric volume capacity and provide restriction (a
sleeve gastrectomy); the division of the duodenum between the pyloric valve and the sphincter of
Oddi, preserving the normal function of the pylorus and gastric emptying, to avoid dumping
syndrome; and bypass of the proximal small bowel that results in decreased absorption of
nutrients, and alters intestinal hormonal production (7).

BPD-DS maintains a longer common channel to reduce the risk of vitamin and protein
deficiencies (7). This procedure provides patients with long-lasting and significant weight loss (7,
8). Despite this, it also presents several difficulties in long-term management being hampered by
a high reintervention rate (8, 9), as high as 84% according to Strain’s et al work (8), gastro-
intestinal symptoms and severe nutritional deficiencies (6-9). Patient compliance to diet
requirements and supplementation are fundamental for a successful management of post-
operative complications (7-9).

Deriving from the first step of the BPD-DS, the vertical gastrectomy, evolved into its own entity,
known as sleeve gastrectomy (SG): a subtotal vertical gastrectomy is performed preserving the
pylorus, creating a tubular structure along the lesser curvature (10, 11). SG stands presently as
the most performed bariatric surgery worldwide, because of its reproducibility, fair weight loss
outcomes, low peri-operative complications and reduced nutritional long-term complications (10-
13).

However, recent studies stressed that long-term follow-up after SG demonstrated re-intervention
rates between 32% and 36% (14), and also a high level of recidivism due to weight regain (15).
Gastroesophageal reflux disease can also play an important role in post-surgery management as
it can arise de novo or worsen and be a cause for re-operation (10, 15).

In 2007 Sanchez-Pernaute et al proposed a modified technique based on the BPD-DS: the single
anastomosis duodenal-ileal bypass with sleeve gastrectomy/one anastomosis duodenal switch
(SADI-S/OADS). This technique improves the standard SG with a single anastomosis between
the duodenum and ileum, preserving a common-limb of 200-300cm (16). After extensive data
collection, IFSO and ASMBS has recognized SADI-S as an appropriate metabolic procedure (17).

The objective of this study was to analyze outcomes (weight loss, metabolic improvements, safety
profile and nutritional deficiencies) of SADI-S, particularly in the revisional setting after previous
SG. We recognize that SG is a widely used and effective bariatric, but there is a need to expand
the revisional options after weight regain or inappropriate weight loss. The role of SADI-S as a
standalone surgery must also be addressed, namely in the treatment of superobese patients and
those with severe metabolic diseases.



Methods

This study included 29 patients, 22 revisional surgeries of previous SG and 7 primary
interventions, which compose all SADI-S surgeries performed from July 2019 until July 2021 in
a single center. Data was gathered retrospectively from clinical records and relevant outcomes
were selected. There were no follow-up losses during this study. The number of patients varies at
different follow-up times due to the recency of the technique in our surgical center. The outcomes
focused on peri-operatory and post-operatory complications, particularly nutritional deficiencies
that might appear.

The patients were followed according to national guidelines, expanded even further by the
surgical center, on bariatric surgery candidates before the surgery. Patients were screened
extensively through blood testing before and after surgery. Patient orientation was done by a
multidisciplinary group including specialists from General Surgery, Endocrinology, Psychiatry
and/or Psychology, and Nutrition. Post-surgical dietary protocol includes nutritional
supplementation with a standard market all-purpose supplement taken twice a day.

Surgical technique

The SADI-S technique employed by our center utilizes a 54 French bougie for sleeve gastrectomy
calibration. The right gastric artery is preserved as a standardized step and the section is started 6
cm proximal to the pylorus. The common limb from the ileo-cecal valve measures 300 cm.
Measurement of the small bowel is done utilizing calibrated graspers, starting in the ileocecal
valve, and moving proximally, where 2 suture marks are placed at 300 cm. The anastomosis was
tested with methylene blue. Abdominal drainage was used in all patients.

Statistical analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences® (SPSS
Inc., Chicago, IL), version 28 for Windows. Normality was assessed using the Kolmogorov-
Smirnov test. Descriptive statistics included mean and standard deviation for normally distributed
data and median and minimum and maximum range for not normally distributed data.



Results

There were 29 patients, of which 96.6% were females. Mean patient age was 49.2 + 11.4 years.
There were 7 primary SADI-S patients, and 22 revisional SADI-S patients. There were no peri-
operative or postoperative complications and no mortality at 90 days. Hospital stays was 2.0 +
0.0 days. Table 1 presents the demographic data from our patient population and the perioperative
features of the SADI-S procedure in our center.

Initial mean body mass index (BMI) was 51.5 + 7.0 kg/m?. At 12 months mean BMI was 33.8 +
4.4 kg/m? and percent excess weight loss (%EWL) 66.3 + 16.4 %. Table 2 presents our results
regarding BMI and EWL, which was calculated considering an ideal BMI of 25.

Total cholesterol median had a slight reduction, but patients with abnormal levels dropped from
34.5% at baseline to 18.8% at 12 months. Low-density lipoprotein (LDL) and triglyceride (TG)
median levels presented with a fair reduction from baseline, 113 mg/dL for LDL and 107.0 mg/dL
for TG, to 12 months, 96 mg/dL for LDL and 79.5 mg/dL for TG. Glycemia and glycated
hemoglobin (HbA1C) remained stable throughout the follow-up. Hemoglobin median levels
dropped slightly at 12 months, with 12.5% of patients with anemia. Iron, ferritin, transferrin, folic
acid, and vitamin B12 median levels rose from baseline and followed by a decrease in patients
with abnormal status, except for vitamin B12, in which one case of deficiency appeared. Total
protein and albumin levels were decreased at 12 months and there were more patients with
deficits, 31.3% and 25% respectively. Magnesium and calcium median values remained stable
throughout the follow-up period, but at 12 months we had 31.3% magnesium deficient patients.
Vitamin D median levels rose, but abnormal patients rose to 43.8%. Parathyroid hormone (PTH)
median levels slightly decreased. Regardless, the percentage of abnormal patients increased to
37.5% at 12 months. Table 3 presents the metabolic outcomes and nutrient analysis of our study.



Discussion
Population characteristics

This article is intended as a preliminary report for the use of SADI-S in our surgical center, laying
the groundwork for a more prolonged analysis in the future to analyze SADI-S’ safety and
efficacy. There were no reported complications and no deaths associated. All patients were
discharged from the hospital after 2 days. Table 4 shows a comparison between this study’s results
and some other works in the field. The mean age is within the 40-50-year-old range that other
studies show. The surgical time is the highest of the studies who reported it, which can be
explained by the recent nature of the SADI-S procedure in our center, a slower and more cautious
approach by the surgeons or different standardized procedures. The previous reasoning might also
account for the zero postoperative complications reported, which is the lowest of all studies.
Mortality was also zero in all studies, except for one that presented 0.7% (18). Lastly, hospital
stay was the 2" lowest amongst the studies used for comparison, which can be explained by the
low rate of complications and standardized procedures in our center.

Weight loss

Regarding the results of BMI and %EWL between groups presented in Table 2, there seems to be
little difference between them, even though the low number of patients does not allow for a
reliable comparison. Both groups start with similar BMI, 51.7 for primary SADI-S patients, 51.4
for the revisional SADI-S, at the time of the first medical appointment. The pre-SADI-S status
presents a more pronounced difference, as expected, due to the revisional group previous status.
Over 6 months and 12 months the difference diminished and both groups seem to be trending
towards equality. The %EWL also seems to follow the same pattern of convergence, even though
starting points are very different. Other studies, presented in table 4, report a mean starting BMI
ranging between 44 and 50, with our study presenting a mean of 44.68. %EWL range between
62.4% and 95% at 12 months, with our study reporting 66.32%.

Lipidic profile and glucose metabolism

Lipidic profile and glucose metabolism indicators are shown in Table 3. Lipidic parameters (total
cholesterol, LDL, and triglycerides) improved from baseline. The number of patients with
abnormal parameters decreased sharply, especially in total cholesterol, reducing from 10 patients
to 3 patients. Table 5 shows our results versus other studies. Total cholesterol, LDL, triglycerides,
glycemia and HbA 1C have improvements in all studies analyzed. Zaveri et al. (18) reported their
data in n(%) of abnormal patient status and our own results have a similar tendency with the
number of patients with an abnormal status diminishing across all parameters during the period
of follow-up.

Nutrient deficits

Iron deficiency can be present in up to 45% of patients who undergo bariatric surgery as well as
vitamin B12 and folic acid deficiencies in up to 18% and 54% of patients respectively (19, 20).
Low levels of hemoglobin can also affect up to 47% of patients (19). As such, these parameters
are frequently monitored and are presented in Table 3. Hemoglobin levels remained stable during
the follow-up time, showing a slight reduction. There was 1 patient with anemia at baseline and
another one that developed it after the procedure. Iron deficiencies showed improvement, with 6
patients at baseline, and only 4 remaining at 12 months of follow-up. Ferritin and transferrin levels
had an upward trend during the 12 months of follow-up. Folic acid and vitamin B12 levels showed
improvement during the 12 months of follow-up. Comparison with selected literature can be seen
on Table 6. There is one study, by Finno ez al. (21), that has more relevant nutritional deficiencies
while all the others show low levels of abnormal values. At the 12 months mark, our patient’s



statuses seem to be like other studies. An exception is iron levels, in which our study reports 25%
of patients with abnormal levels, above other studies with 4% (22), and 19.1% (21).

Malabsorptive procedures that include a biliopancreatic diversion raise concerns about protein
deficiencies (23, 24). There were 2 patients with protein deficiency at baseline and 6 months of
follow-up, a number that ascended to 5 at 12 months. Contrarily, albumin deficiency was present
in 6 patients at baseline, diminishing to 4 at 12 months. Vitamin D deficiency is present in up to
90% of obese patients (20), and it’s influence in bone metabolism justifies monitoring of its levels
and calcium and PTH. Magnesium monitoring has not been sufficiently proved by existing
evidence but has an important part in the supplementation and resolution of hypocalcemia that’s
accompanied by hypomagnesaemia (19). Our data, presented in Table 5, shows us that there was
only 1 patient with hypocalcemia throughout the 12 months. Vitamin D deficiency was present
in 7 patients at baseline and 7 patients at 12 months. Elevated PTH was present in 6 patients at
the start and 6 patients at 12 months. Table 6 shows us our patient’s performance versus numerous
studies. Our percentage of patients with protein deficiency is 31.3%, which falls inside the interval
presented by other studies, between 9% (18), and 34% (22). The percentage of patients with
hypoalbuminemia rose during the follow-up process, peaking at 25% at 12 months, above other
studies that reported at 12 months 11% (25), 12% (22), 13% (18), and 6% (23). The upward trend
in percentage of patients with hypoalbuminemia is maintained in both our study and others.
Calcium, 6.3% at 12 months, and vitamin D, 43.8% at 12 months, deficient patients rose in
percentage as the follow-up progressed, patients with excessive levels of PTH, 37.5% at 12
months, also rose. Most studies have percentages of abnormal patients in the same range as ours.
Zavieri et al.’s work has a relevant drop in vitamin D deficient patients, from 48.3% at baseline
to 23.0% at 12 months, which is the best performance of analyzed studies (18).

Limitations

This study presents a small number of patients, therefore not achieving statistical significance.
There was also not a separate comparison between revisional and primary SADI-S patients to
assess differences due to the low number of cases. As more procedures are performed, numbers
will rise to significance. Follow-up time was low, most patients only had the baseline consult and
6-month follow-up consult. More time is needed to gather data. This study has a retrospective,
non-randomized model, which has a limited scope in providing a superior level of scientific
evidence.

Conclusion

SADI-S is a relatively recent procedure in our surgical center. Bariatric surgeons feared long-term
complications, especially nutritional deficiencies, would make SADI-S an ineffective
intervention. The data from this study reveals that our surgical center seems to be equivalent to
other studies published as SADI-S resulted in acceptable weight loss outcomes and improved
metabolic profile. Minimal and manageable nutritional deficits were detected. There remains
work to be done, ours is a small sample that cannot be disregarded due to the promising results
which forebode a bright future for SADI-S.



Table 1 - Demographic and perioperative features of SADI-S patients

Variable

Sex

Male 134

Female 28 (96.6)
Age (years) 492+114
Primary SADI-S 7(24.1)
Revisional SADI-S 22 (75.9)
Surgery duration (minutes) 177 £34.2
Peri-operative complications 0 (0.0)
Postoperative complications 0 (0.0)
Mortality 0 (0.0)
Hospital stay (days) 2+0.0

SADI-S — single anastomosis duodeno-ileal bypass with sleeve gastrectomy. Data reported as n (%) or mean (SD).

Table 2 — BMI and excess weight loss values

Variable

Baseline weight

TO

T6

T12

Primary SADI-S BMI (kg/m?)

51.7£3.5 (n=7)

51.7+3.5 (n=7)

38.8 £3.9 (n=7)

33.3+£3.5 (n=3)

Primary SADI-S %EWL (%)

48.7£9.6 (n=7)

713 £11.9 (n=3)

Revision SADI-S BMI (kg/m?)

51.4+7.9 (n=22)

42.6 +4.9 (n=22)

34.9 +3.9 (n=22)

34.0 4.7 (n=14)

Revisional SADI-S % EWL
(%)

314 +17.2 (n=22)

61.5 + 13.4 (n=22)

652+ 17.3 (n=14)

Overall BMI (kg/m?)

51.5+7.0 (n=29)

44.68 + 6.1 (n=29)

35.9 +£4.2 (n=29)

33.8+4.4 (n=17)

Overall %EWL (%)

58.4 + 15.6 (n=29)

66.3 + 16.4 (n=17)

BMI — body mass index; %EWL — percentage excess weight loss; TO — status before SADI-S; T6 — status 6 months
after SADI-S; T12 - status 12 months after SADI-S. Data reported as mean (SD).
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research and should state its purpose, basic procedures (selection of study subjects or laboratory animals,
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References, Tables and Figures.
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State the objectives of the work and provide an adequate background, avoiding a detailed literature survey or a
summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published should be indicated by a
reference: only relevant modifications should be described.

Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results and
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and Meta-Analyses (PRISMA) guidelines.
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An Author that wishes to propose a manuscript in this section is requested to send an abstract to the
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intervention, or outcome).
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educational about the case series.
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Methods
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Declaration of Helsinki - "Every research study involving
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Study Design
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5d
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TNM)).

7 “There
were 29 (...)
procedure in
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appropriate.
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Describe the relevant weaknesses or limitations of the
study.

For novel techniques or devices, outline any
contraindications and alternatives, potential risks and

possible complications if applied to a larger population.

Directions for Future Research

State how the methodology and findings discussed can
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- Ensure that any of the conclusions made are supported | ™™ )
8b . deficits were
by a strong rationale.
detected.
Future Work L
remains work
- Briefly discuss any questions arisen from this study and | ) future for
8c any differences in approach to patient diagnosis or | SADI-S.
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Perspective 9 opportunity to share their perspective on the N/A
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Consent 10 applicable, and if requested by the journal. N/A

State the method of consent at the end of the article (e.g.
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If not provided by the patients, explain why (e.g. death of
patient and consent provided by next of kin). If the patients
or family members were untraceable then document the

tracing efforts undertaken.

Additional
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State any conflicts of interest.
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State any sources of funding.
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Other Relevant Disclosures

Please state any author contributions, acknowledgments,
and where required, institutional review board and ethical
committee approval.
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Clinical
Images and

Videos
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Where relevant and available, include clinical images to
help demonstrate the cases pre-, peri-, and post-
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photographs, intraoperative images).
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Referencing
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