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Abstract: Background: Single-Anastomosis Duodenoileostomy with Sleeve Gastrectomy
(SADI-S) has been reported as both a safe and effective surgical procedure. However, these
findings have not been directly compared to those of more established and less complex
procedures, such as Sleeve Gastrectomy (SG), which remains the most commonly performed
technique in Metabolic and Bariatric Surgery (MBS). Objective: This study aimed to
assess and contrast the intraoperative and postoperative outcomes between patients who
underwent SADI-S and those who underwent SG. Methods: A systematic review and meta-
analysis were performed and registered under PROSPERO with the ID CRD42024532504. A
comprehensive search strategy was executed on 15 April 2024, covering PubMed, Embase,
Cochrane Library, Scopus, Web of Science, and Science Direct from the first reports to March
2024. The search strategy incorporated relevant keywords, including: “SADI-S” OR “Single
Anastomosis Duodenal-Ileal bypass” and “Sleeve Gastrectomy”. We included studies
comparing adult patients (≥18 years old) undergoing SADI-S and SG, reporting at least
one clinical outcome of interest. Results: Five studies published between 2019 and 2023,
comprising 3593 patients, were included. Of these, 461 patients (12.8%) underwent SADI-S,
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while 3132 (87.2%) underwent SG. The mean patient age was 42.96 years, with 89.6% female
participants. Patients undergoing SADI-S had a significantly higher Body Mass Index (BMI)
than those undergoing SG (Mean: 49.73 ± 8.10 vs. 45.64 ± 7.84; Mean Difference [MD]:
3.83, 95% CI: 0.52–7.14; p = 0.02) and an increased risk of hypertension (OR: 1.38, 95% CI:
1.04–1.84; p = 0.03). SADI-S also resulted in longer operative times (125.63 ± 51.91 min vs.
49.67 ± 26.07 min; MD: 65.97 min, 95% CI: 61.71–70.25; p < 0.001) and length of hospital stay
(2.30 ± 2.76 days vs. 1.21 ± 0.81 days; MD: 1.03 days, 95% CI: 0.70–1.37; p < 0.001). Moreover,
patients who underwent SADI-S demonstrated a significantly higher risk of postoperative
complications, such as readmissions and reinterventions (OR: 3.17, 95% CI: 2.15–4.67;
p < 0.001), and experienced greater excess weight loss (MD: 12.42%, 95% CI: 0.92–23.92;
p = 0.03). No significant differences were observed between the groups regarding age,
sex, or the prevalence of obstructive sleep apnea (OSA). Conclusions: SADI-S appears to
be a promising surgical technique for facilitating substantial weight loss in individuals
with severe obesity. Given the higher risk of postoperative complications associated with
SADI-S, careful evaluation and personalized decision-making for patient selection and
education are essential to optimize clinical and safety outcomes.

Keywords: SADI-S; sleeve gastrectomy; metabolic and bariatric surgery; postoperative
outcomes

1. Introduction
The global obesity epidemic presents major health challenges in the twenty-first cen-

tury. Although lifestyle modifications are fundamental in managing both conditions, their
long-term effectiveness can be limited. Metabolic and Bariatric Surgery (MBS), originally
intended for weight management, has progressively become a powerful intervention that
not only facilitates weight reduction but also contributes to the remission and possible
resolution of various obesity-related conditions [1,2]. Various types of MBS procedures are
available for clinical application, including Roux-en-Y Gastric Bypass (RYGB), Sleeve Gas-
trectomy (SG), Biliopancreatic Diversion with Duodenal Switch (BPD-DS), and Adjustable
Gastric Band (AGB) [3].

According to the latest reports from the American Society for Metabolic and Bariatric
Surgery (ASMBS), Sleeve Gastrectomy (SG) is the most widely performed metabolic
and bariatric surgery technique globally [4]. However, the Single-Anastomosis Duo-
denoileostomy with Sleeve Gastrectomy (SADI-S), a relatively recent addition to MBS
procedures, ranks sixth. It was introduced in 2007 and presents itself as a compelling
alternative to traditional methods due to its potential benefits [5].

Multiple studies have previously demonstrated that SADI-S is a safe and effective
surgical procedure, offering sustained weight loss and a high rate of resolution for obesity-
related comorbidities over the mid-to-long term [6–8]. Outcomes of patients undergoing
SADI-S have been evaluated in comparison to other hypoabsorptive procedures, demon-
strating promising results [7].

Despite being performed for over a decade, the outcomes of SADI-S have not been
thoroughly and directly compared to those of the widely practiced Sleeve Gastrectomy (SG).
This systematic review and meta-analysis sought to evaluate and contrast the intraoperative
and postoperative outcomes of patients undergoing SADI-S with those undergoing SG.

To the best of our knowledge, this study is the first to utilize this specific methodology
for a direct comparison between SADI-S and SG. By focusing on a direct comparison of
outcomes within the same analysis, this research adds to the existing literature by providing
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insights that may help refine surgical decision-making and contribute to understanding the
relative benefits and risks of these techniques.

2. Results
2.1. Studies Selection

The initial search across four databases retrieved a total of 1092 records, of which
421 were identified as duplicates and subsequently removed. Screening of the remaining
671 titles and abstracts led to the selection of 17 studies for full-text evaluation based
on predefined inclusion and exclusion criteria. After a comprehensive assessment, data
extraction was performed from five eligible English-language articles. The study selection
process, along with the reasons for exclusion, is depicted in the PRISMA flowchart (Figure 1),
generated using the online tool by Haddaway et al. [9].
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Figure 1. Search outputs based on PRISMA guidelines [10].

2.2. Study Characteristics

The selected studies were published over a span of four years, from 2019 to 2023.
All of them were observational studies, three being cross-sectional and two cohorts, and
included patients’ data from one to three years. Three studies were from the USA, and one
was from Italy and Romania. A detailed summary of the included studies, along with the
characteristics of the study population, is provided in Table 1.

Table 1. Study characteristics.

Author Year
Published Country Type of Study Years

Evaluated
Sample

Size
Age: Median

or Mean Sex (n = Female)
Length of the

Common Loop in
SADI-S Patients

Clapp et al. [11] 2023 USA Cross-sectional 2020 1500 42.65 1087 NR
Enochs et al. [12] 2020 USA Cross-sectional 2014–2015 608 46.5 875 300 cm
Sessa et al. [13] 2019 Italy Cross-sectional 2016–2018 16 40.95 9 250 cm

Soroceanu et al. [14] 2023 Romania Cross-sectional 2023 46 40.65 32 NR
Walton et al. [15] 2023 USA Cross-sectional 2017–2020 1423 44.07 1218 NR

USA: United States of America; NR: not reported.
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2.3. Outcomes of SADI-S and SG
2.3.1. Results of Syntheses

A total of 3593 patients were included in this study, comprising 461 (12.8%) who
underwent SADI-S and 3132 (87.2%) who underwent SG. The cohort had a mean age of
42.96 years, with females accounting for an average of 89.6% of the study population.

2.3.2. Age and Sex in Patients Undergoing SADI-S vs. SG

We evaluated the differences in age (Figure 2A) and sex (Figure 2B) in 3593 patients,
461 (12.83%) underwent SADI-S and 3132 (87.17%) underwent SG. A pooled odds ratio
was computed to assess the proportion of female patients, while the mean age difference
between the two groups was analyzed separately. The findings revealed no statistically
significant differences in either parameter.
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2.3.3. BMI in Patients Undergoing SADI-S vs. SG

We evaluated the mean difference in BMI among 3547 patients who underwent SADI-S
(n = 458, 12.91%) or SG (n = 3089, 87.88%), resulting in patients undergoing SADI-S having
a higher BMI than those undergoing SG (MD = 3.83, 95% CI = 0.52–7.14, p = 0.02) (Figure 3).
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2.3.4. Obesity-Associated Diseases in Patients Undergoing SADI-S vs. SG

A pooled odds ratio analysis was conducted for obesity-related comorbidities among
1516 patients, including 234 (15.43%) who underwent SADI-S and 1282 (84.56%) who
underwent SG. Hypertension and obstructive sleep apnea (OSA) were the only condi-
tions consistently reported across multiple studies. The analysis revealed that patients
undergoing SADI-S had a significantly higher likelihood of hypertension compared to
those undergoing SG (OR = 1.38, 95% CI = 1.04–1.84, p = 0.03) (Figure 4A). However, no
significant association was observed between the surgical procedure and OSA prevalence
(OR = 1.22, 95% CI = 0.92–1.61, p = 0.17) (Figure 4B).
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2.3.5. Operating Time (OT) in Patients Undergoing SADI-S vs. SG

We evaluated the mean difference in OT among 2939 patients who underwent SADI-S
(n = 298, 10.14%) or SG (n = 2641, 89.86%) resulting in patients undergoing SADI-S having
a higher OT with a MD of 65.97 min over SG (95% CI=61.71–70.25, p < 0.001) (Figure 5).
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2.3.6. Length of Stay (LOS) in Patients Undergoing SADI-S vs. SG

The mean difference in length of stay (LOS) was analyzed among 1516 patients,
including 234 (15.43%) who underwent SADI-S and 1282 (84.56%) who underwent SG.
The results indicated that patients undergoing SADI-S experienced a significantly longer
hospital stay, with a mean difference (MD) of 1.03 days compared to SG (95% CI = 0.70–1.37,
p < 0.001) (Figure 6).
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2.3.7. Postoperative Events in Patients Undergoing SADI-S vs. SG

We evaluated the pooled odds ratio (OR) for postoperative events in the first 30 days
postoperative, including complications, readmission, and reoperation. A total of 2923 pa-
tients who underwent either SADI-S (n = 289, 9.88%) or SG (n = 2634, 90.11%) were included.
Our analysis revealed that patients undergoing SADI-S faced a significantly higher risk of
postoperative events compared to those who underwent SG (OR = 3.17, 95% CI = 2.15–4.67,
p < 0.001) (Figure 7). However, subgroup analysis indicated that this elevated risk was
statistically significant only for readmission, with SADI-S patients demonstrating a greater
likelihood of readmission compared to SG patients (OR = 2.14, 95% CI = 1.08–4.26).
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2.4. %EWL at 2 Years in Patients Undergoing SADI-S vs. SG

We evaluated the mean difference in LOS among 624 patients who underwent SADI-S
(n = 169, 27.08%) or SG (n = 455, 72.91%), resulting in patients undergoing SADI-S having a
higher %EWL with an MD of 12.42% (95% CI = 0.92–23.92, p = 0.03) at 12 months (Figure 8).
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2.4.1. Heterogeneity and Risk of Bias Across Studies

The degree of heterogeneity varied across the evaluated outcomes: Age: I2= 71%;
percentage of female: I2 = 55%, BMI: I2 = 93%, Hypertension and OSA: I2 = 0%, OT and
LOS: I2 = 0%, postoperative events: I2 = 7%, and %EWL: I2 = 41%.

Figure 9 illustrates the comparison-adjusted funnel plots alongside the Egger test
results for various outcomes. The Egger test suggested potential publication bias (p < 0.1) in
studies evaluating postoperative complications, readmission, and reintervention. However,
due to the limited number of studies, the test could not be conducted for %EWL and LOS.
For OT, the Egger test did not indicate any evidence of publication bias (p = 0.357).
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2.4.2. Quality Assessment

The Newcastle–Ottawa Scale assessment results are presented in Table S1 of the
Supplementary Materials. Most studies received scores ranging from 6 to 9, with a median
score of 7.4, classifying them as good-quality studies.
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3. Materials and Methods
3.1. Study Design

A systematic review and meta-analysis were conducted to explore potential differences
in intraoperative and postoperative outcomes between SADI-S and SG. The review was
registered in the International Prospective Register of Systematic Reviews (PROSPERO)
under the ID CRD42024532504. This study adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Protocols (PRISMA-P 2020) guidelines [16]. Formal
ethical approval was not required or feasible, as this study utilized de-identified data
from previously published primary studies. The study population comprised patients
with severe obesity who underwent metabolic and bariatric surgery (MBS). We analyzed
outcomes in patients who underwent SADI-S compared to those who underwent SG alone.
The primary outcomes evaluated included length of hospital stay (LOS), operative time
(OT), reoperation rates, and the overall incidence of complications.

3.2. Information Sources and Search Strategy

A comprehensive search strategy was designed to explore multiple databases, in-
cluding PubMed, Embase, Cochrane Library, Scopus, Web of Science, and ScienceDirect.
Systematic searches were performed from each database’s inception up to March 2024. The
search terms incorporated keywords such as “SADI-S” OR “Single Anastomosis Duodenal-
Ileal Bypass” AND “Sleeve Gastrectomy”. A detailed search strategy, along with the full
list of search terms, is provided in Table S2 of the Supplementary Materials. The database
search was conducted on 15 April 2024.

3.3. Study Selection

Two independent reviewers conducted an initial screening of titles and abstracts
to assess relevance based on predefined inclusion and exclusion criteria. Full texts of
potentially eligible studies were then reviewed for final inclusion. Any disagreements
between reviewers were resolved through discussion or consultation with a third reviewer.
Studies were included if they directly compared adult patients (≥18 years) undergoing
SADI-S and SG within the same study and reported at least one relevant clinical outcome.
Eligible study designs were limited to cohort, case–control, and cross-sectional studies.
Exclusion criteria included studies with overlapping populations, non-English publications,
and animal studies. No restrictions were imposed on sample size or publication date.

3.4. Data Extraction

Data extraction was performed independently by two reviewers using a standardized
Microsoft Excel template. The extracted information included study characteristics (publi-
cation year, country of origin, sample size, study design, study period, and type of MBS
procedure), patient demographics (age, sex, body mass index [BMI], and obesity-related co-
morbidities), as well as intraoperative and postoperative outcomes. The assessed outcomes
encompassed length of hospital stay, operative time, reoperation and readmission rates,
overall complication rate, and percentage of excess weight loss (%EWL).

3.5. Bias and Quality Assessment

The quality of observational studies was assessed using the Newcastle–Ottawa Scale
(NOS), with two independent reviewers conducting the evaluations. The NOS assigns
a total score ranging from 0 to 9 stars, classifying studies as high quality (7–9), medium
quality (4–6), and poor quality (<4) [17]. Any discrepancies between reviewers were
resolved through discussion or, if necessary, by consulting a third reviewer.
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3.6. Statistical Analysis

Binary outcomes were analyzed using pooled odds ratios (OR) with 95% confidence
intervals, while continuous outcomes were evaluated using weighted mean differences
(WMD). The results were presented in tabular format, summarizing study and patient
characteristics, and visually illustrated through forest plots. Heterogeneity was assessed
using the I2 statistic, categorized as follows: substantial (≥75%), moderate (25%–75%),
and low (<25%), in accordance with Higgins et al. [18]. A p-value < 0.10 and an I2 > 25%
were considered indicative of significant heterogeneity. For pooled outcomes with high
heterogeneity, the DerSimonian and Laird random-effects model was employed [19].

Statistical analyses were performed using Review Manager 5.4 (Nordic Cochrane
Centre, The Cochrane Collaboration, Copenhagen, Denmark) and SPSS V.29. To mitigate
potential confounding factors in the comparison between SADI-S and SG, a subgroup anal-
ysis was conducted based on postoperative events, including complications, readmission
rates, and reintervention rates.

Publication bias was evaluated through visual inspection of funnel plots to assess
the symmetry of trial distributions, supplemented by Egger’s test. An asymmetrical
funnel plot combined with a p-value < 0.1 on Egger’s test was considered indicative of
publication bias [20].

4. Discussion
This systematic review and meta-analysis evaluated preoperative characteristics and

surgical outcomes in patients undergoing SADI-S versus SG. The findings from the five
included studies indicated that the SG group had significantly shorter operative times,
reduced postoperative hospital stays, and fewer readmissions compared to the SADI-S
group. However, patients undergoing SADI-S achieved a greater percentage of excess
weight loss.

Regarding the operative time, our meta-analysis supports that SG is associated with
a shorter operative time than SADI-S. This difference may be attributed to the greater
complexity of the SADI-S procedure, which combines a duodenoileal anastomosis with
sleeve gastrectomy [21]. Additionally, the surgeon’s learning curve may have influenced
these outcomes, as SADI-S is a relatively newer procedure compared to SG, which remains
the most frequently performed metabolic and bariatric surgery in the United States [4].
Although there are limited data to establish a definitive learning curve, some studies have
suggested the number of cases required to achieve competency and proficiency in SADI-S.
Pennestri et al. and Wang et al. reported a learning curve of 50 and 58 cases, respectively,
for SADI-S, whereas only 19 cases were needed to achieve a decrease in operative time
for SG [22,23].

The prolonged length of stay observed in patients who underwent SADI-S compared
to SG might be attributable to the longer operative time associated with this procedure.
Longer operative times often correlate with the complexity of surgeries, potentially increas-
ing the risk of intraoperative complications such as bleeding, leaks, or infections [24,25].
Hence, SADI-S could entail complications arising from both the sleeve component and
the duodenoileostomy, possibly resulting in a higher cumulative occurrence of complica-
tions [21]. These complications may necessitate intensified postoperative monitoring and
interventions, extending hospital stays. Moreover, a longer length of stay has been linked
to elevated rates of readmissions [26]. Our analysis revealed that patients who underwent
SADI-S exhibited higher rates of readmissions compared to those who underwent SG,
possibly due to a higher incidence of postoperative complications. However, it is essen-
tial to note that, due to a lack of information, we did not specifically analyze individual
postoperative outcomes such as bleeding or leaks, which could contribute to the increased
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readmission rates for SADI-S patients. Furthermore, as these results come from only two
studies, it should be considered the possible effect of the specific learning curve of the
surgeons in each study that performed the SADI-S. Randomized control trials that study
SADI-S postoperative outcomes are imperative to elucidate this aspect further and provide
clearer insights into the factors influencing readmission rates following MBS procedures.

The findings of this meta-analysis indicate that the percentage of excess weight loss
after one year was greater with SADI-S than with SG. This difference may be attributed to
SADI-S combining both hypoabsorptive and restrictive mechanisms, whereas SG primarily
relies on restriction, leading to more rapid weight loss in the short term [27]. SADI-S
emerges as a compelling option for patients requiring rapid and more significant weight
loss to become eligible candidates for additional surgical interventions such as joint replace-
ments, ventral hernia repair, or solid-organ transplantation [28–30].

This systematic review contributes to the understanding of the safety and feasibility
of SADI-S. In addition, it is the first study of its kind to compare SADI-S and SG with this
methodology. However, a key limitation of this review is the relatively small number of
studies included. Additionally, since all five studies were observational, there is a clear
need for high-quality research to further investigate strategies for optimizing surgical
outcomes following SADI-S. In this systematic review, the study population warrants
careful consideration, as three of the included studies were conducted in the USA, where
BMI tends to be higher compared to European populations [31]. These regional differences
emphasize the need to account for demographic and healthcare system variations when
applying findings from American cohorts to European clinical practice. Therefore, these
differences must be taken into account when conducting a thorough review of the relevant
studies. Additionally, substantial heterogeneity was observed among the analyzed studies
regarding age, sex, and BMI, which may have limited the identification of statistically
significant associations for these variables. Additionally, publication bias was recorded for
studies considering postoperative events, while other variables could not be calculated.
The limited number of included studies precluded a comprehensive meta-regression or
sensitivity analysis to further explore the observed heterogeneity, which may have also
impacted the assessment of potential bias.

Future directions and ideas for new research should focus on the analysis of the re-
lationship between SADI-S and other widely performed MBS procedures with multiple
mechanisms of action including hypoabsorption, restriction, and hormonal effects on pa-
tients at risk due to their severe obesity. These procedures encompass the one-anastomosis
gastric bypass (OAGB), the single-anastomosis sleeve ileal bypass (SASI), and the more
recently introduced sleeve gastrectomy with transit bipartition.

5. Conclusions
These results suggest that SADI-S is a viable surgical option for achieving significant

weight reduction in individuals with severe obesity, presenting a compelling alternative
to the more commonly performed SG. However, the associated longer operative times,
extended hospital stays, and increased readmission rates should be carefully considered
when selecting the optimal bariatric procedure for individual patients. It is imperative to un-
derscore the importance of individualized care. Given the higher risk of postoperative com-
plications associated with SADI-S, careful evaluation and personalized decision-making
with wise patient selection and rehabilitation are essential to optimize safety outcomes.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/gidisord7020027/s1, Table S1: Quality assessment of included
studies based on the Newcastle Ottawa scale. Search Table S2: terms for the meta-analysis in PubMed,
Scopus, Web of Science, and Science Direct databases.

https://www.mdpi.com/article/10.3390/gidisord7020027/s1
https://www.mdpi.com/article/10.3390/gidisord7020027/s1
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