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Abstract: Metabolic and bariatric surgery (MBS) is the most effective therapeutic intervention for
patients with obesity, with sleeve gastrectomy (SG) being the most commonly performed primary MBS
procedure. Long-term studies have demonstrated that 15–20% of patients require revisional bariatric
surgery (RBS) due to weight-related issues or surgical complications. Despite the gold standard
being laparoscopic revision, there are other available approaches such as open or robotic-assisted.
An extensive literature review was performed for articles from their inception to February 2024. A
descriptive review of MBS procedures (SG, Roux-en-Y gastric bypass (RYGB), single anastomosis
duodeno-ileostomy (SADI) and biliopancreatic diversion-duodenal switch (BPD-DS)) was carried out
to report and compare outcomes between primary and revisional bariatric surgery. A similar review
was conducted to compare outcomes of revisional approaches (open, laparoscopic, robotic). RYGB
remains the dominant RBS with a similar safety profile compared to revisional SADI and BPD-DS.
In terms of the RBS surgical approach, all three options showed comparable short and long-term
outcomes, with robotic RBS being associated with longer operative time and variable length of stay.
Additional long-term studies are required to further validate our conclusions.

Keywords: obesity; metabolic and bariatric surgery; revisional bariatric surgery; laparoscopic;
robotic-assisted

1. Introduction

Obesity is a chronic and endemic disease with increasing prevalence worldwide.
Metabolic and bariatric surgery (MBS) offers a safe and effective long-term method to
achieve weight loss and obesity-related medical condition improvement and resolution [1].
The number of performed MBS procedures has increased exponentially in parallel with
the global rise in obesity. Sleeve gastrectomy (SG) and Roux-en-Y gastric bypass (RYGB)
remain the most commonly performed primary MBS procedures [2]. Despite the well-
known long-term success of MBS, a certain number of patients require revisional surgery
following primary MBS procedures due to insufficient weight loss, weight recurrence and
surgical complications [3]. Indeed, revisional bariatric surgery (RBS) now represents 16.7%
of all bariatric procedures performed in 2019, with an overall increase of 60% in performed
RBS procedures in the USA between 2011 and 2019 [4].

Despite advancements within the bariatric surgical field, RBS remains a surgical
challenge due to the altered anatomy and the presence of significant adhesions. Recent
reports have demonstrated an increased incidence of 30-day complications, higher risk of
perioperative morbidity and mortality, longer operative time and inconsistent long-term
results associated with RBS compared to primary MBS procedures [5–7]. RBS has been
categorized by Brethauer et al. as either conversion, corrective, or reversal [8]. Corrective
procedures include preserving the anatomy of the primary MBS procedure and re-exploring
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the anatomy to overcome existing postoperative complications. Conversions include
rearranging the anatomy to perform a different bariatric procedure and reversals imply
the restoration of the original anatomy [5,9]. Corrective RBS is indicated mainly for the
management of chronic postoperative complications, such as marginal ulcer or anastomotic
stricture. Conversions are commonly performed due to insufficient weight loss, weight
recurrence, or recurrence of obesity-related medical conditions such as gastroesophageal
reflux disease (GERD). Reversals are typically a last resort RBS option for patients with
severe nutritional and metabolic deficiencies or excessive weight loss [10].

Traditionally, most reoperations are performed with an open approach, especially
when the primary MBS procedure was open. However, with technological advancements
offering a magnified view of the surgical field and allowing for the use of finer instruments,
the laparoscopic technique has been widely embraced, with data showing shorter recovery
time and decreased postoperative pain. The laparoscopic approach now represents the
standard surgical approach, with the robotic-assisted approach as a recent and effective
alternative in both MBS and RBS [5,11–13]. The utilization of such technology is advanta-
geous in dealing with complex surgical anatomy and can overcome difficulties typically
encountered in laparoscopic surgery. However, there is a scarcity in the current literature
demonstrating the long-term efficiency and role of a robotic-assisted approach in MBS
and RBS [11]. Zhang et al. reported that while robotic bariatric surgery was associated
with longer operative time, there was a similar safety and efficacy profile compared to
laparoscopic bariatric surgery [14].

Despite these challenges, the number of revisional procedures is expected to rise in
parallel with the rise in MBS procedures [5–7]. The aim of this review is to report the
indications for RBS following the most common primary MBS procedures, investigate the
outcomes of revisional procedures compared to primary MBS procedures and explore the
outcomes of the different revisional approaches (open, laparoscopic and robotic).

2. Indications for Revisional Bariatric Surgery

Sleeve Gastrectomy (SG)
SG is the most commonly performed bariatric procedure worldwide since 2015, with

laparoscopy being the gold standard surgical approach [2,15]. Laparoscopic sleeve gas-
trectomy (Lap SG) has emerged as a popular choice among bariatric surgeons, as it is
technically simpler than the traditional RYGB and has demonstrated favorable short and
long-term outcomes.

Lap SG has several notable advantages, which include reduced operative time, per-
ceived technical feasibility and excellent weight loss outcomes [16]. Despite these advan-
tages, Lap SG is associated with several potential drawbacks. Known potential compli-
cations include weight recurrence [17], GERD, sleeve stenosis and staple line leak [16].
The management of these complications is broad and often multidisciplinary but may
ultimately require revisional bariatric surgery.

2.1. Indications for Revision after Sleeve Gastrectomy
2.1.1. Weight-Related Issues (IWL and WR)

SG has demonstrated excellent excess weight loss (%EWL) results exceeding 50%
at 5-year follow-up [18]. Despite these results, studies have begun to show surprisingly
considerable rates of weight recurrence with long-term follow-up, with rates as high as
70% at 6 years and 80% at 10 years [17,19].

Weight-related complications after primary SG are classified as insufficient weight
loss (IWL) or weight recurrence (WR). The definitions for IWL and WR lack uniformity,
resulting in varied outcomes within the literature [20]. IWL is loosely defined as less
than 50% estimated weight loss (EWL) at 18 months after MBS. WR is generally defined
as undesired weight gain after MBS resulting in a body mass index (BMI) greater than
35 kg/m2 or an increase in weight exceeding 10 kg from the nadir body weight after MBS
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with recurrence of comorbidities [21]. IWL or WR are frequently identified as the most
common indication for revision after Lap SG [19,22,23].

The etiology of WR following Lap SG is likely multifactorial. Proposed mechanisms
include the creation of a large-volume sleeve gastrectomy, dilatation of the sleeve, incom-
plete removal of the gastric fundus, residual antrum and postoperative lifestyle factors [20].
Studies have shown a significant association between increased sleeve volume and rates
of WR [24]. Retained fundal tissue due to incomplete resection of the gastric fundus per-
mits continued release of appetite-stimulating ghrelin, hindering the metabolic weight
loss mechanism of Lap SG. A retrospective review conducted by Obeidat demonstrated
that patients with an antrum-remnant divided 6 cm from the pylorus were more likely to
experience WR compared with those divided at 2 cm from the pylorus [25]. Additionally,
routine postoperative follow-up and lifestyle behavioral adaptations, or lack thereof, may
influence the likelihood of WR following Lap SG [20,26–28].

Some studies suggest that WR is more commonly seen in restrictive bariatric proce-
dures, such as SG [29]. When revision is indicated for WR after Lap SG, various bariatric
procedures can be performed to restimulate weight loss, including re-sleeve gastrectomy,
conversion to RYGB, or conversion to biliopancreatic diversion with duodenal switch
(BPD-DS). SG was first performed as the first part of the two-stage BPD-DS surgery. Thus,
conversion to BPD-DS is an appropriate choice for patients with weight-loss failure after Lap
SG. RYGB is also a suitable option, especially in patients with concomitant GERD [29,30].

2.1.2. Gastroesophageal Reflux Disease (GERD)

Being a stomach restricting procedure by mechanism, SG has been implicated as a
risk factor for developing GERD. The creation of a gastric sleeve reduces gastric volume
while increasing intraluminal pressure, which may allow easier reflux of gastric contents.
Furthermore, SG may alter the angle of His or disrupt the LES, which can influence the
development of reflux [31,32].

Once a diagnosis has been made, dietary and lifestyle modifications and acid reduction
therapy, typically with proton pump inhibitors (PPIs), are employed as first-line therapy.
Patients who fail medical management may be candidates for surgical revision, in which
conversion to RYGB is considered the gold standard. RYGB is effective at treating reflux by
altering gastrointestinal anatomy to reduce esophageal exposure and bile reflux. Casillas
and colleagues found conversion to RYGB effective in improving GERD symptoms in 97%
of patients [33].

2.1.3. Sleeve Stenosis

Sleeve stenosis is one of the most common complications following Lap SG. The incidence
of SG stenosis has been reported to be 0.1–4%; however, some authors suggest that the true
incidence is much higher due to underdiagnosing [34–36]. SG stenosis can clinically manifest
as early satiety, nausea, dysphagia and rapid weight loss after Lap SG. In severe cases of
stenosis, the increased proximal luminal pressure can cause staple line leak.

Sleeve stenosis is often categorized as anatomic or functional, with the former being
much more commonly reported. Anatomic stenosis may be caused by technical aspects of
the operation, for example, oversewing of the staple line, improper stapler angulation, or
using an incorrectly sized bougie [34,35]. Functional stenosis is less common and thought
to be secondary to factors that disrupt the sleeve architecture, such as a misaligned staple
line, which can result in transient, or functional, sleeve stenosis [34,35,37].

The diagnosis and early management of SG stenosis is typically endoscopic. If endo-
scopic management fails to improve symptoms, patients may require revisional surgery.
The most common secondary surgery for stenosis after Lap SG is conversion to RYGB,
performed by creating a gastric pouch proximal to the area of stenosis. Other surgical revi-
sion options include seromyotomy and gastric wedge resection of the stenotic area [36,38].
These procedures can offer successful resolution of stenosis but are associated with higher
complication rates compared with RYGB [38].



J. Clin. Med. 2024, 13, 1878 4 of 16

2.1.4. Staple Line Leak

One of the most serious complications following bariatric surgery, staple line leak,
carries significant morbidity and the possibility of mortality. The overall incidence of staple
line leak following Lap SG is estimated to be 1–2% and is often classified based on the
timing of leak relative to surgery [39,40]. The degree of clinical manifestations due to a
staple line leak are variable and often influence the approach to management.

There are several factors thought to play a role in the cause of staple line leak after
Lap SG. Firstly, underlying patient factors and comorbidities may influence the acute
wound healing process, such as smoking, diabetes mellitus, and infection. Improper tissue
handling, incorrect bougie size, and the degree of tension when firing the stapler are also
factors that may influence the risk of leak. Interestingly, most leaks after Lap SG occur
along the proximal staple line near the gastroesophageal junction, suggesting an anatomic
consideration that may influence leak [40].

Early recognition of staple line leak is paramount to management. Endoscopic therapy
is the gold standard for management of staple line leak after SG. Many endoscopic proce-
dures exist to treat staple line leak, including deployed sealants, stenting, or clips. However,
the efficacy of these nonsurgical techniques remains unclear. In some scenarios, healthy and
stable patients can be managed conservatively with antibiotics, acid reducing medications
and drain placement. Revisional bariatric surgery is usually reserved for severe cases,
typically those that are chronic or have exhausted the limitations of endoscopic therapies.
Revisional surgery for staple line leak after SG often requires the removal of the faulty
staple line with creation of a new anastomosis at an area of healthy tissue. Staple line leak
cases need to be managed earlier rather than later since proximal GI leaks can potentially
lead to further complications such as gastrobronchial fistula [41]. The available surgical
options are Roux-en-Y esophagojejunostomy (RYEJ) or fistulojejunostomy. RYEJ has a low
rate of leak recurrence; however, it is associated with well-established complications related
to the new surgical anatomy, such as reflux and nutritional deficiencies [40].

Roux-en-Y gastric bypass (RYGB)
RYGB is a widely prevalent bariatric intervention, standing as the second most com-

monly performed procedure in the United States, following SG [2]. Despite being regarded
as a safe choice with proven short, mid and long-term efficacy in achieving significant
weight loss and resolving obesity-related medical conditions, RYGB is not without its
complications. Risks associated with this primary MBS procedure include the potential
development of long-term complications such as marginal ulcers (MUs) and anastomotic
strictures, weight recurrence and postprandial hypoglycemia [42], which tend to require
revisional surgery as an effective treatment method. Available RBS options (corrective, con-
version, reversal) following a failed primary RYGB include pouch resizing with/without
revision of the gastrojejunal anastomosis (GJA), distalizing RYGB (DRYGB), conversion to
Lap SG or BPD-DS, or complete reversal of the initial RYGB [43].

2.2. Indications for Revision after Roux-en-Y Gastric Bypass
2.2.1. Marginal Ulcer (MU)

MU is a common complication following RYGB, typically developing at or near
the gastrojejunal (GJ) anastomosis, with the majority occurring within the initial year
after the surgery. The reported incidence rate of MU displays considerable variability,
ranging from 0.6% to 25% [44,45]. Despite the uncertainty surrounding its exact etiology,
several potential risk factors have been identified, including diabetes, Helicobacter pylori
infection, tobacco use, alcohol consumption and nonsteroidal anti-inflammatory drug
(NSAID) use, among others [46]. Symptoms of MU can manifest differently, ranging
from asymptomatic cases to patients experiencing epigastric pain, nausea/vomiting, or
gastrointestinal bleeding. This diversity in symptoms could contribute to the observed
variations in reported incidence rates [46].

Upper endoscopy is considered as the gold standard in clinical practice for diagnosing
MU post-RYGB. Endoscopic examination allows the identification of single or multiple
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ulcers. Biopsies performed during endoscopy help exclude alternative causes of symp-
toms and confirm the diagnosis [47]. A computerized tomography (CT) scan can also be
commonly employed in outpatient or emergency cases, providing valuable insights and
facilitating early detection [48].

The initial MU management includes addressing modifiable risk factors like smoking,
NSAID use and alcohol, combined with the administration of proton-pump inhibitors and
sucralfate. However, when medical treatment proves insufficient for refractory or recurring
cases, or in the presence of associated gastrogastric fistulas, revisional surgery should be
considered [49]. Surgeons commonly recommend removing ulcerated GJ anastomoses
and restoring the integrity through hand-sewn or stapled reanastomosis for refractory or
ischemic MUs, with vagotomy considered if acidity is implicated [44,49,50].

2.2.2. Anastomotic Stricture

Anastomotic strictures are a relatively common complication following RYGB, with
reported incidence rates ranging from 0.8 to 27%. Such rates include both early and late post-
operative periods. Most strictures typically occur early following RYGB, with incidence rates
of 0.8–5% [51–54]. These strictures most commonly occur at two sites: the jejunojejunostomy
and the gastrojejunostomy, with the latter being the primary location of occurrence. Symptoms
often include persistent or worsening postprandial vomiting, usually accompanied by pain,
leading to dysphagia and malnutrition in severe cases [55].

The etiology of stricture formation is multifactorial and involves factors such as local
tissue ischemia, anastomotic tension, recurrent marginal ulceration and surgical technique,
among others [56]. Numerous studies have explored factors associated with GJ stenosis
in patients undergoing RYGB, with evidence suggesting that hand-sewn construction
of the gastrojejunostomy can reduce the incidence of strictures [55,57]. Multiple studies
have shown that circular-stapled anastomoses, especially the 21 mm stapler size, result
in significantly higher occurrence rates of stricture compared to linear-stapled and hand-
sewn techniques [54,58,59].

Early investigation with upper endoscopy is essential for patients who present with
upper gastrointestinal symptoms post-RYGB to assess the presence of a GJ stricture [52]. If
identified, immediate intervention is recommended, utilizing flexible endoscopy combined
with pneumatic balloon dilation to achieve a safe maximal diameter as well as lumen stents
following failed endoscopic treatments [60]. Studies have demonstrated the effectiveness
of this approach in managing early GJ strictures after RYGB, with successful responses
reported in 17% to 67% of cases following the initial dilation, and 3% to 8% requiring
three or more dilations [53,55]. Late strictures, however, exhibit reduced responsiveness to
endoscopic dilation, often necessitating revisional surgery. While the common approach in
such cases involves laparoscopic revisions, it is worth noting that the procedure may pose
technical challenges [53].

2.2.3. Weight-Related Issues (IWL and WR)

IWL and WR are recognized challenges that can occur after RYGB, leading to the
recurrence of obesity-related medical conditions and a decline in the quality of life [61].
Patients may experience a plateau in weight loss or, over time, regain some of the weight
initially lost. Despite RYGB’s effectiveness in achieving significant weight loss, long-term
success can be impeded by various factors, including anatomical and technical aspects,
genetic predisposition, psychological factors and behavioral determinants, among others.
Anatomical complications including the enlargement of the GJ stoma diameter, dilation of
the gastric pouch (greater than 5 cm in diameter) and the presence of a gastrogastric fistula
are associated with WR following RYGB [62].

Patients achieving significant initial weight loss may later experience substantial weight
recurrence, with rates reported at 36.9% after approximately 6.9 years post-surgery [63].
Another study by King et al. concluded that the largest and most significant change in weight
regain occurred 2 years after reaching the lowest weight and continued to increase 5 years
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following RYGB. The study suggested that 50.2% of patients experienced ≥15% weight regain
5 years after reaching the nadir [61]. The actual prevalence remains unclear because there is
no consensus on the definition for significant weight recurrence.

The management of weight relapse involves multiple strategies. Select cases may
benefit from obesity pharmacotherapies and endoscopic bariatric therapy [43,64,65]. Endo-
scopic therapies such as transoral outlet reduction (TORe) have become a popular treatment
option for WR management due to the feasibility of the endoscopic platform in reducing
the GJ anastomosis diameter and gastric pouch volume. This mechanical restriction created
by full-thickness endoscopic suturing also allows for adjustment in dietary behaviors by de-
creasing hunger and improving satiety [43,65]. Surgical revision, accounting for 16.8% of all
bariatric operations in 2019, reflects its popularity [2]. While revisional surgery is considered
a safe and viable option for managing weight recurrence, it is less effective than primary
procedures and has been associated with postoperative adverse events [66,67]. Common
revisional surgery options for WR following RYGB include pouch resizing with/without
revision of the GJA, DRYGB with/without pouch/GJA resizing, conversion to duodenal
switch (BPD-DS or SADI-S), conversion to single anastomosis jejunal-ileal bypass (SAJI),
or complete RYGB reversal [68]. While surgical revision is effective for inducing weight
loss in the short and mid-term, there is a risk of long-term complications such as severe
protein malnutrition, which would require further revision [69]. Conversion to BPD-DS or
SADI-S has been shown to provide promising long-term weight-loss outcomes; however,
due to technical difficulties and the association of early and late complications, it is not
commonly performed [70].

2.2.4. Postprandial Hypoglycemia (PPH)

PPH is a long-term complication of RYGB that is often unrecognized and difficult to
diagnose. It typically occurs within the first or second postoperative year with an incidence
rate of 0.1–34% [71]. Symptoms of PPH include confusion, altered levels of consciousness,
weakness, diaphoresis and possible visual disturbances after a meal rich in carbohydrates.
Symptoms are more pronounced with stress and physical activity [71,72].

The incomplete understanding of the underlying pathophysiology of PPH and variable
patient presentation make the management of PPH challenging [71]. Initial management
typically includes dietary and lifestyle modifications, such as adhering to frequent small
meals high in protein and fiber, and pharmacologic therapy, including acarbose, nifedipine,
octreotide and recent use of glucagon-like peptide 1 (GLP-1) receptor antagonists [72]. The
majority of patients are effectively treated with dietary modification alone. In refractory
cases, gastrostomy tube placement, revision/restriction of the gastrojejunostomy, or reversal
of the RYGB may be necessary [73]. Proposed mechanisms of PPH suggest that accelerated
passage of food in the Roux limb stimulates increased secretion of incretion, which elevates
postprandial levels of insulin and GLP-1. The reversal of the RYGB anatomy would restore
normal food passage and thus alleviate treatment-resistant PPH [71–73]. Further studies
are required to fully understand the etiology of PPH and refine treatment options in the
long term.

3. Outcomes of Primary Bariatric Surgery versus Revisional Surgery

Compared to primary MBS, RBS is considered technically challenging due to the
manipulated anatomy and presence of adhesions. As a result of this, the literature has
shown that operative time and the rates of intra-operative and postoperative complications
are significantly higher than primary MBS.

Pedziwiatr et al. conducted a meta-analysis and found that revisional RYGB was
associated with inferior short and long-term outcomes compared to the respective primary
RYGB. They reported that revisional RYGB had a significantly higher complication rate,
increased mortality rate and less substantial weight loss. No significant difference was
observed in the resolution of obesity-related medical conditions between the two RYGB
groups [74]. Mahawar et al. reported a greater risk of postoperative complications following
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revisional RYGB (29.5% vs. 13.9%) and revisional SG (10.5% vs. 5.2%) when compared
to their respective primary MBS procedures. The revisional RYGB group had a higher
mortality rate compared to primary RYGB (1.3% vs. 0.2%), which was not observed when
comparing revisional SG to primary SG (0% vs. 0.1%) [67]. Revisional SG (conversion to
SG) was reported to have a higher reoperation rate (4.8% vs. 1.6%) compared to the primary
SG group; this was not found among the primary and revisional RYGB groups, as they had
comparable rates (8.6% vs. 8.4%). Another significant variable noted was the increased leak
rate observed in the revisional RYGB group (5.8% vs. 1.0%) when compared to the primary
RYGB group. The study was in agreement with the literature and showed increased mean
operative time (201.6 min for the revisional RYGB group vs. 127 min for the primary RYGB
group, 133.2 min for the revisional SG group vs. 106 min for the primary SG group) and
increased mean length of stay (5.8 days for the revisional RYGB group vs. 4.5 days for the
primary RYGB group, 3.8 days for the revisional SG group vs. 3.6 days for the primary
SG group) [67].

Zhang et al. performed a matched comparative analysis and reported that revisional
RYGB resulted in increased conversions to open surgery, higher intraoperative bleeding
(463.7 mL vs. 133.3 mL), greater likelihood of admission to the intensive care unit (14%
vs. 1%), higher 30-day reoperation rate (9% vs. 2%), longer operative time (272.5 min vs.
175.5 min), longer length of stay (5.6 days vs. 2.5 days), higher readmission rate (16% vs. 7%)
and greater incidence of intraoperative (8% vs. 1%) and postoperative complications (55%
vs. 28%) compared to primary RYGB [75]. It was also found that revisional RYGB led to a
significantly lower percentage of weight loss at 1 year (27% vs. 37%), indicating that primary
RYGB provides sustained weight loss in comparison. There was no significant difference
in the 30-day mortality rate between the two groups [75]. Similar results were presented
by Vallois et al. in a more recent matched analysis; again, revisional RYGB resulted in
a significantly lower excess weight loss at 1 year compared to primary RYGB. When
comparing weight loss outcomes, it was revealed that patients who underwent primary SG
experienced superior and sustainable weight loss compared to patients who underwent a
conversion to SG (75.9% vs. 62.6%, p = 0.008) [76]. Iranmanesh et al. reported significantly
longer operative times (203 min vs. 154 min, p < 0.001), increased readmission rate for oral
intolerance (10.5% vs. 6.7%, p = 0.046) and increased risk of gastrojejunal stricture (6.4%
vs. 2.7%, p = 0.013) were found in the revisional robotic RYGB group compared to the
primary robotic RYGB group. However, there were no significant differences in overall
complications, anastomotic leak, conversion, or reoperation rates [77].

In the discussion on RBS, single anastomosis duodeno-ileostomy (SADI) and BPD-DS
are typically surgeries that patients are revised to. Therefore, the literature in looking
at SADI and BPD-DS revisions themselves is much scarcer. Bennett et al. reported that
revisional DS procedures were associated with higher risk of SSI, increased reoperation
rate and greater readmissions [78]. The study reached the conclusion that, similar to the
superior profile of SG in the field of MBS, revisional SG/conversion to SG demonstrates
an improved early postoperative safety profile and superior outcomes in comparison to
revisional RYGB and DS [78].

Most comparison studies concluded that the robotic approach is a safe alternative
with similar postoperative morbidity, longer operative time and higher costs when
compared to the laparoscopic approach. However, several studies did report decreased
incidence of anastomotic leak, conversion to open surgery, postoperative bleeding and
stricture rates [79–82].

Although most of the studies investigating comparing MBS and RBS are retrospective
in nature with differing patient populations and numbers, they all present similar outcomes
of increased perioperative complications associated with RBS procedures. Despite these
risks, the indications for RBS and therapeutic benefits achieved by RBS with weight loss,
improvement in surgical complications and remission of obesity-related medical conditions
outweigh the risks and potential negative postoperative outcomes.
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4. Open versus Laparoscopic Approach

There is no clear standardized surgical approach or procedure in revisional surgery.
While the laparoscopic approach has been deemed as the most frequently utilized surgical
technique for bariatric surgery, open revisional procedures are still performed. Shimizu et al.
reported significant differences in postoperative complications when comparing open revi-
sional surgery to laparoscopic revisional surgery. The open approach was found to have a
significant increased length of stay (9.5 days vs. 5.4 days, p = 0.03), increased intraoperative
bleeding (246.2 mL vs. 122.1 mL, p < 0.01), greater risk of early complications (39.4% vs.
15.7%) and higher rate of minor complications (30.3% vs. 13.2%) [83]. Buchs et al. compared
the postoperative outcomes after open and laparoscopic revisional RYGB. Despite the pop-
ularity of the laparoscopic approach, open revisional RYGB was associated with decreased
postoperative complications (10.7% vs. 14.3%) and a shorter operative time (250 min vs.
270 min). Laparoscopic revisional RYGB was found to have a shorter length of hospital
stay (8 days vs. 9 days) and a lower late reoperation rate (19% vs. 25%) when compared to
the open group [6] (Table 1).

Table 1. Open vs. laparoscopic approach of revisional bariatric surgery.

Study Year
Published

Operative Time
(min)

Overall Postoperative
Complication Rate (%)

Length of Stay
(Days)

Reoperation
Rate (%)

Open Lap Open Lap Open Lap Open Lap

Shimizu et al. [83] 2013 - - 39.4 * 15.7 * 9.5 * 5.4 * - -
Buchs et al. [6] 2014 250 * 270 * 10.7 14.3 9 8 25 19

Data are presented as frequency and percentage for categorical variables. Mean values of each variable were used.
Lap: laparoscopic. * Represents statistically significant difference (p < 0.05).

Other than the above-mentioned studies, there is a scarcity in the current literature
comparing open revisional surgery and laparoscopic revisional surgery. However, the
results from above indicate that the laparoscopic approach is associated with an optimal
safety and efficacy profile in MBS and RBS procedures.

5. Laparoscopic versus Robotic Approach

The minimally invasive approach has become the standard of care in MBS, with
laparoscopic surgery being the gold standard for primary bariatric surgery. Due to surgical
advancements and the introduction of innovative technology, the robotic approach has been
deemed as an advantageous alternative approach for complex procedures. Laparoscopic
surgery has its own limitations of two-dimensional visualization, rigid instruments and
poor ergonomics. These limitations are prominent in RBS when encountering a complex
anatomy and intense adhesions. The robotic approach could overcome such limitations
with improved ergonomics, improved camera control, three-dimensional visualization and
flexible endowristed instruments [11,12,84].

King et al. performed a retrospective analysis comparing the laparoscopic approach
versus the robotic approach in RBS. They reported that the robotic approach had a decreased
rate of 30-day major complications with no significant differences in minor complications,
intraoperative complications, or readmission rates when compared to the laparoscopic
approach [85]. While King et al. did not encounter any conversions to open surgery,
Nasser et al. concluded that the robotic approach of RBS was associated with a higher
incidence of conversion to open surgery (0.5%) compared to the laparoscopic approach [86].
This could be explained by varying levels of surgeon expertise and surgeon comfort. It is
also possible that the institution’s nature could play a role, as a high-volume robotic center
may have a lower conversion risk due to the training and preparedness of the surgical
staff. The learning curve of the institution and the surgical teams’ training could also be
correlated with operative time. The consensus among the literature is that the robotic
approach is associated with a longer operative time, while the length of hospital stay is
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inconsistent and conflicting, with some studies reporting a shorter hospital stay [6,87] while
others reported a longer stay [85,86]. A recent analysis of 26,404 revision cases from the
MBSAQIP database found longer operative time (119.5 vs. 173.7 min, p < 0.0001) and length
of stay (1.9 vs. 2.3 days, p = 0.0002) with the robotic approach [88].

Buchs et al. compared the postoperative outcomes after revisional laparoscopic and
revisional robotic RYGB. The robotic group was associated with a lower risk of postop-
erative complications (0% vs. 14.3%), decreased open conversion rate (0% vs. 14.3%),
shorter length of hospital stay (6 days vs. 8 days) and longer operative time (352 min vs.
270 min) [6]. Beckmann et al. performed a similar analysis and found a shorter length of
stay (4.9 vs. 6.2 days) and fewer postoperative complications (7.3% vs. 22.2%) with the
revisional robotic RYGB group [87].

Acevedo et al. further compared revisional laparoscopic RYGB and revisional robotic
RYGB and reported a higher rate of postoperative sepsis in the robotic group when com-
pared to the laparoscopic group (1.0% vs. 0%, p = 0.04). Within the same study, it was found
that revisional laparoscopic RYGB had a higher rate of transfusion requirements compared
to revisional robotic RYGB (2.9% vs. 0.6%, p = 0.02) [88]. Nasser et al. also reported
that revisional robotic RYGB had significantly lower risk of perioperative morbidity with
lower rates of respiratory complications, surgical site infection and postoperative bleeding
requiring transfusion than revisional laparoscopic RYGB [86]. When comparing revisional
laparoscopic SG and revisional robotic SG, Nasser et al. demonstrated an increased risk
of SSI and sepsis in the robotic group. A significantly higher reoperation rate was also
reported in the revisional robotic SG group [86]. Further studies are required in order to
fully differentiate the variability in surgeon technique and experience to truly determine
what factors are contributing to such differences.

In exploring the MBSAQIP database, Clapp et al. reported that the laparoscopic
approach of RBS and robotic approach of RBS were equivalent in overall postoperative
complication rates. The only significant differences noted between the two groups were the
operative time and length of stay, which were both increased in the robotic group. They
concluded that the robotic approach is as safe as the well-known laparoscopic approach [89].
The recent systematic review and meta-analysis by Bertoni et al. showed comparable results
in comparing postoperative complications, conversions, length of stay and operative time
between the laparoscopic and robotic approach, concluding that while the robotic RBS had
no significant advantage over laparoscopic RBS in terms of those variables, the robotic
approach did show an equivalent safety and efficacy profile [7]. Moon et al. also presented
similar findings, reporting no difference between the laparoscopic RBS and robotic RBS
groups in the mean length of hospital stay, 30-day readmission rate, or 30-day reoperation
rate. The results remained similar when the baseline difference in body mass index was
accounted for [90] (Table 2).

Despite the documented longer operative time in most of the literature, the robotic
approach could be proposed as an alternative to the laparoscopic approach due to the
comparable risk of postoperative complications experienced in both approaches.
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Table 2. Laparoscopic vs. robotic approach of revisional bariatric surgery.

Study Year
Published Operative Time (min) Overall Postoperative

Complication Rate (%) Conversion to Open Surgery (%) Length of Stay (Days) Reoperation Rate (%)

Lap Robotic Lap Robotic Lap Robotic Lap Robotic Lap Robotic

King et al. [85] 2021 - - 5.2 1.9 - - 62.6 h * 40.2 h * - -
Nasser et al.
[86] 2020

For SG: 101.9 * For SG: 145.2 * For SG: 4.5 * For SG: 6.7 * For SG: 0.1 For SG: 0.3 For SG: 1.7 * For SG: 1.9 * For SG: 1.5 * For SG: 2.4 *

RYGB: 153.9 * For RYGB:
196.7 * For RYGB: 11.6 * For RYGB: 9.3 * For RYGB: 0.6 For RYGB: 0.7 For RYGB: 2.4 For RYGB: 2.4 For RYGB: 3.9 For RYGB: 3.8

Acevedo et al.
[88] 2020 119.5 * 173.7 * - - 1.0 1.1 1.9 * 2.3 * 2.8 * 3.7 *

Buchs et al. [6] 2014 270 * 352 * 14.3 0 14.3 0 8 6 19 9.1
Beckmann
et al. [87] 2020 167.6 * 130.7 * 22.2 7.3 - - 6.2 * 4.9 * 11.1 2.4

Clapp et al.
[89] 2019 103.7 * 167.7 *

No overall rate
but found no
significance
between groups
for each
complication

No overall rate
but found no
significance
between groups
for each
complication

- - 1.7 * 2.3 * - -

Bertoni et al.
[7] 2021 124 173 7.5 8.1 0.3 0.5 2.0 2.3 2.5 3.1

Moon et al.
[91] 2020 113.3 * 155.5 * - - - - 2.0 2.5 0 3.3

Data are presented as frequency and percentage for categorical variables. Mean values of each variable were used. Lap: laparoscopic. SG: sleeve gastrectomy. RYGB: Roux-en-Y gastric
bypass. * Represents statistically significant difference (p < 0.05).
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6. The Evolution of Robotic Surgery and the Learning Curve

Due to the complex surgical anatomy and extensive adhesiolysis and intensive dissec-
tion required, robotic-assisted RBS is an appealing approach. Despite the novel inclusion
of robotic training in general surgery residency and fellowship curriculums, the literature
on robotic RBS is limited. Only a few reports demonstrate the effectiveness of robotics
for revisional surgery with overall complication rates of 0–17% along with acceptable
postoperative weight loss [6,13,91]. Several studies have focused on the learning curve
of robotic MBS procedures. Although a specific number of cases required has not been
established, the literature has revealed a faster-paced learning curve for the robotic platform
when compared to the conventional laparoscopy. Buchs et al. reported that the robotic
RYGB learning curve was around 15 cases compared to the 75–100 cases for laparoscopic
RYGB [92,93], with a significant decline in operative time of robotic RYGB and surgical
mastery after the completion of 14 cases [94]. Vilallonga et al. demonstrated 20 cases as the
learning curve for robotic SG and showed a decrease in operative time once this number
has been achieved [95]. Romero et al. established that once the initial 25 cases of robotic SG
were performed, a trend in decreasing operative time was observed [96].

Despite the growing demand and interest for the robotic approach and the shorter
learning curve, operative times remain shorter and favorable with the laparoscopic ap-
proach. Longer operative times associated with the robotic technique could be explained
by the time to properly dock the robot and the use of hand sewing techniques versus the
common use of stapling anastomosis techniques observed in laparoscopic procedures [9,13].
The use of ergonomic and articulated instruments with a three-dimensional visualization
and multi-quadrant access of the surgical field allows for fine dissection, proper handling
of fragile tissue and hand-sewn anastomoses. This could result in improved postoperative
outcomes when compared to the laparoscopic approach. Several studies have reported that
despite the longer operative time and cost of surgical training, the robotic approach offers
lower anastomotic leak rates compared to the laparoscopic approach [8,9,13,79,97]. The
challenge of operating in a hostile environment with abdominal wall thickness, excessive
visceral fat, modified tissue planes and extensive adhesions explains the risk of such leaks.
Snyder et al. reported a significant difference in the incidence rate of GJ anastomotic
leaks between the laparoscopic stapler group and robotic hand-sewn group (1.7% vs. 0%,
p = 0.04) [79]. The meta-analysis by Li et al. also found that while there were no significant
differences in the overall postoperative complications, the reoperation rate, conversion rate,
mortality rate, or length of stay, the robotic approach had a lower incidence of anastomotic
leak [98]. This suggests that the robotic approach could be a beneficial alternative to the
laparoscopic approach in the RBS field and should be advocated for with proper training.

Operative time depends on the surgical skillset and learning curve and is also related
to the procedure and its associated complications, as well as the clinical condition of the
patient population. It is important to note that the learning curve is not solely concerning
the technical skills of the surgeon but also involves the knowledge, expertise and ability of
the surgical staff in proper setup, docking and instrument handling [95,99]. As with every
new technique and technology, it is natural for a surgical team to need time to become
fully acquainted. A standardized training program should be established with simulator
training to aid in the transition of efficiently adopting robotic procedures. It can be assumed
that once the learning curve is overcome and completed, improved outcomes might be
achieved, and the cost-effectiveness of the robot could overrule the standard laparoscopic
approach [98]. Gray et al. reported that the surgeon’s experience in performing a robotic
procedure has a direct correlation with the surgical outcomes of the procedure [100]. This
highlights the importance of abiding by proper surgical training of specific techniques and
procedures and completing the learning curve to efficiently perform robotic procedures.

Recent years have witnessed a significant increase in revisional bariatric surgeries,
as evidenced by a decade-long study involving 822 fellows in Fellowship Council (FC)-
accredited programs from 2010 to 2019. The data reveal a noteworthy doubling of major
revisional bariatric cases per fellow, indicating a discernible trend in the metabolic and
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bariatric surgery landscape. Interestingly, this surge is not uniform across all fellowship
programs; rather, a select group of high-volume programs seems to be driving the increase
in RBS procedures. This concentration underscores the importance of carefully choosing
training programs, not only for exposure to primary MBS procedures but also for hands-on
experience with revisional interventions. The study concludes that the growing prominence
of RBS emphasizes the need for specialized training programs to adapt to the evolving
dynamics of this field and facilitate the opportunity for residents and fellows to be properly
exposed to the robotic platform and engage with it in a hands-on experience [101].

7. Conclusions

Long-term studies have demonstrated that up to 15% of patients require revisional
bariatric surgery (RBS) due to weight-related issues or surgical complications, with expec-
tations of increasing rates mirroring the increase in primary MBS procedures [2]. Several
distinct surgical options exist and are dependent on the indication for revision, patient
factors, surgeon experience and institution. Although RBS is often necessary and clinically
indicated, it is important for surgeons to consider the potential increased risks associated
with revision surgery. RBS has been reported to carry a higher rate of morbidity and
reoperation compared to primary MBS [22]. Therefore, future studies are necessary to
identify factors associated with increased risks of undesired outcomes following primary
MBS procedures.

The growing utilization of the robotic approach in bariatric surgery highlights the
significance of fully understanding its role in RBS. Even though scarce evidence is currently
available, published results are promising. Our review, in agreement with recently pub-
lished systematic reviews and meta-analyses, revealed that the robotic approach in RBS
is a feasible alternative to the popular laparoscopic approach despite a lack of evidence
presenting a clear significant advantage. Further comprehensive research is required to
fully investigate the variety in surgeon methodology, level of experience and surgical
proficiency of the surgeon, surgical staff and institution and ascertain if these variables are
significantly contributing to the rise in these distinctions.
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