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Abstract
Purpose of Review Knowledge regarding postoperative outcomes after bariatric and metabolic surgery continues to evolve. This
review highlights key findings in outcomes research over the last 5 years related to weight loss, remission of obesity-related
disease, reflux, revisional surgery, robotic-assisted surgical platforms, and adolescent populations.
Recent Findings Sleeve gastrectomy (SG) and Roux-en-Y gastric bypass (RYGB) produce similar weight loss patterns at 5 years,
while duodenal switch (BPD/DS) and related procedures are associated with maximal weight loss overall and optimal resolution
of obesity-related comorbidities. Remission of type 2 diabetes mellitus (T2DM) following surgery is more likely in patients who
are not insulin dependent prior to surgery. Bariatric and metabolic surgery offers a significant protective effect against coronary
artery disease (CAD) and associated interventions in both diabetic and nondiabetic patients, as well as heart failure (HF).
Gastroesophageal reflux disease (GERD) and dysphagia following SG are common, and routine endoscopic surveillance for
Barrett’s esophagus may be of significant utility. Robotic-assisted laparoscopic platforms concur similar outcomes to laparo-
scopic intervention, with a potential benefit in high BMI patients. Revisional surgery is most commonly performed for weight
regain and/or inadequate weight loss following an index procedure, or reflux, and generally characterized by higher postoperative
complication rates and longer inpatient lengths of stay (LOS). Surgical intervention in adolescent populations has similar weight
loss and postoperative complication profiles to those seen in adult populations, with improved outcomes related to T2DM.
Summary Bariatric and metabolic surgery continues to evolve as a treatment for obesity and obesity-related comorbidities.While
effective for weight loss and remission of obesity-related disease, SG is associated with high rates of postoperative GERD.

Keywords Bariatric surgery .Metabolic surgery .Outcomes .Weight loss . Type 2 diabetesmellitus (T2DM) .Gastroesophageal
reflux disease (GERD)

Introduction

Bariatric and metabolic surgery is a dynamic and ever-
evolving field that has established itself as highly effective

therapy for obesity and obesity-related comorbid conditions.
Over the past several years, clear trends have emerged. The
annualized case volumes between 2015 and 2018 indicate an
overall growth rate of 21.9% and account for 760,076 total
cases (Table 1) [1]. Significant changes in practice patterns
during this time period are demonstrated by a number of
well-defined shifts in preferred procedures and approaches.
Sleeve gastrectomy (SG) continued to be the most common
procedure performed in the USA and grew by 30.4%. This
accounts for 62% of all primary bariatric procedures and is
performed 2.7 times more frequently than Roux-en-Y gastric
bypass (RYGB), the next most common procedure per-
formed. Also, during this time period, placement of laparo-
scopic adjustable gastric bands declined by 65.9%. While the
overall case volume remains low, the rate of duodenal switch
(BPD/DS) procedures increased by 115.8%. The vast majority
of all bariatric and metabolic surgery cases are performed
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laparoscopically; however, robotic-assisted surgery, natural
orifice transluminal endoscopic surgery (NOTES), and addi-
tional alternative approaches are starting to gain popularity
(Table 2). In 2018, robotic-assisted procedures accounted for
approximately 10% of all cases, nearly twice that of 2015 [1].

This review evaluates contemporary data regarding post-
operative weight loss patterns and remission of obesity-related
comorbid conditions following bariatric and metabolic sur-
gery, as well as outcomes related to revisional surgery,
robotic-assisted surgical platforms, and surgical interventions
in adolescent populations. Of particular relevance given the
increased frequency of sleeve gastrectomy (SG), recent liter-
ature related to postoperative gastroesophageal reflux disease
(GERD) and Barrett’s esophagus is also discussed. Except as
specifically discussed in the adolescent portion of this review,
all publications and data pertain to adult populations.

Weight Loss

As sleeve gastrectomy (SG) has grown in popularity alongside
Roux-en-Y gastric bypass (RYGB), several authors have
sought to elucidate key differences in the medium and long-
term outcomes of both procedures. While observed weight
loss at 5 years for both laparoscopic SG and RYGB tends to

favor RYGB, differences between the two procedures in this
regard do not reliably reach statistical significance [2, 3].
Notably, in a recent randomized controlled trial including
217 patients who underwent SG or RYGB, no statistically
significant difference in excess BMI loss at 5 years was iden-
tified, although data tended to favor RYGB (61.1% for SG, vs.
68.3% for RYGB, p = 0.22 after adjustment for multiple com-
parisons) [2•]. Similarly, a clinical equivalence trial between
the two procedures including 240 patients who underwent
laparoscopic SG or RYGB failed to demonstrate clinical
equivalence between the two procedures. While authors cited
a slightly higher mean percentage of excess weight loss
(%EWL) following RYGB, they were not able to demonstrate
a statistically significant benefit to RYGB over SG at 5 years
[3•].

While extended data on weight loss outcomes following
SG is still lacking, a recent 12-year prospective observational
study evaluating RYGB suggests reasonable durability of 2-
and 6-year weight loss patterns associated with this procedure
[4•]. Among 418 patients in the surgical arm of the study,
mean percent change in body weight was found to be − 35%
at 2 years, as compared with − 28.0% at 6 years and − 26.9%
at 12 years.

For patients with super morbid obesity (BMI > 50) and/or
inadequate weight loss after sleeve gastrectomy in the absence

Table 2 Frequencies of bariatric procedures by surgical approach in the USA, 2015–2018

Total bariatric cases
by year, n (%)

2015 2016 2017 2018 % Change from
2015 to 2018

Laparoscopic 155,078 (92.3) 169,568 (90.8) 180,328 (89.9) 180,979 (88.4) + 16.7%

Robotic-assisted 9866 (5.9) 12,028 (6.4) 14,886 (7.4) 19,335 (9.4) + 96.0%

Open 1671 (1.0) 1709 (1.0) 1575 (0.9) 1420 (0.7) − 15.0%
Other 1478 (0.8) 3467 (1.8) 3585 (1.8) 3103 (1.5) + 109.9%

Total bariatric cases 168,093 186,772 200,374 204,837

Frequencies of bariatric procedures performed in the USA based on operative approach, 2015–2018. The designation of “other” includes natural orifice
transluminal endoscopic surgery (NOTES), hand-assisted, and single incision approaches. Most notably, the number of robotic-assisted procedures and
“other” procedures has grown by 96.0% and 109.9% respectively [1]

Table 1 Frequencies of primary bariatric procedures in the USA, 2015–2018

Total bariatric cases by year, n (%) 2015 2016 2017 2018 % Change from 2015 to 2018

Total sleeve gastrectomies 98,292 (58.5) 114,251 (61.2) 125,518 (62.6) 128,209 (62.6) + 30.4%

Total RYGB 43,354 (25.8) 43,792 (23.4) 45,651 (22.8) 47,113 (23.0) + 8.7%

Total lap band placements 4639 (2.8) 3218 (1.7) 2143 (1.1) 1583 (0.8) − 65.9%
Total BPD/DS 1264 (0.8) 1588 (0.9) 2069 (1.0) 2728 (1.3) + 115.8%

All other cases 20,544 (12.1) 23,923 (12.8) 24,993 (12.5) 25,204 (12.3) + 22.7%

Total bariatric cases 168,093 186,772 200,374 204,837 + 21.9%

Frequencies of the four most common primary bariatric procedures performed in the USA, 2015–2018. Bariatric procedures are increasingly being
performed annually, with an overall increase of 21.9% between 2015 and 2018. Significant changes in practice patterns are highlighted by a 65.9%
decrease in the number of laparoscopic band placements, while BPD/DS and sleeve gastrectomies have increased by 115.8% and 30.4% respectively
over the given time period [1]. RYGB, Roux-en-Y gastric bypass; BPD/DS, biliopancreatic diversion with duodenal switch
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of gastroesophageal reflux disease (GERD), biliopancreatic
diversion with duodenal switch (BPD/DS) and related proce-
dures remain procedures of choice for maximal weight loss,
with %EWL ranging from 70 to 80% at 2 years [5–7].

Beyond the type of operation, long-term weight loss fol-
lowing bariatric and metabolic surgery is significantly predict-
ed by short-term changes in energy intake and dietary distri-
bution postoperatively [8]. Specifically, short-term reductions
in energy intake (p < 0.001) at 6 months as well as changes in
relative proportions of energy from carbohydrates (p < 0.001),
fat (p < 0.001), and protein (p < 0.05) were significantly asso-
ciated with 10-year weight change after bariatric surgery. Men
and women with the largest reductions in energy intake at
6 months lost 7.3% and 3.9%moreweight, respectively, when
compared with study subjects who showed the smallest intake
reductions (p < 0.001). Greater weight loss was also observed
in patients who favored protein and carbohydrates over fat,
and in subjects who favored protein over carbohydrates, than
in patients who favored the opposite dietary macronutrient
compositions (p < 0.05) [8].

Remission of Obesity-Related Disease

The impact of bariatric and metabolic surgery on obesity-
related disease is significant, and for many patients, it is the
primary driver for surgical intervention [9] (Table 3). With
regard to type 2 diabetes mellitus (T2DM) in particular, re-
mission of disease following surgical intervention is signifi-
cantly more likely among surgically treated patients than
among those who receive no therapy or medical therapy alone
[10–12]. Although more recent prospective trials and long-
term studies question the near-complete remission rates pur-
ported by Buchwald’s classic 2009 meta-analysis (95.1% for
BPD/DS, 80.3% for RYGB, 79.7% for gastroplasty, and
56.7% for adjustable gastric banding), using contemporary
criteria for complete remission, resolution of T2DM does oc-
cur in many patients following surgical intervention and is
reasonably well-sustained at extended follow-up [3, 4, 7,
12]. A recent meta-analysis examining partial and complete
remission of T2DM in patients treated with RYGB reported
rates of 52.5% at 5 years, however only 27.5% at 5 years [12].
Among patients undergoing laparoscopic RYGB, baseline
disease severity and antidiabetic medical requirement are sig-
nificantly associated with overall long-term outcomes. In the
overall diabetic population, remission of T2DMwas observed
in 75% of patients at 2 years, as compared with 62% of pa-
tients at 6 years and 51% of patients at 12 years. Lowest rates
of remission were observed in patients with baseline insulin
dependence, followed by those who were reliant on oral anti-
diabetic medication only, followed by those who did not re-
quire medication at baseline (16% at 12 years, versus 56% and
73%, respectively) [4•]. Authors attributed this distribution in

outcomes to the variability of pancreatic beta cell function at
time of surgery, specifically the greater potential for beta cell
recovery in patients not yet requiring insulin. These findings
are supported by other recent publications, where duration of
T2DM less than 8 years at time of surgical intervention was
the main predictor of ultimately achieving satisfactory disease
control or remission (HgbA1c% < 6) [11].

As compared with RYGB, the impact of SG on T2DM
remission is less well-studied; however based on recent pub-
lished evidence, it does not appear significantly inferior to that
seen with RYGB at medium-term follow-up [3, 11]. In a re-
cent prospective clinical equivalence trial, complete or partial
remission rates of T2DM at 5 years were observed in 37% of
patients who underwent SG, as compared with 45% of pa-
tients who underwent RYGB (p > 0.99). Similarly, 5-year fol-
low-up results of the STAMPEDE trial found excellent glyce-
mic control (defined as HgbA1C < 6%) of 29% in patients
treated with RYGB versus 23% of those treated with SG,
without a statistically significant benefit to RYGB observed.
Reductions in the rate of insulin use between patients treated
with RYGB and SG were also similar (− 35% vs. − 34%,
respectively) [11]. With additional long-term data and larger
study populations, differences between these two procedures
with respect to long-term remission of T2DM may be better
understood. BPD/DS is supported in recent literature as the
most effective and durable option for treatment of T2DM in
surgically treated patients. In their 2015 randomized con-
trolled trial, Mingrone et al. found BPD/DS to be superior to
RYGB in sustaining remission of T2DM at 5 years postoper-
atively—specifically, 53% of patients with baseline T2DM
treated with RYGB who experienced remission at 2 years
had disease relapse at 5 years, as compared with only 37%
of patients treated with BPD/DS [10]. Interestingly, changes
in weight were not associated with remission or relapse of
T2DM, a finding confirmed by other studies [10, 11]. With
regard to cardiovascular disease, bariatric and metabolic sur-
gery has long been associated with improvements in hyper-
tension, hyperlipidemia, and overall cardiovascular health.
Particularly in patients with T2DM, several recent publica-
tions have highlighted a protective effect of surgical interven-
tion against adverse cardiovascular outcomes. When com-
pared with non-surgically treated controls, surgically treated
patients with insulin-dependent T2DMwere observed to have
significantly higher probability of survival related to non-fatal
coronary artery disease at 1-, 5-, and 10-year follow-up (98%
vs 89.6%, 92.2% vs 67.6%, and 84% vs 53.1% respectively,
log-rank test p < 0.001) [13]. Probability of survival for non-
fatal peripheral arterial disease (PAD) was also significantly
reduced at 5- and 10-year follow-up (90.5% vs 78.8% and
84.0% vs 53.1% respectively, log-rank test p = 0.007).
Outcomes for non-fatal acute myocardial infarction (AMI),
stroke, and heart failure (HF) had little to no statistically sig-
nificant differences between the study populations over the
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10 years [13]. These findings were supported in a similar
retrospective study, where patients with T2DM who
underwent metabolic surgery were significantly less likely to
experience a major adverse cardiovascular outcome (MACE)
than those managed medically at 8 years (30.8% vs 47.7%,
p < 0.001; absolute 8-year risk difference 16.9%; adjusted
hazard ratio 0.61). In this analysis, all cause-mortality was also
positively impacted (10% vs 17.8%; absolute 8-year risk dif-
ference 7.8%; adjusted hazard ratio 0.59) [14].

Additional investigation into the long-term risk of cardio-
vascular events and need for coronary revascularization in
patients with and without T2DM suggests bariatric surgery
offers a significant protective effect. In a recent propensity-
matched retrospective cohort analysis with a median follow-
up of over 6 years, bariatric surgery was associated with a
significantly reduced rates of myocardial infarct (1.8% vs
10.0%, RR 0.18), coronary catheterization (1.9% vs 8.8%,
RR 0.22), percutaneous coronary intervention (0.4% vs
7.8%, RR 0.05), and coronary artery bypass grafting (0.6%
vs 2.3%, RR 0.26) [15].

Bariatric and metabolic surgery presents a uniquely effica-
cious therapy for patients with obesity and HF. The relative
safety and efficacy of bariatric and metabolic surgical inter-
vention in patients with severe HF has been well-documented
in the literature by several authors in small patient populations.
Surgical interventions both decrease hospital readmission
rates significantly and improve overall cardiac function [16,
17]. More recent data suggests patients with a history of

bariatric surgery subsequently admitted with HF have a nearly
50% reduction in in-hospital mortality and significantly
shorter LOS than patients with morbid obesity and no history
of bariatric surgery, as well a propensity score-matched pa-
tients with no history of bariatric surgery (in-hospital mortality
0.96% vs 1.86%, p = 0.0013, and 0.96% vs 1.86%, p =
0.0011, respectively; LOS 4.8 ± 4.4 versus 5.7 ± 5.7 days,
p < .001, and 4.8 ± 4.4 versus 5.4 ± 6.3 days, p < .001, respec-
tively) [18]. Furthermore, when used as primary prevention,
bariatric surgery may significantly reduce the incidence of
new HF diagnoses in patients with obesity. As found by a
large-scale recent retrospective Swedish cohort study, patients
with obesity who undergo RYGB are only half as likely to
develop HF as similarly obese patients who undergo intensive
lifestyle modification at a median follow-up of 4.1 years (haz-
ard ratio 0.54, 95% CI 0.26–0.82) [19].

Obesity is a well-established risk factor for the develop-
ment of certain malignancies, including breast, colon, rectum,
corpus uteri, esophageal, gallbladder, gastric cardia, renal, liv-
er, meningioma, multiple myeloma, ovary, pancreas, and thy-
roid [20] (Table 4). Bariatric and metabolic surgery is associ-
ated with a reduced risk of subsequent malignancy overall in
controlled studies of patients with morbid obesity [21–23].
While bariatric surgery alone does not appear to confer any
protective effect against malignancy, weight loss at 1 year
following bariatric surgery is significantly associated with re-
duced risk of any cancer in both adjusted and unadjusted
models (hazard ratio 0.897, p = 0.005 for every 10% weight

Table 3 Obesity-related diseases
and comorbid conditions Cardiovascular disease Musculoskeletal

Hypertension (HTN) Degenerative arthritis

Coronary artery disease (CAD) Impaired mobility

Acute myocardial infarction (AMI) Chronic pain
Cerebrovascular event (CVA)

Heart failure (HF)

Cardiac arrhythmias

Metabolic Reproductive

Type 2 diabetes mellitus (T2DM) Infertility

Dyslipidemia (HLD) Sexual dysfunction

Steatohepatitis/Non-alcoholic fatty liver disease (NAFLD) Polycystic ovarian syndrome (PCOS) (female)

Pulmonary Genitourinary

Obstructive sleep apnea (OSA) Impaired renal function

Obesity hypoventilation syndrome (OHS) Nephrolithiasis

Asthma Stress urinary incontinence

Central nervous system Psychosocial

Impaired cognition Impaired quality of life

Headache Depression
Pseudotumor cerebri

Obesity-related diseases and comorbid conditions which may significantly improve or resolve after bariatric
surgery [9]. Recent investigations suggest a particularly strong therapeutic effect with regard to type 2 diabetes
mellitus (T2DM), heart failure (HF), and coronary artery disease (CAD)
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loss in adjusted models; hazard ratio 0.876, p ≤ 0.001 for ev-
ery 10% weight loss in unadjusted models) [22]. This protec-
tive benefit appears to increase as time progresses. At extend-
ed follow-up (mean 3.5 years), surgically treated patients with
severe obesity had a 33% lower hazard of developing any
malignancy when compared to those who did not receive bar-
iatric surgery (hazard ratio 0.67, p < 0.001). This effect was
more pronounced when analysis was limited to obesity-
associated malignancies including postmenopausal breast
(hazard ratio 0.58, p < 0.001), colon (hazard ratio 0.59, p =
0.04), endometrial (hazard ratio 0.50, p < 0.001), and pancre-
atic cancer (hazard ratio 0.46, p = 0.04) [23].

Postoperative Sequelae: Reflux, Barrett’s
Esophagus, and Feeding Intolerance

A comprehensive summary of common late postoperative
complications following bariatric surgical intervention is pro-
vided in Tables 5 and 6 [1, 24–30]. Particularly with the in-
creased prevalence of SG as compared with RYGB and other
bariatric surgical interventions, postoperative gastroesophage-
al reflux disease (GERD) is of increasing concern. Recent
long-term retrospective data suggests new-onset GERD
symptoms occur in 47.8% of patients at an average follow-
up of 8.48 years (range 6.1–10.3 years), despite an associated

%EWL of 60% [28]. While these authors reported use of a 34-
french bougie for all patients examined, which has since been
discouraged, these results still merit attention. Along with
worsening GERD symptoms, proton-pump inhibitor (PPI)
use increased significantly among the study population: 52%
of patients were reliant on PPI therapy at the end of the study
period, as compared with only 15% preoperatively (relative
risk 2.933, p < 0.0001). Among the 7 patients included in this
study who underwent secondary RYGB for GERD, only
57.1% experienced complete resolution of their symptoms
following revisional surgery [28].These findings were dupli-
cated in a similar recent retrospective review, where all pa-
tients underwent SG completed with a 48-French bougie
[29••]. At an average 58-month follow-up, incidence of
GERD symptoms, visual analogue scales (VAS) mean score,
and PPI use all increased significantly when compared with
preoperative values (68.1% vs 33.6%, p < 0.0001; 3 vs 1.8,
p = 0.018; 57.2% vs 19.1%, p < 0.0001). Of even more con-
cern, upward migration of the Z line and biliary-like esopha-
geal reflux was present in 73.6% and 74.5% of patients on
upper endoscopy, respectively. While no significant correla-
tions were found between reflux symptoms and endoscopic
findings, Barrett’s esophagus (BE) was newly diagnosed in
17.2% of patients postoperatively, and a significant increase in
the incidence and severity of erosive esophagitis (EE) was
observed, up to 59.8% at an average of 66 months postoper-
atively [29, 31]. Particularly given the poor correlation be-
tween visualized esophageal pathology and GERD symp-
toms, these authors suggest routine endoscopic surveillance
of all SG patients may be indicated postoperatively.

In contrast to the above studies, long-term feeding toler-
ance in patients undergoing RYGB, biliopancreatic diversion
(BPD), and duodenal switch (DS) appears fairly robust [32].
In a cross-sectional study of 196 patients who underwent one
of these three bariatric procedures, mean food tolerance score
(FTS) was 24.6, 24.0, and 23.7 for RYGB, BPD, and DS at
mean follow-up of 87.9 months (scale of 1–27, 1 being horri-
ble and 27 perfect). Alimentary satisfaction was observed in
73.3% of patients overall. No significant differences were
found between the 3 procedures for FTS, alimentary satisfac-
tion, or frequency of vomiting [32].

Robotic Surgery

Robotic-assisted surgical platforms are an increasingly uti-
lized adjunct to traditional laparoscopy in bariatric and meta-
bolic interventions worldwide. While surgeon comfort, im-
proved technical dexterity, and greater ease of use in patients
with high body mass index (BMI) are purported as selling
points of the robotic platform, the majority of outcomes re-
search to date has failed to demonstrate a consistent benefit of
robotic-assisted bariatric and metabolic surgery over

Table 4 Relative risk of obesity-related malignancies in highest body
mass index (BMI) patients versus normal BMI

Cancer site or type Relative risk (95% CI)*

Esophageal adenocarcinoma 4.8 (3.0–7.7)

Gastric cardia 1.8 (1.3–2.5)

Colon and rectum 1.3 (1.3–1.4)

Liver 1.8 (1.6–2.1)

Gallbladder 1.3 (1.2–1.4)

Pancreas 1.5 (1.2–1.8)

Breast (post-menopausal) 1.1 (1.1–1.2)

Corpus uteri 7.1 (6.3–8.1)

Ovarian 1.1 (1.1–1.2)

Renal cell carcinoma 1.8 (1.7–1.9)

Meningioma 1.5 (1.3–1.8)

Thyroid 1.1 (1.0–1.1)

Multiple myeloma 1.5 (1.2–2.0)

Compiled by the International Agency for Research on Cancer (IARC),
the above values represent the most recent or comprehensive meta-anal-
ysis or pooled analysis available at time of the meeting resulting in the
cited publication (April 12–15, 2016). Obesity-associated malignancies
listed above are those for which sufficient evidence exists to establish an
increased risk, defined as the establishment of a preventative relationship
between the absence of obesity and the development of malignancy.
Normal BMI is defined as 18.5–24.9. Data is pooled from multiple
sources so highest BMI is not uniformly defined [20]
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traditional laparoscopy. A recent extensive retrospective re-
view of 77,991 patients who underwent primary RYGB
(7.5% robotic-assisted) and 189,503 patients who underwent
primary SG (6.8% robotic assisted) found that on the whole,
aggregate bleeding complications and transfusion require-
ments were less in the robotic-assisted cohorts (for exam-
ple 1.0% vs 0.5%, p = 0.0005 for transfusion and 0.8% vs
0.4%, p = 0.03 for aggregate bleeding, for RYGB in 1:3
matched patient factor analysis) [33]. Outcomes were other-
wise similar for both SG and RYGB, with several exceptions.
For RYGB, lower mortality rates (p = 0.05) and surgical site
infections (SSIs) (p = 0.0006) were observed, despite longer
operative times using the robotic platform (151.9 min vs
114.6 min, p < 0.0001). For SG, a longer length-of-stay
(LOS) was observed (p < 0.0001) along with higher rates of
conversion (p > 0.0001), 30-day intervention (p = 0.01), oper-
ative drain placement (p < 0.0001), sepsis (p = 0.01), and or-
gan space SSI (p = 0.0002) in the robotic-assisted cohort.
Despite statistical significance, the majority of these differ-
ences were fairly minute, leading study authors to conclude
potential benefits of robotic-assisted RYGB and SG found
most likely represented a complex interplay between surgeon
experience and the surgical platform used [33].

With regard to surgical education, another retrospective
review focused on robotic-assisted SG utilizing residents for
tissue exposure concluded that while significantly increased
cost supply was associated with the robotic platform as com-
pared with its laparoscopic equivalent, preliminary morbidity
rates and operative times were similar to historic laparoscopic

controls. No differences in operative times between BMI co-
horts 50–59 kg/m2 and 30–49 kg/m2 were observed, suggest-
ing a robotic platform may be beneficial in patients with
higher BMIs [34].

Revisional Surgery

As reasons for weight recidivism and other common postop-
erative sequelae such as GERD become better understood
with time, patients who experience these after effects follow-
ing a primary bariatric surgical intervention frequently present
for revisional surgical consideration. Large-scale prospective
data in this area is generally lacking. However, in a single-
center, retrospective review of 534 patients presenting for
revisional evaluation, 64% sought evaluation for weight re-
gain (true of all procedures except BPD/DS), 26% for dyspha-
gia, and 21% for lap band-related complications [35].
Seventy-eight and 88% of patients presenting with band slip-
page or insufficient weight loss, respectively, were medical
tourists, leading study authors to conclude poor follow-up
played a substantial role in these postoperative issues.
Patients with uncontrolled psychosocial and medical issues
were also muchmore likely to struggle with weight recidivism
despite an anatomically successful surgery. Patients who
underwent revisional surgery experienced higher rates of post-
operative complications than those undergoing primary sur-
gery (41% vs 15%, p < 0.0001), most commonly wound in-
fections (24%). Revisional surgeries took on average 0.4 h

Table 6 Nutritional deficiencies
following bariatric surgery Iron Occurs in over 30% of all patients who undergo bariatric surgery by 5 years

postoperatively. Common with both restrictive and malabsorptive procedures.

Vitamin B12 Occurs in 19–35% of patients who undergo malabsorptive procedures by 5 years
postoperatively.

Folate Occurs in 9–39% of patients after both restrictive and malabsorptive procedures.

Thiamine Occurs in up to 49% of patients after both restrictive and malabsorptive procedures, as a
result of jejunal bypass or persistent vomiting.

Calcium Occurs in nearly 10% of patients.

Vitamin D Occurs in 25–73% of patients, dependent on duration of follow-up and defining parameters.

Vitamins A, E,
and K

Actual prevalence of deficiencies unknown, although common in malabsorptive
procedures.

Vitamin C Occurs in 10–50% of patients, although rarely clinically significant.

Micronutrients Include magnesium, zinc, copper, and selenium. Actual prevalence of deficiencies
unknown, although common in malabsorptive procedures

Protein
malnutrition

More common in malabsorptive procedures (BPD/DS, 7–21%; RYGB with roux limb
> 150 cm, 13%)

Postoperative nutritional deficiencies whichmay occur after bariatric surgery. Baseline nutritional deficiencies are
often present in bariatric surgical patients prior to surgery and should be assessed and corrected as able prior to
surgical intervention. Anemia secondary to iron deficiency and/or B12 or folate deficiency is very common
postoperatively, affecting 33–49% of patients within 2 years. 10–12% of obese patients have anemia prior to
surgical intervention [27]. SG sleeve gastrectomy, RYGB Roux-en-Y gastric bypass, BPD/DS biliopancreatic
diversion with duodenal switch. Malabsorptive procedures include BPD/DS and RYGB. Predominantly restric-
tive procedures refer to SG and laparoscopic adjustable gastric band (LAGB)
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longer than primary surgeries, and patients remained in the
hospital for a median of 2 days longer, both statistically sig-
nificant differences. Revisional surgery (most commonly
RYGB) was successful in assisting weight loss, comparable
to that seen in the primary surgery group and significantly
more than in patients managed with lifestyle modification
alone (%EWL 61.2%, p < 0.0001) [35].BPD/DS may present
a valuable revisional option for selective patients with super
morbid obesity and/or weight regain following SG in the ab-
sence of reflux symptoms [5, 36]. A recent expert-consensus
paper examining revisional BPD/DS cited a vast majority of
experts (96.7%) as supporting this position, specifically for a
2-stage operation. Ninety percent of authors also favored
RYGB over BPD/DS for patients with weight regain after
SG with associated reflux, and/or enlarged fundus [5]. While
BPD/DS remains limited in general applicability by technical
difficulty and operative duration, several simplified versions
o f t h e p r o c edu r e s u ch a s s i n g l e - a n a s t omos i s
duodenoileostomy (SADI) may lead to similar postoperative
outcomes with increased ease of completion [6, 36]. Indeed,
this concept is well-supported in a recent retrospective cohort
study where patients with failed SG underwent SADI or
RYGB, primarily based on the absence or presence of reflux
symptoms, as well as desire for additional weight loss.
Patients who underwent SADI experienced 8.7%, 12.4%,
and 19.4% more weight loss compared to those who
underwent RYGB at 6, 12, and 24 months postoperatively
(all p < 0.001), while all patients treated with revisional
RYGB for GERD or dysphagia all experienced improvement
in these symptoms. Similar rates of complications and nutri-
tional deficiencies were observed in both groups [36].

Adolescent Bariatric and Metabolic Surgery

Since the hallmark publication by Inge et al. in 2014 examin-
ing outcomes from the Teen-Longitudinal Assessment of
Bariatric Surgery (Teen-LABS) study which cited similar out-
comes and postoperative complication rates in adolescent and
adult populations undergoing bariatric and metabolic surgery,
several subsequent publications have further delineated spe-
cific and significant beneficial effects towards youth-onset
T2DM [37, 38]. Indeed, youth-onset T2DM now accounts
for a substantial percentage of new pediatric diabetes cases
annually and appears to be significantly more aggressive than
its adult counterpart. Nearly 50% of teens with T2DM prog-
ress to insulin dependence after a median of 11 months, sug-
gesting rapid loss of pancreatic beta-cell function which
outpaces that typically seen in adult disease [38•]. In a sec-
ondary analysis of the Teen-LABS data released in 2018, in
which surgical outcomes related to diabetes were compared
with a population of adolescent patients with T2DMmanaged
with lifestyle modification and/or medical therapy, surgical

therapy was vastly superior. While patients who underwent
metabolic surgery experienced greater weight loss (BMI −
29.0% vs + 3.7%) and improvement in HgbA1C (6.8 to
5.5%, vs 6.4 to 7.8%) at 2 years than those managed medical-
ly, adolescents in the surgical arm of the study also had a
greater than expected improvement in T2DM (95% with
HgbA1C < 6.5%) when compared to adult populations, de-
spite similar operations, weight loss, and definitions of disease
[38•].

With regard to other obesity-related comorbid conditions,
bariatric and metabolic surgery in adolescents is also associ-
ated with significant improvements in blood pressure, dyslip-
idemia, serum inflammatory markers, and abnormal kidney
function not seen in medically treated counterparts, as well
as functional mobility and musculoskeletal pain [38–40].
Younger adolescent patients appear more likely than older
adolescent patients to resolve dyslipidemia, while girls appear
more likely than boys to resolve elevated blood pressure [39].

In reflection of these findings, a recent policy statement
released by the American Academy of Pediatrics (AAP) ad-
vocated for increased access for pediatric patients with severe
obesity (defined as BMI ≥ 35 or ≥ 120% of the 95th percentile
for age and sex, whichever is lower) to multidisciplinary pro-
grams with high-quality pediatric metabolic and bariatric sur-
gical capabilities. While the majority of pediatric patients un-
dergo bariatric surgery as adolescents (defined as age 13 to
18 years), available data does not support a lower age limit for
weight-loss surgery in youth. As such, the AAP supports in-
dividualized patient-centered care and avoidance of “unsub-
stantiated lower age limits”when considering surgical referral
[41].

Conclusion

Bariatric and metabolic surgical intervention remains a highly
effective therapy for obesity and obesity-related comorbid
conditions. While SG and RYGB produce similar weight loss
patterns and remission of obesity-related disease at medium-
term follow-up, highly prevalent rates of GERD and dyspha-
gia following SG may ultimately limit the long-term success
of this procedure. Routine surveillance endoscopy may also
be indicated in SG, given high rates of esophagitis and
Barrett’s esophagus found in these patients postoperatively.
When utilized as therapy for T2DM, bariatric and metabolic
surgery is most effective in adolescent patients and adult pa-
tients who are non-insulin dependent. Surgery is also effective
for the prevention of coronary artery disease and related inter-
ventions in both diabetic and nondiabetic populations.
Robotic-assisted laparoscopic platforms have generally equiv-
alent outcomes to laparoscopic intervention, with a potential
benefit in high BMI patients. Revisional surgery is commonly
performed for inadequate weight loss or reflux/dysphagia
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following primary surgery, with outcomes characterized by
higher complication rates and longer inpatient LOS.
Bariatric and metabolic surgical intervention in adolescent
patients with morbid obesity and obesity-related comorbidi-
ties is safe and effective, with overall similar outcomes to
those seen in adult populations. With regard to youth-onset
T2DM in particular, outcomes related to metabolic surgical
intervention outpace those seen in adult populations.
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