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ABSTRACT

This review aimed to provide an updated overview of early and late complications after
metabolic and bariatric surgery (MBS), focusing on incidence, mechanisms, diagnosis, and
management, particularly for sleeve gastrectomy (SG) and Roux-en-Y gastric bypass (RYGB), the
2 most commonly performed procedures in Korea. We performed a narrative review, integrating
evidence from recent meta-analyses, systematic reviews, large registry studies, and key
guidelines or position statements, supplemented by representative Korean data and procedure-
specific details. Early complications, including bleeding (SG 0.6-2.5%, RYGB 1-1.5%), leakage
(SG ~1%, RYGB ~0.6%), and venous thromboembolism (0.3-2.4%), notably porto-mesenteric
vein thrombosis (0.3-1.0%), remain uncommon yet potentially life-threatening. Advances in
surgical technique, computed tomography-based evaluation, and thromboprophylaxis have
reduced the incidence of early complications. Late complications are more prevalent and
chronic, including gastroesophageal reflux disease (23-28%), sleeve stenosis or twist (0.5-3.5%),
gastrojejunal anastomotic stricture (~6%), marginal ulcer (6-16%), internal hernia (0.2-9%),
gallstone formation (up to 50%); nutritional deficiencies, including iron deficiency anemia
(16-24%), vitamin B12, folate, vitamin D, and calcium deficiencies; and dumping syndrome

(up to 40%) and post-bariatric hypoglycemia (~34%). MBS is a safe and effective treatment for
severe obesity and its associated comorbidities. However, a procedure-specific understanding of
complication patterns, risk factors, and stepwise management strategies is essential to minimize
morbidity and to achieve long-term success through multidisciplinary care.

Keywords: Bariatric surgery; Metabolic surgery; Postoperative complications

INTRODUCTION

Morbid obesity is associated with more than 200 comorbidities, including obstructive sleep
apnea, hypertension, type 2 diabetes mellitus, and metabolic syndrome, and several types

of malignancies. A meta-analysis of 281 prospective studies reported that for every 5 kg/m?
increase in body mass index (BMI), the risk of esophageal adenocarcinoma and thyroid cancer
rose significantly in male individuals, whereas the risk of endometrial and renal cell carcinoma
increased sharply in female individuals [1]. A review similarly reported that obesity is associated
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with increased incidence across all 13 obesity-related cancers designated by the U.S. National
Cancer Institute, including esophageal adenocarcinoma, gastric cardia cancer, colorectal cancer,
hepatocellular carcinoma, and endometrial cancer, among others [2]. The prevalence of obesity
in adults showed a continuously increasing trend, though stabilized over the last 3 years in
Korea. In 2023, obesity affects 49.8% of men and 27.5% of women, with nearly 40% of adults
and one-fifth of children and adolescents classified as obese or overweight [3].

The therapeutic landscape for obesity has expanded considerably in recent years. While older
anti-obesity medications such as phentermine, topiramate, buprenorphine, and naltrexone

yield modest weight reduction of 5-10%, newer pharmacological agents, including glucagon-like
peptide-1 (GLP-1) receptor agonists and dual GLP-1 and glucose-dependent insulinotropic peptide
(GIP) receptor agonists have shown promising efficacy with total body weight loss greater than
20% in patients with morbid obesity [4], though concerns regarding cost, adverse effects,
treatment compliance, and long-term safety persist. Nevertheless, metabolic and bariatric
surgery (MBS) remains the gold standard for the management of morbid obesity, achieving 30%
to 40% total body weight loss with reliable resolution for obesity-related comorbidities such as
type 2 diabetes, obstructive sleep apnea, metabolic syndrome, and pseudotumor cerebri.

In Korea, sleeve gastrectomy (SG) is the most commonly performed bariatric procedure,
accounting for over 70% of all cases, followed by Roux-en-Y gastric bypass (RYGB) [5]. SGis a
restrictive procedure that involves resecting approximately 80% of the stomach along the greater
curvature [6] creating narrow, sleeve-shaped conduit that limits gastric volume and accelerates
gastric emptying [7,8]. Resection of the greater curvature also reduces plasma ghrelin levels,

a key hunger-mediating hormone, thereby suppressing appetite in most patients [9]. RYGB
creates a small gastric pouch directly anastomosed to a jejunal Roux-en-Y limb, bypassing most
of the stomach, duodenum, and a variable length of proximal small intestine, which alters the
kinetics of digestive enzymes. Evidence suggested that a longer biliopancreatic limb leads to
greater weight loss and superior glycemic control compared to a longer Roux limb [10].

Though generally safe when performed by experienced surgeons, complications after MBS
can arise immediately or even years later after surgery. These complications range from subtle
and gradually progressive conditions to acute and life-threatening manifestations requiring
urgent intervention, encompassing nutritional deficiencies, gastroesophageal reflux disease
(GERD), dumping syndrome, bleeding, anastomotic leakage or strictures, sleeve stenosis or
twist, gastric and marginal ulcerations, gallstone formation, and venous thromboembolism
(VTE). Timely recognition with systematic follow-up evaluation is essential to detect and
manage these potential complications [11,12].

This review aimed to provide a comprehensive, procedure-specific overview of early and
late complications following MBS, with particular focus on SG and RYGB in the context of
Korean clinical practice.

EARLY COMPLICATIONS

1. Postoperative bleeding

Postoperative bleeding is the most common early complication of MBS, with reported
incidences of 1% to 1.5% following RYGB and 0.6% to 2.5% following SG [13,14]. The reported
incidence of post-SG bleeding ranges from 1% to 6% in Korean literature, with some studies
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reporting rates as high as 15%. However, postoperative bleeding is often defined based on
clinically significant events requiring blood transfusion or reoperation. In addition, the use of
staple-line oversewing reinforcement may contribute to lower incidence of post-SG bleeding.
Consequently, the clinically relevant incidence is often considered to be closer to 1% [15].

Bleeding after MBS may be either intraluminal or intra-abdominal. Intraluminal bleeding
typically presents with hematemesis or melena, whereas intra-abdominal (extraluminal)
bleeding often has a more nonspecific presentation and overt abdominal pain is not
consistently or predominantly present; both may present with tachycardia, hypotension, and,
in severe cases, hemodynamic instability. The need for endoscopic or surgical intervention
depends largely on the bleeding site [16,17]. In hemodynamically unstable patients, the
decision to perform surgical exploration should be considered. In contrast, conservative
management, including fluid resuscitation, blood transfusion, antifibrinolytic agents,

and correction of coagulopathy, may be appropriate in selected cases without clinical or
radiologic evidence of active bleeding. Nevertheless, close monitoring is essential, as some
studies have reported that delayed management for postoperative bleeding may be associated
with subsequent late complications including leakage or intra-abdominal abscesses [18,19].

In selected patients with ongoing, secondary, or recurrent postoperative bleeding, radiologic
intervention can provide a minimally invasive alternative or adjunct to reoperation.
Pre-interventional contrast-enhanced computed tomography (CT) helps localize the bleeding
focus and differentiate intraluminal from intra-abdominal hemorrhage. When active contrast
extravasation suggesting arterial or pseudoaneurysm bleeding from splenic, gastroepiploic,
or left gastric branches is identified, selective transcatheter angiographic embolization using
coils, gelatin sponge, or other embolic materials achieves technical success rates above 90%
even in hemodynamically unstable patients [20], when endoscopic or surgical control is
expected to be difficult [21]. Therefore, management strategy for post-MBS bleeding should
be multidisciplinary, integrating surgical, endoscopic, and interventional measures according
to the location and timing of bleeding and the patient’s hemodynamic status (Table 1).

Table 1. Overview of early and late complications following MBS

Category Incidence Symptoms Diagnosis Key management
Early complications
Postoperative - SG: 0.6-2.5% « Intraluminal: hematemesis or melena - Endoscopy - Conservative care for stable patients: fluid
bleeding - RYGB: 1-1.5% - Intra-abdominal: nonspecific . Contrast-enhanced CT resuscitation, blooq transfusion, antifibrinolytic
presentation, abdominal pain not Diagnostic angiography agents, and correction of coagulopathy
consistently present - Endoscopic hemostasis
- Hemodynamic instability in severe - Transcatheter angiographic embolization
cases; tachycardia, hypotension, etc. . Surgery
Leakage - SG: ~1% - Tachycardia, fever, abdominal pain, - CT with oral contrast - Conservative care for stable patients:
. RYGB: ~0.6% shoulder pain, nausea, vomiting . UGIS with oral contrast broad-spectrum antibiotics, high dose PPIs,
- Hemodynamic instability in severe nutritional support
cases; tachycardia, hypotension, etc. - Fluoroscopy-guided percutaneous drainage
- Endoscopic procedures: SEMS, OTSC, EID, EVT
- Surgery
VTE - Overall: 0.3-2.4% « DVT: limb swelling, pain, warmth, - Duplex ultrasonography for - Prevention: the combination of mechanical

- DVT: 0.1-0.3% (large

registries); ~2% (earlier
studies with routine
Doppler screening)

- PE: 0.1-0.12%
+ PMVT: 0.3-1.0%

DVT

- Contrast-enhanced CT
(abdomen, pelvis, pulmonary
angiography, etc.)

erythema and pharmacologic prophylaxis, with extended
postoperative prophylaxis using rivaroxaban

(10 mg once daily) for 7-10 days

- Anticoagulation with LMWH or UFH followed
by transition to direct oral anticoagulation for
3-6 months

- Systemic thrombolysis for high-risk PE

- PE: dyspnea, pleuritic chest pain,
tachycardia, hypoxia, shock

+ PMVT: abdominal pain, nausea,
vomiting, diarrhea, bowel ischemia

https://jmbs.or.kr
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Table 1. (Continued) Overview of early and late complications following MBS

Category Incidence Symptoms Diagnosis Key management
Late complications
GERD - Worsening of pre- - Heartburn, regurgitation, epigastric - Endoscopy - PPI

Sleeve stenosis
and twist

Gastrojejunal
anastomotic
stricture

Marginal ulcer

Internal hernia

Gallstone
formation

Nutritional
deficiencies

Dumping
syndrome and
PBH

existing GERD: 19%

- De novo GERD: 23-28%

after SG

0.5-3.5%

~6%

6-16% after RYGB

0.2-9% after RYGB

10-50% after MBS

Iron deficiency anemia:
16-24% after RYGB

- Vitamin B12: ~24%
- Folate: 1.9%

- Vitamin D: 35-54%
- Calcium: ~2%

- Early dumping: ~40%
- Late dumping: ~25%
- PBH: ~34%

burning

- Atypical symptoms including

chest discomfort, chronic cough,
dysphagia

- Nausea, vomiting, food intolerance

or dysphagia, particularly for solid
food

- Progressive dysphagia and vomiting,

often without abdominal pain

- Usually presents months to years

after RYGB

- Epigastric or retrosternal pain

aggravated by food, nausea,
vomiting, upper gastrointestinal
bleeding, perforation

- Recurrent crampy postprandial

abdominal pain, nausea, vomiting

- Often asymptomatic; biliary

colic, acute cholecystitis,
choledocholithiasis, or gallstone
pancreatitis in symptomatic cases

- Fatigue, reduced exercise tolerance,

exertional dyspnea, palpitations,
dizziness; pallor, brittle nails, hair
loss, restless legs syndrome

- Vitamin B12: glossitis, peripheral

neuropathy, megaloblastic anemia

- Folate: more often asymptomatic
- Often asymptomatic

« Bone pain, muscle weakness,

or fragility fracture (secondary
hyperparathyroidism)

- Early: vasomotor (fatigue, flushing,

palpitations, hypotension) and
gastrointestinal symptoms
(increased bowel sounds, diarrhea,
bloating, nausea, abdominal
cramping), within 1 hour after meals

- Late: transient autonomic

(adrenergic) symptoms (sweating,
palpitations, tachycardia, tremors,
hunger, anxiety), within 1-3 hours
after meals

- PBH: neuroglycopenic symptoms

(confusion, impaired consciousness,
seizure) due to postprandial
hypoglycemia, typically presenting
more than 1 year after MBS

+ Ambulatory pH monitoring
- Esophageal manometry

- UGIS with oral contrast -

Endoscopy

- UGIS with oral contrast
- Endoscopy

- Endoscopy
- Contrast-enhanced CT

- Contrast-enhanced CT

- Early diagnostic laparoscopy
« Abdominal ultrasonography

(first-line)

- CT or MRCP as an

adjunct for suspected
choledocholithiasis or
gallstone pancreatitis

« Laboratory evaluation

(CBC, ferritin, transferrin
saturation, serum iron, TIBC)

- Serum vitamin B12, folate

- Serum calcium,

25-hydroxyvitamin D, PTH

- Dumping syndrome

(early/late): clinical symptom
profile (timing and pattern),
Sigstad score, modified oral
glucose tolerance test

- PBH: Whipple’s triad with

fasting hypoglycemia,
exclusion of hypoglycemia-
inducing drugs use; capillary
blood glucose confirmation;
continuous glucose
monitoring as an adjunct

- Lifestyle modification
- Dietary adjustment
- Surgery: conversion of SG to RYGB for refractory

cases

- Endoscopic balloon dilation or stenting
- Surgery: conversion of SG to RYGB for refractory

cases

- Endoscopic balloon dilation
- Surgery: revision for refractory cases

- High-dose PPI

- Sucralfate

- Eradication of H. pylori, when indicated

- Endoscopic procedures: oversewing, stenting

- Surgery: revision of gastrojejunostomy of RYGB,

reversal of RYGB

- Surgery

(low threshold for diagnostic laparoscopy)

- Prophylactic ursodeoxycholic acid
- Cholecystectomy for symptomatic disease

(routine prophylactic cholecystectomy not
recommended)

- Oral iron supplementation
- IV iron supplementation for severe or refractory

cases

- Oral multivitamin supplementation
- IV vitamin B12 supplementation for

symptomatic deficiency

- Oral elemental calcium (calcium citrate)
- Oral vitamin D

- Dietary modification: small, frequent, protein-

rich meals, restriction of simple carbohydrates

- Pharmacologic therapy: acarbose, diazoxide, or

GLP-1 receptor antagonists

- Revisional surgery for refractory cases

MBS = metabolic and bariatric surgery, SG = sleeve gastrectomy, RYGB = Roux-en-Y gastric bypass, CT = computed tomography, UGIS = upper gastrointestinal series,
PPI = proton pump inhibitor, SEMS = self-expandable metal stent, OTSC = over-the-scope clip, EID = endoscopic internal drainage, EVT = endoluminal vacuum therapy,
VTE = venous thromboembolism, DVT = deep vein thrombosis, PE = pulmonary embolism, PMVT = porto-mesenteric vein thrombosis, LMWH = low-molecular-weight
heparin, UFH = unfractionated heparin, GERD = gastroesophageal reflux disease, MRCP = magnetic resonance cholangiopancreatography, CBC = complete blood
count, TIBC = total iron-binding capacity, IV = intravenous, PTH = parathyroid hormone, PBH = post-bariatric hypoglycemia, GLP-1 = glucagon-like peptide-1.
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2. Leakage

The reported incidence of leakage is approximately 1% after SG and 0.6% after RYGB [22,23].
The higher leakage rate after SG compared to RYGB may be attributable to the long staple
line and increased intraluminal pressure. In addition, from a technical aspect, inappropriate
selection of staple height, excessive traction during stapling, and extensive perigastric
dissection causing tissue ischemia have been implicated in postoperative leakage [24].

In RYGB, leakage most commonly occurs at the gastrojejunostomy, where technical aspects
of anastomotic construction are considered the major determinants of leakage development.
Anastomotic integrity is influenced by factors such as closure technique, tissue tension,

and perfusion [25,26], variations in pouch size and anastomotic configuration have been
discussed as additional contributing factors [27].

Additionally, a variety of patient-related risk factors have been implicated in postoperative
leakage, including diabetes, chronic kidney disease, hypoalbuminemia, chronic steroid use, and
smoking [28], most of which are well-established risk factors for general surgical procedures.

Clinical manifestations of leakage after bariatric surgery are often nonspecific and may
include tachycardia, fever, abdominal pain, shoulder pain, nausea, vomiting, or respiratory
symptoms such as tachypnea or hypoxia. In more advanced cases, signs of sepsis, including
tachycardia, hypotension and altered mental status, may develop. Sustained tachycardia is
the initial clinical warning sign observed in the majority of cases with early leakage [29,30].
The clinical presentation may be subtle and delayed, as obesity itself can mask early signs.
Therefore, a high index of suspicion is essential when evaluating postoperative patients with
unexplained tachycardia or systemic symptoms.

When leakage is suspected, prompt and systematic evaluation is required. Assessment
should include the onset timing (early or late), anatomical location, which may differ
according to the surgical procedure (e.g., along the staple line of gastric sleeve or
anastomosis of RYGB), and clinical severity, including the presence of hemodynamic
instability or organ failure [30,31].

Upper gastrointestinal series (UGIS) with oral contrast has a sensitivity of approximately
50% for detecting postoperative leakage, whereas abdominal CT with oral contrast has
been reported to achieve a sensitivity exceeding 90% [32]. In this context, in patients with
clinically suspected leakage after bariatric surgery, abdominal CT with oral contrast is
generally favored over conventional UGIS as the initial diagnostic modality [33]. Beyond
leakage detection, CT enables comprehensive assessment of associated intra-abdominal
complications, including abscess formation and bowel obstruction, and offers the practical
advantage of immediate and continuous availability in urgent clinical settings [33,34].

Management of postoperative leakage is determined by clinical severity and may range from
conservative measures to radiologic, endoscopic, or surgical interventions. Conservative
management may be appropriate in selected, clinically stable patients, and typically includes
broad-spectrum antibiotics, high dose proton pump inhibitors (PPIs), nutritional support,
and close monitoring [35,36]. Radiologic intervention may include fluoroscopy-guided
percutaneous drainage, which plays a key role in the management of localized intra-
abdominal fluid collections or abscesses from leakage site and often serves as an adjunct

to conservative treatment [30]. Endoscopic interventions have become a cornerstone of
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therapy for leakage, aiming to control sepsis, divert luminal contents, facilitate drainage,

and promote closure of the fistulous tract. Fully covered self-expandable metal stents can
divert luminal contents away from the leakage site and promote healing, with reported
endoscopic success in approximately two-thirds of cases. They are particularly useful for
early proximal staple-line leakage, although stent migration and patient discomfort remain
important limitations [37]. Over-the-scope clips are suitable for small, well-circumscribed
defects without a large associated cavity, especially in cases of early leakage, whereas larger or
chronic defects with associated perigastric fluid collections are generally better managed with
endoscopic internal drainage (EID) [38,39]. EID using double-pigtail plastic stents provides
continuous internal drainage of fluid collection and promotes secondary cavity obliteration,
achieving high clinical success, good tolerability, early resumption of oral intake, and lower
complication rates than stent-only approaches [40]. More recently, endoluminal vacuum
therapy has emerged as an effective option for complex or refractory leakage [41,42].

Surgical intervention is indicated in hemodynamically unstable, those with diffuse
peritonitis, or after failure of nonoperative management. In those acute settings, the primary
goal is effective source control through irrigation, debridement, and adequate drainage
rather than definitive repair of leakage site. Primary repair may be attempted in selected
patients with early leakage occurring within 3 days postoperatively [29], whereas persistent
or recurrent leakage after SG may require conversion to RYGB or fistula-to-jejunostomy
formation. As a preventive measure, staple-line reinforcement remains inconsistent in its
reported efficacy. Oversewing has been shown to reduce leak rates [43,44] but the degree

of benefit appears to vary by reinforcement method [44] and other studies have failed to
demonstrate a significant reduction in leakage rates with reinforcement [45,46].

Because no single modality is universally effective, treatment should be individualized
according to leakage timing, size, location, associated cavity, and the patient’s clinical
condition, often combining endoscopic techniques with radiologic or surgical approaches
within a multidisciplinary strategy. Despite the complexity of management, patients who
successfully recover from leakage generally achieve long-term weight loss and comorbidity
resolution comparable to those without leakage-related complications (Table 1) [47].

3. VTE

VTE is an uncommon but potentially serious complication that can occur after bariatric
surgery, with a reported incidence ranging from approximately 0.3% to 2.4% [48].
Contemporary series and registry data indicate that the majority of VTE events occur after
discharge, with approximately 70-80% of cases diagnosed during the post-discharge period
[49]. VTE may be presented as deep vein thrombosis (DVT), pulmonary embolism (PE),

or porto-mesenteric vein thrombosis (PMVT). Despite its relatively low incidence, VTE is
associated with substantial morbidity and mortality.

Obesity has been demonstrated to be associated with venous stasis, hypertension, and
obstructive sleep apnea, which are recognized as risk factors for thrombotic complications.
Established patient-related risk factors include high BMI, older age, current smoking, and
exposure to exogenous hormones such as oral contraceptives or hormone replacement
therapy, all of which have been consistently associated with increased risk of postoperative
VTE [50]. Procedure-related factors include prolonged operative time, procedure type (e.g.,
RYGB vs. SG), and postoperative complications (e.g., infection, anastomotic leakage, or
prolonged immobilization), which may further increase VTE risk [48-50].
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A range of preventive strategies has been proposed to reduce the risk of VTE after MBS,
including risk assessment, pulmonary toileting, early ambulation, minimization of opioid

use, pharmacologic prophylaxis with unfractionated heparin (UFH) or low-molecular-

weight heparin (LMWH), and mechanical measures such as compression devices or elastic
stockings. Systematic reviews have evaluated several aspects of thromboprophylaxis in MBS,
including comparisons of higher-dose versus standard-dose heparin (UFH or LMWH),

heparin versus pentasaccharides (e.g., fondaparinux), and timing of initiation, specifically
preoperative versus postoperative administration of pharmacologic prophylaxis, preoperative
versus postoperative initiation of pharmacologic prophylaxis, and combined mechanical

and pharmacologic prophylaxis versus mechanical prophylaxis alone. Among the evaluated
strategies, the combination of mechanical and pharmacologic prophylaxis is the only approach
that has been associated with a reduction in VTE compared with mechanical prophylaxis alone
[51]. Meanwhile, an extended pharmacologic thromboprophylaxis has been investigated by a
randomized clinical trial, demonstrating that postoperative rivaroxaban (10 mg once daily) for 7
days is safe and effective for VTE prevention after bariatric surgery [52,53].

The cornerstone of treatment for postoperative VTE is prompt initiation of therapeutic
anticoagulation. Initial treatment generally consists of LMWH or intravenous UFH, followed
by transition to direct oral anticoagulants (e.g., rivaroxaban or apixaban) or vitamin K
antagonists when clinically appropriate [54,55]. Anticoagulation is typically continued for

at least 3—6 months, with treatment duration individualized according to thrombus location
[56,57], provoking factors, bleeding risk, and the risk of recurrence [48-50].

DVT is one of manifestations of postoperative VTE after bariatric surgery. The incidence of
DVT after laparoscopic bariatric surgery is approximately 0.1% to 0.3% in large multicenter
registries [58,59], though earlier single-center studies using routine postoperative Doppler
ultrasound screening reported higher rates around 2% [60]. Patients typically present with
unilateral lower extremity swelling, pain, warmth, or erythema, although asymptomatic cases
may occur. Diagnosis is established using duplex ultrasonography as the first-line modality.
In cases with inconclusive findings or suspected proximal or pelvic vein thrombosis,
additional imaging such as CT or magnetic resonance venography may be considered.
Management generally follows the aforementioned principles of anticoagulation.

PE is less common than DVT but represents the most severe manifestation of VTE, accounting
for the majority of VTE-related mortality. The incidence of 30-day postoperative PE is
approximately 0.1% for SG and 0.12% for RYGB. Clinical presentations include dyspnea,
pleuritic chest pain, tachycardia, hypoxia, and, in severe cases, hemodynamic instability

or shock. CT pulmonary angiography is the diagnostic modality of choice. In addition to

the general anticoagulation principles described above, systemic thrombolysis should be
considered in patients with high-risk PE presenting with sustained hypotension or shock.

PMVT is another rare but life-threatening complication after bariatric surgery. The incidence
was reported as 0.3% to 1.0% [61-64]. It occurs more frequently after SG compared to other
bariatric procedures, and is typically presented within the first month after surgery [15].
Clinical symptoms are often nonspecific, including vague abdominal pain, nausea, vomiting,
and diarrhea, but may progress to peritonitis or shock due to bowel ischemia. Diagnosis is
most reliably confirmed using contrast-enhanced abdominal CT, which can demonstrate
portal and mesenteric venous thrombosis and associated bowel ischemia [65]. Although
therapeutic anticoagulation remains the primary treatment, patients who develop bowel
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infarction, perforation, or generalized peritonitis require urgent surgical exploration with
resection of nonviable bowel when indicated (Table 1) [54].

LATE COMPLICATIONS

1. GERD

GERD is one of the most common long-term complications after SG. SG can induce GERD
by disrupting the native anti-reflux barrier and creating an unfavorable pressure environment
at the gastroesophageal (GE) junction. Resection of the fundus straightens the angle of His,
divides sling fibers around GE junction, and may reduce lower esophageal sphincter (LES)
pressure, while hiatal dissection can contribute to hiatal hernia formation. In addition,

the narrow, low-compliance gastric sleeve increases intragastric pressure, which raises the
pressure gradient across the LES and promotes reflux. Technical factors, including stenosis
at the incisura angularis (a mid-gastric narrowing), gastric sleeve twisting, proximal sleeve
dilation resulting in a neo-fundus, may create localized high-pressure zones and impair
gastric emptying, thereby leading to prolonged esophageal acid exposure, particularly in
patients with impaired esophageal motility. Although weight loss, reduced acid production,
and accelerated gastric emptying are generally observed after SG and may improve symptoms
in some patients, structural alterations often predispose to the development or worsening of
GERD after SG [66,67].

A systematic review and meta-analysis reported worsening of pre-existing GERD in 19% of
patients and de novo GERD in 23% after laparoscopic SG, while endoscopically diagnosed
esophagitis was identified in 28% of patients, exceeding symptom-based estimates [68].
Another meta-analysis including patients with at least 4 years of follow-up demonstrated
persistent reflux-related morbidity, with pooled incidences of 24.8% for de novo GERD,
27.9% for esophagitis, and 6.7% for Barrett’s esophagus [69]. Collectively, these findings
indicate that a substantial proportion of patients experience deterioration of pre-existing
GERD or develop de novo reflux after SG.

Clinically, GERD after SG presents with typical reflux symptoms, including heartburn,
regurgitation, and epigastric burning, as well as atypical symptoms such as chest discomfort,
chronic cough, and dysphagia [66,67].

Evaluation is primarily based on gastroscopy to assess esophagitis, Barrett’s esophagus, and
anatomical abnormalities such as sleeve stenosis, proximal neo-fundus, or hiatal hernia.

In selected patients, additional functional testing including ambulatory pH monitoring

or esophageal manometry may be considered for further characterization of reflux and
esophageal motility disorders [66,70].

First-line treatment consists of medical anti-reflux therapy, including PPIs, lifestyle
modification, and dietary adjustment. In patients with persistent or refractory symptoms
despite optimal medical therapy and without correctable structural abnormalities, conversion
to RYGB is an effective surgical option (Table 1) [66,70].

2. Sleeve stenosis and twist

Sleeve stenosis is reported in approximately 0.5% to 3.5% of patients after SG, though
population-based registry data report a lower incidence of 0.6% [15,71]. It most commonly
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occurs at the incisura angularis and results from either mechanical narrowing, typically
from stapling too close to the incisura over a narrow calibration bougie, or axial obstruction
resulting from sleeve twist caused by uneven alignment of the anterior and posterior gastric
walls during stapling; longer operative time and staple-line oversewing have been identified
as additional risk factors. Patients present with nausea, vomiting, and food intolerance

or dysphagia, particularly for solid food. Diagnosis relies on UGIS demonstrating abrupt
luminal narrowing, supported by endoscopy to distinguish true stenosis from functional
twisting. Endoscopic balloon dilation or stenting can be therapeutic options, while surgical
conversion to RYGB is reserved for patients who are refractory to endoscopic treatment
(Table 1) [72].

3. Gastrojejunal (GJ) anastomotic stricture

GJ anastomotic stricture after RYGB has a pooled incidence of approximately 6% [73], and its
risk appears to be influenced by the size of the circular stapler used, with some comparisons
favoring linear over circular stapling techniques [74].

Stricture formation has been attributed to a combination of localized ischemia, suboptimal
anastomotic technique, and scar contracture unrelated to ischemia [75]. Patients typically
present within weeks to months postoperatively with progressive worsening dysphagia and
vomiting, often without abdominal pain. The diagnosis is usually confirmed by UGIS or
endoscopy. Endoscopic balloon dilation is safe and highly effective, and surgical revision is
generally reserved for refractory strictures (Table 1) [73].

4. Marginal ulcer (MU)

MU is one of the most common late complications after RYGB, with a reported incidence
ranging from approximately 6-16% [76,77]. Risk factors include patient-related factors,
such as smoking, nonsteroidal anti-inflammatory drugs (NSAIDs) use, diabetes,
immunosuppression, alcohol consumption, and Helicobacter pylori infection, although the
contribution of H. pylori remains controversial because of inconsistent findings across
studies [78,79]. Technical factors include a large or ischemic gastric pouch, tension at the
gastrojejunostomy, retained foreign bodies (e.g., nonabsorbable sutures, staples), and the
presence of a gastro-gastric fistula (an abnormal communication between the gastric pouch
and the excluded stomach) [80].

Clinically, MU usually presents months to years after RYGB with epigastric or retrosternal
pain aggravated by food intake, nausea, vomiting, and reduced oral intake, but may also
manifest as upper gastrointestinal bleeding, iron deficiency anemia, or, in severe cases,
perforation with an acute abdomen. Diagnosis is primarily established by upper endoscopy,
which permits direct visualization of the ulcer while simultaneously assessing associated
complications, including stricture, fistula, or retained foreign material. CT is reserved for
suspected perforation or other intra-abdominal complications. Initial treatment consists
of high-dose PPIs, sucralfate, and eradication of H. pylori when indicated, with most MUs
healing after prolonged medical therapy. However, refractory, recurrent, or complicated
cases may require adjunctive medical therapy (e.g., misoprostol), endoscopic procedures
(e.g., oversewing or stenting), or revisional surgery, including revision of gastrojejunostomy
or reversal of RYGB [76,81].

Primary prevention focuses on routine PPI prophylaxis and aggressive modification of
ulcerogenic risk factors. Current American Society for Metabolic and Bariatric Surgery
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(ASMBS) literature reviews and observational studies support PPI therapy for at least 3
months after RYGB, with many centers extending to 6 months, which has been shown

to reduce MU rates by approximately 50-70% (e.g., from 7.3% to 1.2%) [82]. Smoking
cessation should be strongly encouraged, and patients should avoid NSAIDs and systemic
corticosteroids whenever possible, since smoking and prolonged NSAID use are well-
established modifiable risk factors for MU development. Low-dose aspirin can be used for
patients with clear medical indications, preferably combined with concomitant PPI. H. pylori
should be identified and eradicated when indicated (Table 1).

5. Internal hernia

Internal hernia is a well-recognized late complication after RYGB, with a reported incidence
ranging from approximately 0.2% to 9%, although the cumulative incidence may exceed 10%
in some cohorts, particularly when mesenteric defects or Petersen’s space are not routinely
closed. Reported incidences can vary according to defect closure technique, institutional
practice, and duration of follow-up [83-88].

Internal hernia should be suspected in patients with new or recurrent crampy abdominal
pain accompanied by nausea, vomiting, or obstructive symptoms, often postprandial,

that may temporarily improve with positional changes, particularly forward flexion [89].
Diagnosis is primarily based on clinical suspicion, supported by contrast-enhanced CT,
which may show the mesenteric swirl sign and abnormally clustered or displaced small
bowel loops [90]. However, because imaging modality can be falsely negative, early
diagnostic laparoscopy should be considered in patients with persistent or severe symptoms
suggesting bowel ischemia.

Current ASMBS recommendations emphasize routine closure of all mesenteric defects,
including Petersen's space, using nonabsorbable sutures or stapling techniques, and a low
threshold for diagnostic laparoscopy because of the limitations of CT and the risk of bowel
ischemia (Table 1) [84,91].

6. Gallstone formation

Gallstone formation is a common late complication after MBS, with reported incidences
ranging from approximately 10% to 50%, driven primarily by rapid postoperative weight
loss [92,93]. Rapid weight loss increases cholesterol saturation of bile and reduces
gallbladder motility, favoring stone formation, typically within the first 6 to 12 months
postoperatively [93,94]. Most gallstones remain asymptomatic, but a subset of patients
develop biliary colic or complications such as acute cholecystitis, choledocholithiasis, or
gallstone pancreatitis, which may require cholecystectomy [95]. Diagnosis is established by
abdominal ultrasonography, the first-line imaging modality for gallstones and cholecystitis
[95]. CT or magnetic resonance cholangiopancreatography is used as an adjunct when
choledocholithiasis or gallstone pancreatitis is suspected [96].

Prophylactic ursodeoxycholic acid significantly reduces the overall incidence of gallstone
formation after bariatric surgery, with a dose of 600 mg/day associated with improved
compliance and superior outcomes regardless of procedure type, whereas higher doses (>600
mg/day) have not shown a significant benefit [97]. A subsequent, larger meta-analysis of 12
randomized controlled trials confirmed a significant reduction in overall gallstone incidence
as well as symptomatic cholelithiasis and cholecystectomy rates [98]. Routine prophylactic
cholecystectomy is not recommended, consistent with ASMBS guidance (Table 1) [99].
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7. Nutritional deficiencies

Nutritional deficiencies are common long-term complications after bariatric surgery,
particularly after procedures with a malabsorptive component such as RYGB. They result
from reduced dietary intake, altered gastrointestinal anatomy, impaired nutrient absorption,
and suboptimal adherence to lifelong supplementation. Current nutritional guidelines
emphasize routine biochemical surveillance and procedure-specific supplementation
because deficiencies of iron, vitamin B12, folate, calcium, vitamin D, and fat-soluble vitamins
may occur after bariatric surgery [100-102].

Iron deficiency is one of the most frequent micronutrient deficiency and may progress to iron
deficiency anemia if not detected and treated. After RYGB, the incidence of iron deficiency
anemia ranges from 16-24%, depending on baseline nutritional status, procedure type,
adherence to supplementation [103-105]. Major risk factors include female sex (particularly
premenopausal women), younger age, low preoperative ferritin or preexisting anemia,

heavy menstrual or gastrointestinal blood loss, the malabsorptive nature of RYGB, and

poor adherence to postoperative iron supplementation [103,106]. The clinical spectrum

of iron deficiency ranges from asymptomatic biochemical depletion to fatigue, reduced
exercise tolerance, exertional dyspnea, palpitations, dizziness, and headache. Advanced
deficiency may be associated with pallor, brittle nails, hair loss, or restless legs syndrome.
Subtle cognitive impairment and reduced quality of life have also been reported in patients
with iron deficiency. Diagnosis is based on laboratory evaluation showing microcytic or
normocytic anemia with low serum ferritin (or ferritin in the low-normal range in the context
of inflammation), reduced transferrin saturation, and low serum iron, often accompanied

by elevated total iron-binding capacity. Because iron depletion often precedes overt anemia,
routine biochemical surveillance is recommended for early detection. Treatment includes
routine prophylactic multivitamin, mineral, and iron supplementation for all patients after
bariatric surgery. Once iron deficiency is confirmed, oral iron supplementation should

be escalated to therapeutic doses, preferably administered with vitamin C, while avoiding
concomitant administration with calcium supplements or PPI to optimize absorption.
Intravenous iron supplementation should be considered in patients with significant anemia,
intolerance or malabsorption of oral iron, active bleeding, pregnancy, or persistently
increased iron requirements. Contributory factors, including menstrual or gastrointestinal
blood loss, MUs, and inadequate dietary intake, should be identified and corrected to prevent
recurrent deficiency.

Vitamin B12 and folate deficiencies are also common (vitamin B12, ~24%; folate, ~9%, less
common due to compensatory small bowel absorption) after RYGB, reflecting reduced
intrinsic factor secretion, diminished gastric acid, and bypass of the duodenum and proximal
jejunum [107]. Vitamin B12 deficiency manifests as glossitis, peripheral neuropathy, and
megaloblastic anemia, whereas folate deficiency is more often asymptomatic. Diagnosis is
based on serum Vitamin B12 and folate levels. Routine supplementation with a bariatric-
specific multivitamin containing at least 350-1,000 pg of vitamin B12 and 400-800 pg

of folic acid is recommended, with parenteral vitamin B12 reserved for symptomatic or
malabsorptive patients [100-102,108].

Vitamin D and calcium deficiencies are common after RYGB. Vitamin D deficiency affects
roughly 35-54% of patients depending on follow-up duration, while calcium deficiency
(hypocalcemia) is comparatively less frequent, occurring in approximately 2% of RYGB
patients [109,110]. This impaired vitamin D-calcium homeostasis predisposes to secondary
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hyperparathyroidism and progressive bone loss, most pronounced at the hip, particularly
in postmenopausal women [111]. Patients are often asymptomatic but may present with
bone pain, muscle weakness, or fragility fracture. Diagnosis relies on serum calcium,
25-hydroxyvitamin D, and parathyroid hormone, with bone mineral density assessment
in high-risk patients. Current guidelines recommend 1,200-1,500 mg/day of elemental
calcium, preferably as calcium citrate given in divided doses, along with at least 3,000 IU/
day of vitamin D. The vitamin D dose should be adjusted or titrated to maintain serum
25-hydroxyvitamin D level above 30 ng/mL (Table 1) [100-102,108].

8. Dumping syndrome and post-bariatric hypoglycemia (PBH)

Dumping syndrome is a common functional complication following MBS, with early
dumping reported in up to 40% and late dumping in up to 25% of patients [112]. Early
dumping results from rapid emptying of hyperosmolar gastric contents into the small
intestine, causing osmotic fluid shifts into the bowel lumen and triggering early postprandial
vasomotor (fatigue, flushing, palpitations, hypotension) and gastrointestinal symptoms
(increased bowel sounds, diarrhea, bloating, nausea, abdominal cramping), within 1 hour
after meal. Late dumping occurs 1-3 hours after meals, when a rapid rise in blood glucose
provokes an exaggerated insulin response, resulting in postprandial hypoglycemia. Most
patients experience mild, transient autonomic (adrenergic) symptoms such as sweating,
palpitations, tachycardia, tremors, hunger, or anxiety.

PBH is considered a distinct clinical entity characterized by documented postprandial
hypoglycemia accompanied by neuroglycopenic symptoms, such as confusion, impaired
consciousness, or seizure due to inadequate glucose supply to the brain, and should be
distinguished from the broader concept of late dumping syndrome [113].

Diagnosis of dumping syndrome is primarily clinical, based on the timing and pattern of
postprandial symptoms and often supported by the Sigstad score. Modified oral glucose
tolerance testing may be used in selected patients with suspected dumping syndrome. PBH

is confirmed when 4 criteria are met: symptomatic postprandial hypoglycemia fulfilling
Whipple's triad; a history of MBS performed more than 1 year before symptom onset; absence
of fasting hypoglycemia; and no recent use of hypoglycemia-inducing drugs. Capillary blood
glucose measurement is generally used to confirm hypoglycemic episodes in practice, while
continuous glucose monitoring may serve as a useful adjunct, particularly for detecting
nocturnal hypoglycemia, though it is not recommended as a standalone diagnostic tool [113].

Dietary modification is first-line, with small, frequent, protein-rich meals and restriction of
simple carbohydrates, accompanied by pharmacologic therapy such as acarbose, diazoxide,
or GLP-1 receptor antagonists, while revisional surgery is limited to refractory cases. Given
its heterogeneous presentation and the potential risk of long-term morbidity, dumping
syndrome and PBH require systematic screening and individualized management within the
broader spectrum of post-bariatric surgical complications (Table 1) [113-115].

CONCLUSIONS

MBS is generally safe, effective, and durable treatment for severe obesity and its associated
comorbidities, yet it carries a well-defined spectrum of complications that can differ by
procedures. Early complications including leakage, bleeding, and VTE are uncommon in
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experienced centers but can progress rapidly to life-threatening events if not recognized and
managed promptly. Late complications, such as GERD, sleeve stenosis or twist after SG, GJ
anastomotic stricture, marginal ulceration, internal hernia after RYGB, gallstone formation,
nutritional deficiencies, and dumping syndrome and PBH, are more prevalent, often persist
for years, and can meaningfully affect quality of life. A procedure-specific understanding

of complication patterns, standardization of operative technique, modification of patient-

related risk factors, and protocolized postoperative follow-up with appropriate medical,

endoscopic, and surgical strategies are essential to minimize morbidity and preserve the
long-term weight-loss and metabolic benefits of surgery.
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