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Abstract: Dumping syndrome is a common complication after esophageal, gastric and bariatric surgery and has a significant negative
impact on the quality of life of patients. This narrative review describes the clinical syndrome, pathophysiology, diagnosis and reports
on standard and pragmatic therapeutical treatment options in order to improve the clinical outcome of patients with dumping
syndrome. Dumping syndrome consists of early and late dumping symptoms and can be diagnosed using clinical parameters with
the help of the Sigstad’s score, questionnaires or by provocative testing. The prevalence of dumping syndrome varies depending on the
employed definition of dumping syndrome. Overall, dumping syndrome is more frequent nowadays due to increasing numbers of
upper gastrointestinal and bariatric surgeries being performed. First treatment step includes dietary adjustment and dietary supple-
ments, which are often sufficient to manage symptoms for the majority of patients. Next step of therapy includes acarbose, which is
effective for late dumping symptoms, but the use is limited due to side effects. Somatostatin analogues are indicated after these two
steps have failed. Somatostatin analogues are very effective for controlling early and late dumping, also in the long term. Glucagon
like peptide-1 receptor agonists, endoscopic and surgical (re)interventions are reported as treatment options for refractory dumping
syndrome; however, their use is not recommended in clinical practice due to the limited evidence on and uncertainty of outcomes.
These alternatives should be considered only as last resort options in patients with otherwise refractory and invalidating dumping
syndrome.

Keywords: dumping syndrome, early and late dumping, somatostatin analogues, octreotide, bariatric surgery, upper gastrointestinal
surgery

Introduction

The first descriptions of postprandial symptoms and rapid emptying of the stomach after surgical gastroenterostomy
date from 1907 to 1913 and report the occurrence of symptoms as unfavorable after-effects of the surgery.'? The term
“dumping” was introduced seven years later. in 1920, when rapid barium gastric emptying was first documented in
patients with typical postprandial symptoms.** Since the description of this syndrome, there has been an increase in
reporting of dumping syndrome due to increased awareness and an increase in the number of upper gastrointestinal
surgeries consisting of oncologic, bariatric (Roux-en-Y gastric bypass [RYGB] or sleeve gastrectomy) and anti-reflux
surgeries being performed. There is still debate about the definition and diagnosis of dumping syndrome, hampering
interpretation and aggregation of results from scientific studies. Clinical symptoms are divided into early dumping
symptoms (within an hour after a meal) and late dumping symptoms, typically occurring 1-3 hours postprandially.
Although we have learned a lot in terms of pathophysiology and treatment options, there are still several knowledge gaps
that should be identified before we can optimize treatment. This is particularly relevant for patients with dumping
syndrome in whom initial treatment options such as diet and drug therapy with somatostatin analogues do not sufficiently
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improve symptoms. The aim of the current narrative review is to describe dumping syndrome and guide clinicians,
dieticians and other medical caregivers in terms of diagnosis and treatment options.

Methods

Relevant studies for this narrative review were identified by a PubMed search using search terms including dumping
syndrome. Articles published up to 31 January 2023 and written in the English language were reviewed and selected.
Additionally, reference lists from the original articles were reviewed for other relevant studies in order to be as complete
as possible in the current review. As there is limited availability of evidence of high-quality studies on diagnosis and
treatment of dumping syndrome, one should note that this review comprises evidence and suggestions from the
consensus guideline’ on dumping syndrome published in 2020 and data from the most recent literature. In the consensus
guideline, level of evidence is graded and given per questioned item.® In this narrative review we provide the level of
evidence (Supplementary Table 1) for each item that is discussed.

Clinical Features of Dumping Syndrome

The clinical picture of dumping syndrome consists of two subtypes: early and late dumping, based on the timing at which
symptoms appear postprandially and on their underlying pathophysiology. About 70% of patients with dumping
syndrome have early dumping without late dumping and 30% present with combined early and late dumping. A small
minority of patients suffer from late dumping only. Early dumping occurs in the first hour after meal ingestion and late
dumping occurs one to three hours postprandially. Early dumping symptoms are divided into abdominal and systemic
symptoms. Abdominal symptoms consist of borborygmi, fullness, abdominal distension, pain, nausea and diarrhea.
Systemic (vasomotor) symptoms consist of palpitations, desire to lie or sit down, feeling of warmth, sweating, flushing,
dizziness, fatigue and exhaustion. Early dumping is the result of rapid nutrient delivery into the small intestine.
Symptoms of late dumping syndrome are primarily the manifestations of reactive (neuro)hypoglycemia, as indicated
by fatigue, weakness, confusion, hunger, syncope, and loss of consciousness, and autonomic and/or adrenergic reactivity,
as indicated by perspiration, palpitations, tremors and irritability. Dumping symptoms typically develop after ingestion of
food. Patients are free of symptoms in the fasting state. Meals and liquid foods rich in rapidly absorbable carbohydrates
(usually simple sugars with a high glycemic index) rather than meals rich in complex carbohydrates are not well
tolerated. The severity of complaints may vary from mild to severe. Dumping symptoms are often debilitating and
emotionally distressing, and are associated with a substantial reduction in quality of life and subsequently may lead to

considerable weight loss as a result of the patient avoiding food intake.>”"°

Pathophysiology of Dumping Syndrome

Upper gastrointestinal (GI) surgery can reduce gastric volume, remove the barrier function of the pylorus, or affect
gastric motor function via vagal denervation. All these factors may lead to more rapid delivery of food into the small
bowel. The hyperosmolar small bowel chyme may cause a fluid shift from the vascular compartment to the intestinal
lumen, resulting in hypotension and occasionally even syncope. The fluid shift may cause bowel distension and generate
abdominal symptoms such as fullness, borborygmus, abdominal distension, cramping, pain and diarrhea. The occurrence
of this fluid shift has previously been confirmed by a rise in hematocrit level in the first hour after meal ingestion or
during dumping provocation tests.'™'" Consequently, as compensation, a drop in atrial natriuretic peptide secretion may
occur.'? Volume shifts are not the only mechanism of early dumping as adequate intravenous fluid substitution is not
effective in preventing symptoms of early dumping.'* A second mechanism involved is the enhanced release of various
gastrointestinal hormones resulting in (1) stimulation of gastrointestinal motility and secretion, and (2) enhanced release
of vasoactive agents affecting both abdominal and systemic blood flow and vasomotor function. Much attention has been
given in the past decades to incretin hormones such as glucagon-like peptide-1 (GLP-1) and glucose-dependent
insulinotropic peptide (GIP), both being gut peptides released from the more proximal small bowel and known to
stimulate insulin secretion after a hyperglycemic spike resulting in reactive hypoglycemia.'* ' Postprandial hypoglyce-
mia (PPH) occurs more often after bariatric surgery.”'”'® A recent study that used continuous glucose monitoring
(CGM) found a prevalence of PPH after bariatric surgery of up to 50% in patients who had undergone Roux-en-Y gastric
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bypass (RYGB) or vertical sleeve gastrectomy.'® The terms PPH and late dumping are used interchangeably. Some
authors, however, differentiate the two conditions because of differences in the time of onset after surgery: dumping
developing shortly after surgery (weeks), while hypoglycemia typically manifests at a later stage, months or sometimes
years after bariatric surgery.?’ In our experience, this is also the case with late dumping symptoms. Most importantly, the
pathophysiology of dumping and PPH is identical’' and, in our opinion, PPH should be seen and treated as a late
dumping manifestation.

Epidemiology of Dumping Syndrome

The reported incidence and prevalence of dumping syndrome varies widely and depends on (1) which definition and
diagnostic criteria are used, and (2) the type and extent of surgery performed. It is estimated that dumping symptoms are
present in around 20% of patients with vagotomy with pyloroplasty, up to 40% of patients after RYGB or sleeve
gastrectomy, and have been reported in up to 50% of patients after esophagectomy (Table 1). The cause of dumping
syndrome has shifted from post-upper GI surgery for benign gastric or duodenal ulcer disease to the majority of dumping
syndrome being due to post-bariatric surgery and upper gastrointestinal oncologic surgery nowadays. As a larger number
of patients are undergoing sleeve gastrectomy or RYGB for bariatric purposes, it is important for clinicians to recognize
and treat dumping syndrome as it results in a reduced health-related quality of life for patients.®

Prevalence Based on Self-Reported Symptoms

When looking at the incidence and prevalence of dumping symptoms, widely varying occurrence of dumping symptoms
has been reported in several studies, including systematic reviews (Table 1).*> Reported incidence and prevalence of
dumping symptoms depend on whether symptoms are self-reported or based on the Sigstad’s diagnostic scoring system
(Table 2). However, it is likely that underreporting of reactive hypoglycemia is likely in published case series. Early
studies report on the presence of dumping symptoms in 11% of patients after vagotomy and pyloroplasty and 26% of
patients after vagotomy and after vagotomy and hemigastrectomy for surgical treatment of duodenal ulcers.”® Early
dumping symptoms are encountered in up to 45% of patients and late dumping symptoms in up to 13% of patients after
esophagectomy.” A systematic review reports on the presence of dumping symptoms in up to 78% of patients after
esophagectomy.”” Post-gastrectomy (distal gastrectomy with Billroth I or Roux-en-Y reconstruction, proximal/total/
pylorus preserving gastrectomy), self-reported symptoms of early dumping syndrome occur in around 67% of patients
and of late dumping syndrome in 38% of patients after surgery for gastric cancer.?’ With regard to post-bariatric surgery,
presence of dumping symptoms differs per type of surgery performed. When RYGB and sleeve gastrectomy are
combined, 31% of patients report experiencing dumping symptoms.”® For sleeve gastrectomy, the highest reported
estimate of early dumping symptoms is 41%,%° whereas it is 26% after RYGB.'® The presence of late dumping symptoms
was reported less frequently: in 11% of patients after RYGB and in 6.7% of patients after sleeve gastrectomy.”* Notably,
late dumping symptoms appeared to occur more often in patients with revisional RYGB after an initial gastric band
procedure compared to primary RYGB, perhaps because it is easier to damage the vagal nerve fibers during a second
intervention (revisional RYGB) in the case of prior adhesions after gastric banding.24 When late dumping symptoms are
present they are nearly always preceded by early dumping symptoms, whereas early dumping symptoms may occur
separately.®’

Dumping syndrome is also seen after anti-reflux surgery, such as Nissen fundoplication, but is mainly reported to
occur in children.*>>* Potential causes for dumping syndrome after fundoplication include vagal nerve damage and
impaired postprandial fundic accommodation. Vagal damage may occur in up to 20% of patients after anti-reflux surgery
but dumping syndrome occurring after anti-reflux surgery is rare.*

In recent years, pyloric intervention (pyloroplasty or pyloromyotomy) has been introduced as a therapy for refractory
gastroparesis. It remains unclear whether these procedures increase the risk of dumping syndrome. Even when taking

2728 into account, with a varying presence of dumping after different degrees of vagotomy with or without

earlier studies
pyloroplasty, uncertainty remains whether it is the vagotomy or pyloroplasty that causes dumping symptoms. In a recent

study on the safety of gastric per oral endoscopic myotomy (G-POEM) in 217 patients with refractory gastroparesis,
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Table | Prevalence of Dumping Syndrome After Surgery

cross-sectional

questionnaire

Type of Surgery | Early Dumping Late Diagnosis Based on: Number of | Number | Follow-Up Type of Study | Notes Reference
Dumping Operated of
Patients Studies
Prevalence Prevalence | Symptoms | Provocative
Test
Esophagectomy
45% 13% | Yes 188 I | 1.5 years Cohort Anandavadivelan’
20% NA | Yes 2044 33 | Between 7 Systematic No distinction made | Boshier?
months and review between early and
18 years late dumping
Post-bariatric
surgery
31% (4.6% to 87%, NA | Yes 240 I Cross-sectional | Number of patients | Alsulami?
depending on type per type of surgery:
of surgery) sleeve gastrectomy
n=208: 87%
RYGB n=11: 4.6%
mini-bypass n=16:
6.7%
gastric band n=5:
2.1%
Roux-en-Y gastric
bypass surgery
19% 11% | Yes 351 | Cross-sectional Emous®*
26% NA Mixed-meal 46 I | 4 years Cross-sectional Wijma'®
tolerance}
Sleeve
gastrectomy
41% NA | Yes 122 I Single-center Sun®®
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9% 6.7% | Yes 89 Cross-sectional Emous?*
25% 33% | Yes OGTT} 25 | year Cohort Papamargiritis26
Vagotomy and/
or pyloroplasty
Selective 34% Yes OGTT (12 of 50 | year Cohort Humphrey®”
vagotomy and 15 tested:
pyloroplasty confirmed)t
Truncal vagotomy 20% Yes OGTT (I of 50 | year Cohort Humphrey?”
and pyloroplasty 15 tested:
confirmed)t
Highly selective 7% Yes OGTT (7 of 50 | year Cohort Humphrey?”
vagotomy 15 tested:
confirmed)t
Vagotomy and 11% Yes 183 2 years Cohort Mulholland?®
pyloroplasty (data on 80%
of patients)
Vagotomy and 26% Yes 151 2 years Cohort Mulholland®®
hemigastrectomy (data on 80%
of patients)

Notes: tFor early dumping syndrome. }For early and late dumping syndrome.
Abbreviations: NA, not applicable; OGTT, oral glucose tolerance test; RYGB, Roux-en-Y gastric bypass.
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Table 2 Sigstad’s Diagnostic Index for the Diagnosis of
Dumping Syndrome

Pre-shock, shock +5
Almost fainting, syncope, unconsciousness +4
Desire to lie or sit down +3
Breathlessness, dyspnea +3
Weakness, exhaustion +3
Sleepiness, drowsiness, yawning, apathy, falling asleep +3
Palpitations +3
Restlessness +2
Dizziness +2
Headache +1
Feeling of warmth, sweating, pallor, clammy skin +1
Nausea +1
Fullness in the abdomen, meteorism +|
Borborygmi +1
Eructation =1
Vomiting —4

Notes: Patients are asked about the presence of 16 symptoms of dumping
syndrome and points are assigned to each symptom. A diagnostic index of >7 is
suggestive of dumping syndrome while a score <4 indicates that other diagnoses
should be considered. Reprinted from Sigstad H. A clinical diagnostic index in
the diagnosis of the dumping syndrome. Changes in plasma volume and blood
sugar after a test meal. Acta Med Scand. 1970;188(6):479—486. 1970 Association
for the Publication of the Journal of Internal Medicine.?'

three patients were reported to have developed dumping symptoms after G-POEM however, this is without confirmation
by provocative testing.*

Prevalence Based on Provocative Testing
Presence of dumping syndrome one year after surgery as assessed by a provocation test with oral hypertonic glucose
ingestion is higher in patients who underwent selective vagotomy and pyloroplasty (80%; 12 of 15 tested patients) or
truncal vagotomy and pyloroplasty (73%; 11 of 15 tested patients) as compared to a highly selective vagotomy (47%; 7
of 15 tested patients) (Table 1).?’ Strikingly, this early study showed that clinical incidence of early dumping symptoms
was much lower than when based on provocative testing: 34% after selective vagotomy and pyloroplasty, 20% after
truncal vagotomy and pyloroplasty, and 7% after highly selective vagotomy.>” Provocative testing by a mixed-meal
tolerance test showed that early dumping symptoms were present in 26% of patients (n=12) four years after RYGB.'® An
increase in complaints of dumping symptoms after a mixed-meal test was seen in 46% of RYGB patients (22 out of 47
patients in total).?! Patients often develop late dumping syndrome after a longer post-operative period compared to early
dumping symptoms. This is shown in a study including patients after RYGB who underwent an oral glucose tolerance
test: the prevalence of late dumping syndrome was highest at the latest follow-up at 12 months (33%, n=4) as compared
to 6 weeks or 6 months after surgery.

In general, the prevalence of dumping symptoms is increasing over time as more upper gastrointestinal (GI) and
bariatric surgical procedures are being performed. One should consider that patients have often changed eating patterns to
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reduce dumping symptoms prior to seeking medical advice. This hampers interpretation of the above-mentioned studies
and estimates, as provocative testing is not uniformly or routinely performed.

Diagnosis of Dumping Syndrome

When is Testing Indicated?

Dumping syndrome should be suspected based on the concurrent presentation of typical systemic and abdominal
symptoms in patients who have undergone upper GI or bariatric surgery. Unfortunately, in daily clinical practice
a diagnosis of dumping syndrome is frequently missed and appropriate initiation of effective treatment is therefore
delayed. In patients suspected of dumping syndrome, diagnosis can be established using symptom-based scores or
questionnaires and provocation tests, with scoring of both symptoms and objective parameters. In every patient after
bariatric surgery, upper GI oncologic surgery or anti-reflux surgery who presents with combined typical systemic and
abdominal postprandial symptoms, dumping syndrome should be suspected.

Which Test Should Be Performed for Confirmation of Diagnosis?

In 1970, the Sigstad’s score was introduced to aid diagnosis of dumping by assigning points to each of 16 typical
dumping symptoms (Table 2).*' The total sum of points is used to calculate a diagnostic index. A score of >7 is
suggestive of dumping syndrome; a score of <4 indicates that other diagnoses should be considered. The Sigstad’s score
was developed in the era of peptic ulcer surgery. It should be taken into account that the diagnostic accuracy of the
Sigstad’s score has not been established in patients after bariatric surgery or upper GI oncological surgery. The dumping
severity score developed by Arts et al’’ is mainly used as an index of severity and was not designed for diagnostic
purposes. The Dumping Symptom Rating Scale is a questionnaire that takes into account nine symptoms addressing early
dumping syndrome.*® This scale has been validated in a large patient cohort.>® Unfortunately, responsiveness to therapy
has not yet been evaluated.

Scores and questionnaires may prove helpful but the cornerstone of a clinical diagnosis of dumping is clinical
awareness, patient medical history and a detailed investigation of typical postprandial symptoms. The occurrence of these
typical systemic and abdominal postprandial symptoms in patients after bariatric or upper GI (oncological) surgery
should make physicians suspect the presence of dumping syndrome. The Sigstad’s score has diagnostic value and both
Sigstad’s and Arts scores may help to quantify the severity and impact of dumping symptoms. Dumping provocation tests
may help to confirm the diagnosis in cases where dumping syndrome is uncertain or should be distinguished from other
postprandially occurring disorders.

In its original report, Sigstad’s diagnostic questionnaire test was proposed to be combined with an oral glucose
tolerance test (OGTT) in the diagnostic work-up of dumping.*' In addition to symptoms, objective signs such as a higher
pulse rate and an increase in hematocrit were also used as indicators of hypovolemia. Later, hypoglycemia was added as
a marker for late dumping. For diagnostic purposes the OGTT is still the preferred dumping provocation test. This test
usually involves the ingestion of 50 or 75 grams of glucose in an aqueous solution. Blood concentrations of glucose,
hematocrit level, pulse rate and blood pressure are measured at 15-30-minute intervals for up to 3 hours after the
ingestion of the glucose solution. The test is considered positive for early dumping if early dumping symptoms are
provoked and these symptoms are associated with an early increase in hematocrit level of more than 3% and/or by an
episode of increased pulse rate by more than 10 beats per minute.'”'" For the diagnosis of late dumping after OGTT,
symptoms of late dumping should be provoked in combination with a glycaemia below 3.3 mmol/L, usually occurring
between 90 and 180 minutes after glucose ingestion.>® *! In other studies a cut-off level of 2.8 mmol/L was preferred, but
at this level diagnostic sensitivity to late dumping is lower. In a recent international consensus report, a cut-off of 2.8
mmol/L was selected as definition of late dumping.” In the past we have validated the dumping provocation test by
defining cut-off values for hematocrit, pulse rate increase and late hypoglycemia (at 3.0 mmol/L) between dumping
patients, healthy controls and asymptomatic patients after upper GI surgery.** Dumping provocation using meals rich in
rapidly absorbable carbohydrates appears more attractive since this is a greater physiological stimulus. However, this
provocation test is less well standardized.’ For more than 30 years we used the OGTT dumping provocation test in cases
where we doubted the diagnosis. It is important that the test is well standardized, that the patient is in a resting state and
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medical staff are familiar with the occurrence and management of symptomatic hypoglycemia. Several authors indicate
that a beneficial response to octreotide (OCT) subcutaneous (s.c.) during provocation tests is important additional
evidence for the diagnosis of dumping syndrome. Gastric emptying is a key mechanism in dumping syndrome; however,
gastric emptying tests have low sensitivity and specificity for dumping syndrome and are therefore not recommended for
diagnosis.’

Treatment Options
Therapy for dumping syndrome mainly relies on dietary and lifestyle adjustments. A schematic illustration of the
treatment steps can be seen in Figure 1.

Diet

The first step in the management of dumping syndrome consists of dietary modifications. This step is essential and
usually effective in patients with mild to moderate dumping symptoms. Patients with moderate to severe dumping usually
avoid large meals and meals rich in rapidly absorbable carbohydrates to control symptoms. In post-bariatric patients and
patients after oncologic surgery the occurrence of dumping syndrome is a risk factor for malnutrition. Nutritional support
is essential and should include smaller and more frequent meals. Patients are advised to consume a diet high in fiber and
rich in proteins, the latter to ensure sufficient caloric intake. Rapidly absorbable carbohydrates should be eliminated from
the diet and dietary advice with education about the glycemic index of different foods is essential and requires referral to
a dietician. It is advised to refrain from intake of fluids for at least 30 minutes after meals in order to delay
gastrointestinal transit.>**

In case of insufficient control of dumping symptoms with dietary measures, use of dietary supplements should be
considered. Supplements such as guar gum, pectin and glucomannan increase chyme viscosity, delay gastrointestinal
transport and reduce gut peptide release, thus contributing to better control of dumping symptoms and glucose
homeostasis.” Despite proven efficacy for managing dumping symptoms, the palatability, tolerability and patient
acceptance of dietary supplements that increase chyme viscosity are poor. Behavioral interventions are indicated when
aversion changes in eating patterns have occurred due to the invalidating postprandial discomfort caused by dumping.*’
Ketogenic diets are increasingly popular nowadays for several indications such as diabetes mellitus and epilepsia. In this

Dumping Syndrome Diagnosis

Early Dumping Late Dumping

Step 1 Dietary advice and supplements
Lifestyle interventions

Reducing nutrient
delivery in the proximal
ﬂ ﬂ intestine, glucose
absorptionand

Step 2 Viscosity agents Acarbose hypertonicgut content

[ |

Step 3 Somatostatinanalogues Redacing gutpeptide,

hormone release

Experimental endoscopic interventions, surgical re-intervention

Step 4
i or use of off label medication (e.g. GLP-1 agonists)

Figure | Stepwise approach for management of dumping syndrome.
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diet, carbohydrate intake is severely restricted and may result in a disruption of normal glucose homeostatic mechanisms.
Hypoglycemic episodes have been described in people consuming ketogenic diets but without the classical symptoms of
hypoglycemia.** More information is needed on the long-term effects of this diet in general. Given the additional risk
of hypoglycemia, ketogenic diets should not be advised for patients with dumping syndrome.

Acarbose

Acarbose is an alpha glycosidase hydrolase inhibitor that is taken before a meal (50 to 100 mg 3 times daily) to delay the
conversion of oligosaccharides to monosaccharides in the small bowel that results in attenuated post-prandial hypergly-
cemia. It was widely used initially for the treatment of non-insulin-dependent diabetes mellitus. Its first use in dumping
syndrome dates from the 1980s, when small-scale studies pointed to improvement in symptoms in patients with dumping
syndrome, improvement in oral glucose tolerance test results, reduction of gastrointestinal hormone release and reduction
in the incidence of hypoglycemia. Its use in daily clinical practice is limited due to side effects resulting from bacterial
fermentation of unabsorbed carbohydrates in the colon leading to bloating, diarrhea and flatulence.**” Published studies
have described acarbose improving late dumping symptoms while its effect on early dumping symptoms is only limited.

Somatostatin Analogues

Somatostatin (SST) is a brain—gut peptide that exerts its effects by interacting with specific receptors that belong to the
family of G-protein coupled receptors. Five SST receptor subtypes have been identified (SSTR1-SSTRS). While all five
subtypes are expressed in human tissue, the predominant subtypes in endocrine tissue are SSTR2 and SSTRS. SST
inhibits the secretion of growth hormone, prolactin and various gastrointestinal peptides. SST also inhibits gastric,
exocrine and endocrine pancreatic secretions and reduces intestinal blood flow. On one hand, it modulates gastrointestinal
motility by inhibiting gallbladder motility, delaying gastric emptying (late phase) and intestinal transit time while, on the
other hand, stimulating phase III of the migrating motor complex in the small intestine.

Octreotide (OCT) is a synthetic analogue of SST with pronounced gastrointestinal inhibitory effects including the
inhibition of secretion of incretin hormones and insulin. OCT has an elimination half-life of 100—110 minutes. Since the
1980s octreotide has been registered for use in endocrine disorders, but not for dumping syndrome: the use of octreotide
for dumping syndrome is still off-label. Several studies have clearly demonstrated the efficacy of repeated daily
injections of OCT in preventing or significantly reducing symptoms of early and late dumping.'®*"*** It is generally
agreed that OCT is the preferred treatment option for dumping symptoms in patients refractory to dietary measures and
dietary supplements. Octreotide is already effective at doses of 25-50 microgram s.c. Based on frequency of dumping
symptoms, it can be administered 1-3 times daily, 15-30 minutes before meal intake or upon patient’s preference or
depending on intended caloric (carbohydrate) intake. Side effects such as steatorrhea, nausea and painful injection sites
may occur. We have previously shown that, despite high efficacy, many patients discontinue short-acting OCT therapy
because of pain at the injection site and the need for repeated daily s.c. injections.**>

After an initial positive response to short-acting somatostatin analogues lasting from several weeks to months,
patients can be converted to long-acting somatostatin analogues providing equal symptomatic benefit.* Patients prefer
long-acting formulations primarily because of the lower number of injections required: once every four weeks intra-
muscular instead of 1-3 times s.c. daily. Compared to short-acting SST, the long-acting SST analogues appear to be more
effective in increasing body weight and improving quality of life.” Dumping symptoms are reduced by 50%, and this
efficacy remains present in long-term users both with short-acting and long-acting somatostatin analogues. Nevertheless,
during a long-term follow-up (mean 55 months) in 34 patients with dumping syndrome, over 50% discontinued
octreotide therapy because of side effects or insufficient symptomatic response.””> Body weight continued to increase
during long-term octreotide therapy despite more pronounced steatorrhea.

Both Arts et al*’ and Didden et al>> reported that, in patients with the most severe dumping symptoms, better
symptom control was obtained with short-acting octreotide three times a day than with long-acting octreotide adminis-
tered monthly. After a dose of 50 pg s.c. of short-acting octreotide, peak plasma concentrations are reached around 2—3
ng/mL within one hour, thereafter declining to zero within several hours, while with monthly 20 mg octreotide long-
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acting release (LAR), steady state concentrations of 1.2-1.5 ng/mL are reached.’® To prevent or reduce dumping
symptoms high serum concentrations are needed but only in the first 1-2 postprandial hours.
Considerations to remember when prescribing somatostatin analogues to patients are that (1) gallbladder motility is

diminished and up to 30% of patients develop gallbladder stones,”*’

and (2) inhibition of pancreatic enzyme secretion
and of fat malassimilation/malabsorption may occur, resulting in steatorrhea.’>® Didden et al’®> found that steatorrhea
was significantly higher during short-acting compared to long-acting somatostatin analogues.

With respect to long-acting somatostatin analogues, several formulations are on the market: depot long-acting
octreotide, pasireotide and lanreotide. For lanreotide, a randomized placebo-controlled trial was in favor of the efficacy
of lanreotide autogel on early dumping symptoms but not for late dumping symptoms.*” Pasireotide, a newer long-acting
SST analogue, appeared to be equally effective in the prevention of hypoglycemia but treatment-related hyperglycemia
was more frequently reported in patients receiving pasireotide treatment.®®®! Pasireotide has a higher binding affinity for
the SSTRS and similar affinity for the SSTR2 when compared to octreotide. Large-scale placebo-controlled studies or

studies comparing the efficacy of long-acting SST analogues in dumping syndrome are lacking.

New Perspectives in Medical Interventions
Given that the pathophysiology of dumping syndrome is partly due to glucagon-like peptide-1 (GLP-1; a gut-derived
incretin hormone secreted by the L cells mainly found in the ileum that stimulate insulin secretion from the pancreatic 3
cells), it was suggested that antagonizing the action of GLP-1 may lead to a reduction in postprandial hypoglycemic
events.'® Although the exact mechanism remains unclear, we know from studies on glucagon-like peptide-1 receptor
agonists (GLP-1RAs) in type 2 diabetes mellitus patients that GLP-1RAs delay gastric emptying, reduce postprandial
hyperglycemia, promote insulin secretion, reduce p-cell workload and intestinal glucose absorption, and delay nutrient
transit through the small intestine. GLP-1RAs avoid a postprandial peak in insulin release by mimicking native GLP-1
and blocking the GLP-1 receptor (as they are resistant to dipeptidyl peptidase-4 breakdown) and therefore may reduce
hyperinsulinemic hypoglycemia episodes after bariatric surgery, as was recently analyzed in a systematic review.'®
Successful use of GLP-1RAs has also been described in individual cases: a patient with postsurgical late dumping
syndrome symptoms after Toupet fundoplication (liraglutide)'* and a patient after distal gastrectomy (beinaglutide)'> by
reducing symptomatic postprandial hyperinsulinemic hypoglycemic events. The use of GLP-1RAs was not discussed in
the clinical consensus guideline’ and is currently not advised for routine clinical care in dumping syndrome.
Sodium-glucose cotransporter inhibitors (SGLTi) are a new class of drugs that play an increasingly important role in
the treatment of type 2 and possibly also type 1 diabetes mellitus. Studies have shown that SGLTi reduce carbohydrate
absorption by inhibiting SGLT and thus decreasing the postprandial insulin spike, thereby potentially preventing PPH.
Indeed, in a small-scale study with 21 patients, the SGLT-1 inhibitor canagliflozin reduced over 85% of the hypoglycemic
episodes in patients with severe postprandial hypoglycemia.®? This class of drugs deserves further evaluation in patients
with severe dumping syndrome, especially late dumping. In case reports, the efficacy of diazoxide and calcium channel
blockers was demonstrated in patients with postprandial hypoglycemia by reducing the severity of hypoglycemia via
a reduction in postprandial insulin secretion.®®

Surgical Re-Intervention

After conservative steps have failed to manage symptoms of dumping syndrome, continuous enteral feeding or surgical
interventions can be considered.'” Continuous enteral feeding by a jejunostomy or tube in the remnant stomach avoids
symptoms triggered by meals but is invasive, associated with complications and has therefore a limited place in the
management of dumping syndrome.®* Depending on the initial type of surgery, several interventional procedures have
been proposed and described:'” pouch restriction, bypass reversal, interposed jejunal loops and even pancreatic
resection.®> 7 Surgical re-intervention after RYGB can be technically challenging, first, as a result of altered anatomy
and, second, because of adhesions, resulting in a higher number of adverse events and vagal nerve damage.>* When
surgical re-intervention (after RYGB or sleeve gastrectomy) including reversal to normal anatomy is considered, one
should verify whether the symptoms will improve if a feeding tube is placed through the remnant stomach or
bypasses the small bowel prior to reconnecting the gastric pouch to the remnant stomach. The consensus guideline on
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dumping syndrome, however, recommends a restrictive approach to surgical re-intervention, first, because the long-term
outcome of re-intervention is unclear and, second, the optimal procedure has not yet been established.” Up-to-date studies
on surgical re-intervention are relatively small, have short follow-up periods, are not consistent in terms of diagnosis of
dumping syndrome, and do not include a control arm. Therefore, conservative methods should be preferred in the case of
dumping syndrome whilst also taking into account spontaneous improvement of symptoms and gradual adaptation over

time.

New Developments in Surgical and Endoscopic Intervention

A variety of surgical and endoscopic procedures to address refractory dumping syndrome have been reported in the
literature. Currently, these procedures are certainly not considered as standard because of technical and methodological
challenges and wide variation in symptomatic response outcomes. Additionally, in these studies the definition and
diagnosis of dumping syndrome employed vary considerably and include patients who are poorly characterized.
Furthermore, data on the natural course of dumping syndrome are lacking, eg whether patients improve over time
remains unclear. From clinical experience, we have learned that the severity of dumping symptoms may gradually
diminish over time. However, in a small proportion of patients debilitating symptoms remain present, despite combined
dietary and medical interventions. Taking into account the limitations described above, a few newly-developed ther-
apeutic techniques are described below.

Targets of endoscopic or surgical interventions may include the delay of gastric emptying. After RYGB surgery,
endoscopic therapy may help to reduce the diameter of a dilated or incompetent gastrojejunal anastomosis in order to
delay gastric pouch emptying. In the literature, this procedure is referred to as transoral outlet reduction (TORe),** " or
endoscopic gastrojejunostomy revision (EGJR), or revision of the gastrojejunal anastomosis (GJA).”"7* A systematic
review to evaluate the effects of this technique included 6 studies, of which only 1 was prospective while the others were
retrospective reports.”’ Technical and clinical success was reported in 98% and 89% of patients, respectively, with a re-
intervention rate of 11.5%, taking into account that different devices were used for revision of the gastrojejunal
anastomosis.”’ A recent retrospective study with two years of follow-up after gastrojejunal anastomosis reduction
reported that, among 58 patients with dumping syndrome, the symptoms and Sigstad’s score improved in 69% (n=40
out of 58) of patients and in 57% (n=20 out of 35) a complete resolution of Sigstad’s score.”* Notably, in that study
follow-up at 2 years was only complete in 64% of patients. An alternative method to reduce the pyloric diameter is by
use of argon plasma coagulation (APC) on the anterior and apical surface of the pylorus and by using hemoclips. This has
been described in one female patient with dumping syndrome after sleeve gastrectomy.”

Despite endoscopic reduction of the gastrojejunostomy being reported as a relatively safe procedure, this technique
requires further clinical prospective evaluation. It is important that well-designed studies include patients prospectively
and evaluate dumping diagnosis and efficacy according to a structured protocol before its use is considered in routine
clinical practice.

One case report described a modified duodenal switch with pyloric restoration and shortening of bowel length after
RYGB improving subjective intractable dumping syndrome symptoms.’®

Apart from a possible target of therapy as a delay in gastric pouch emptying, slowing the esophageal passage of food
to the gastric pouch is also reported to be a target for intervention in dumping syndrome.”” A case report on a modified
Nissen fundoplication after RYGB — by creating a cuff around the esophageal—gastric junction with the fundus of the
remnant stomach — showed clinical success in managing dumping syndrome symptoms in one female patient. As the
follow-up was rather short, the occurrence of late complications after surgery, such as dysphagia, esophageal stasis or
recurrent symptoms remains unclear.”’

Use of the above-mentioned experimental surgical and endoscopic techniques has resulted in impressive success rates
in otherwise therapy-refractory patients. These techniques are currently certainly not ready for implementation in daily

clinical practice.’
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Conclusions

In recent decades, the face (clinical presentation) of dumping syndrome has not changed. Dumping is still related to
a postoperative state of the upper gastrointestinal tract with an accelerated nutrient delivery. Over the last 40 to 50 years, the
indications for upper GI surgery have shifted from benign ulcer disease to oncological causes and severe obesity (bariatric
surgery). Clinicians’ awareness of the typical symptoms of early and late dumping is crucial. The occurrence of dumping
symptoms within a typical fixed timeframe after meal ingestion combined with objective signs of hypovolemia for early
dumping (0—60 minutes postprandially) and symptomatic hypoglycemia (60—180 minutes postprandially) confirm the
diagnosis. Provocation tests have additional value in diagnosis of dumping syndrome. There is limited evidence of high
quality treatment options. Diet and therapy with short-acting and long-acting somatostatin analogues are effective in most
patients. The second step of therapy includes dietary supplements (viscosity agents) or acarbose, which is effective for late
dumping symptoms; however, their use is limited due to side effects. Long-term compliance with therapy involving
somatostatin analogues should be improved. Here, the use of patient reported outcome measures and shared decision
making is essential. On-demand incidental therapy with low doses of subcutaneous octreotide is an alternative to
continuous use somatostatin analogues, for instance when patients go out for dinner or attend social events. Medical
interventions with GLP-1 receptor agonists and possibly also SGLT-inhibitors, continuous enteral nutrition, endoscopic and
surgical (re)interventions are reported as treatment options for refractory dumping syndrome. However, their routine use is
not recommended in clinical practice due to limited evidence and uncertainty of outcomes. These alternatives should be
considered only as last-resort options in patients with otherwise refractory and invalidating dumping syndrome.
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