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Abstract

Background: Dumping syndrome is a complex of gastrointestinal symptoms originally
studied in peptic ulcer surgery patients. At present, it is most prevalent in patients
who underwent bariatric, upper gastrointestinal cancer or anti-reflux surgery. The
symptom pattern comprises early and late dumping symptoms. Several manage-
ment options have been reported including nutritional, pharmacological and surgical
approaches.

Aims and Methods: In this study, we aimed to review the current evidence on dump-
ing syndrome definition, diagnosis and treatment, including preliminary data from
newer pharmacological studies.

Results: Current pathophysiological concepts and analyses of provocative tests has
led to a clear definition of dumping syndrome, including both early and late dumping
symptoms. The term postbariatric hypoglycemia represents a limited focus on late
dumping only. The diagnosis relies on recognition of symptoms and signs in a patient
with appropriate surgical history; and can be confirmed by provocative testing or reg-
istration of spontaneous hypoglycemia. The initial treatment focuses on dietary inter-
vention, to which meal viscosity enhancers and/or the glycosidase inhibitor acarbose
can be added. The most effective therapy is the use of short- or long-acting somato-
statin analogues, which is however expensive and entails side effect issues. In case of
refractory hypoglycemia, diazoxide or SGLT2 inhibitors can be considered, based on
limited evidence. In refractory patients, continuous enteral feeding or (rarely) surgi-
cal reinterventions have been advocated, although not supported by solid evidence.
Therapies under current evaluation include the broad-spectrum somatostatin ana-
logue pasireotide, GLP-1 receptor antagonists, GLP-1 receptor agonists and adminis-
tration of stable forms of glucagon are currently under study.

Conclusions: Dumping syndrome is a well-defined but probably under-diagnosed
complication of upper gastrointestinal, especially bariatric, and surgeries. Diagnosis is
confirmed by a provocative test and incremental therapies starting with diet, adding
meal viscosity enhancers or glycosidase inhibitors and adding somatostatin analogues
in refractory cases. A number of emerging therapies targeting intestinal propulsion,

peptide hormone effects and hypoglycemic events are under evaluation.
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1 | INTRODUCTION

Dumping syndrome was first described by Hertz in 1913, who re-
ported the occurrence of ‘dumping-like’ symptoms after gastro-
enterostomy.* The term refers to symptoms and signs that occur
when food reaches the small bowel in a too large quantity and/or
too rapidly. Dumping syndrome, which was best-known in the era
of peptic ulcer surgeries, commonly occurs after partial or total
gastrectomy or surgical resections, now most commonly result-
ing from bariatric or oncological interventions.?™* Under normal
circumstances, the stomach together with the duodenum deter-
mines the timed release of ingested nutrients into the duodenum
through the interplay of antral contractions, pyloric tone, proxi-
mal stomach tone and negative feedback from duodenal nutrient
sensing, coordinated by the vagus nerve and peptide hormone re-
lease.® This coordinated function is often compromised after gas-
tric or esophageal surgery, leading to manifestations of dumping
syndrome.?™

It has been estimated that dumping syndrome occurs in up to
40% of patients undergoing gastrectomy, and in up to 50% of pa-
tients after esophagectomy?’6 Dumping syndrome has also been
reported after Nissen fundoplication in both children and adults.”°
At present, bariatric surgery has become the principal cause of post-
operative dumping syndrome, it frequently occurs as a complication
of Roux-en-Y gastric bypass (RYGB) as well as the purely restrictive
sleeve gastrectomy.!* ™% Furthermore, surgery involving the pylorus,
which entails the risk of vagotomy, can potentially lead to dumping
syndrome, since subsequent pyloric relaxation and loss of the duo-
denogastric feedback accelerates transit time.>** However, a study
on the safety profile of Gastric per oral endoscopic esophageal myot-
omy (G-POEM,) for gastroparesis, showed only low risk for dumping
syndrome, 1.4%, in these patients, all within 1 month post-procedure
and manageable by change in diet.!> A recent systematic review by
Vanuytsel et al. assessed the prevalence of early and late dumping
after bariatric surgery, which differs according to the technique
used.* In the case of purely restrictive surgery, such as laparoscopic
sleeve gastrectomy (LSG), dumping syndrome is thought to originate
from the change in gastric accommodation due to loss of receptive
relaxation, and resection of the pacemaker region of the stomach,
leading to accelerated gastric emptying.'>'” After RYGB, dumping
seems to originate from the accelerated clearance of food from the
stomach pouch. Furthermore, bypassing the pylorus precludes the
duodenogastric feedback mechanism, which slows gastric emptying
under normal conditions. Evidence for the role of the pylorus in the
development of dumping syndrome was found by Vives et al. who
found significantly higher gastric emptying rates, following LSG with
antral resection versus without.*®

Furthermore, vagal nerve damage seems to be important, since
periprocedural transection of the lesser omentum was associated
with higher symptom scores in a post-bariatric questionnaire on
dumping symptoms.19

Overall, dumping syndrome is least frequent in laparoscopic
adjustable gastric banding, +£5%, followed by both LSG, and RYGB

Key Points

e Dumping syndrome refers to a set of early and late
symptoms, occurring after ingestion of a meal in
patients who underwent upper gastrointestinal surgery.

e Early dumping syndrome are cardiovascular and gastro-
intestinal symptoms, due to exposure of the small bowel
to excessive caloric and osmotically active content. Late
dumping syndrome is hypoglycemia due to overshoot of
early insulin release after the meal.

e Management of dumping syndrome is based on recog-
nition of the condition, confirmatory testing and treat-
ment approaches starting with diet, adding agents that
slow gastric emptying or inhibit insulin release, and in
case of insufficient control, injectable somatostatin

analogues.

with an incidence of approximately 30%.1620 A large single-center,
questionnaire-based study compared LSG with RYGB, using the
modified version of the Sigstad scoring system, and found a signifi-
cantly higher prevalence for dumping in RYGB, 41.4%, when com-
pared to LSG, 26.5%.1 However, it should be noted that response
rates in this study were low and skewed (30.3% in the RYGB group
vs. 22.5% in the LSG group) and that higher prevalences of dumping
syndrome are measured by the Sigstad scoring system, when com-
pared to physiological testing.'®

1.1 | Symptom profile and impact

Two different sets of symptoms and signs have been identified, which
are categorized as early and late dumping, respectively (Table 1 and
Figure 1). Early dumping symptoms typically occur within the first
hour after a meal and include gastrointestinal as well as vasomo-
tor symptoms.’™ Gastrointestinal early dumping symptoms include
abdominal pain, bloating, borborygmi, nausea, and diarrhea, while
vasomotor early dumping symptoms may include fatigue, flushing,
palpitations, perspiration, hypotension, and rarely syncope. Early
dumping, unlike many other gastroduodenal sensorimotor disor-
ders, triggers in the patient a strong desire or need to lie down after
meals.2™*

Late dumping consists of symptoms of reactive hypoglycemia
which is a consequence of a preceding rapid rise in glycemia during
the early dumping phase. The late dumping symptoms comprise per-
spiration, palpitations, tremor, irritability, hunger, fatigue, weakness,
confusion, and may lead to hypoglycemic syncope.r™ Its occurrence
after bariatric surgery has been recognized in the term “postbar-
jatric hypoglycemia” (PBH),?* but this fails to reflect the invariably
present early dumping as a preceding and initiating factor, and also
fails to recognize that (early and) late dumping symptoms also occur
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as a consequence of several other types of upper gastrointestinal
surgery.é's"zs'26

With symptoms occurring on a daily basis, triggered by every
meal, dumping syndrome has a major negative impact on qual-

ity of life, and this is confirmed in many studies.?27%8 A specific

TABLE 1 Early and late dumping symptoms (in order of
prevalence).
Early dumping syndrome symptoms
e Abdominal pain
e Bloating
e Dizziness
e Diarrhea
e Sweating
e Palpitations
e Nausea
e Flushing
Late dumping syndrome symptoms
e Drowsiness
e Hunger
e Sweating
e Tremor
e Palpitations

o |rritability

e Unconsciousness
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post-gastrectomy quality of life instrument was developed, which
documented significantly impaired quality of life after gastrec-
tomy.?? Furthermore, a large proportion of patients with dumping
syndrome are unable to work because of the symptoms and are on
prolonged or permanent sick leave or unemployment.21'27'29

A matter of debate is the extent to which dumping symptoms
after bariatric surgery contribute to the weight loss that these inter-
ventions aim for. While it is well established that dumping syndrome
after various types of surgery may lead to weight loss,**"1%%* the
presence of dumping syndrome is not a determinant of the amount
of weight loss after RYGB surgery.*!

2 | PATHOPHYSIOLOGY

A number of mechanisms have been implicated in the generation
of symptoms and signs in dumping syndrome.z""30 The main factor
underlying early dumping symptoms is the rapid delivery of nutri-
ents and osmotically active substances into the small bowel, where
they overwhelm the physiological absorptive capacity (Figure 2).
This is mainly present after surgeries involving (partial) gastrectomy
or gastro-intestinal anastomosis, as mentioned earlier. The presence
of hyperosmolar small bowel content shifts fluid from the vascular
compartment to the intestinal lumen, resulting in a reduced circu-
lating plasma volume, tachycardia, hypotension, and rarely syncope.
This is shown as an early rise in hematocrit in dumping provoca-

tive tests (see below).2+21-2330 However, when intravenous fluid

Early dumping:

* Vasomotor symptoms
* Gl symptoms

* Hyperglycemia

Late dumping:
* Hypoglycemia

FIGURE 1 Percentage of patients experiencing symptoms in the early and late dumping phase (n=56). Unpublished data from baseline
symptom scores in interventional trials with long-acting somatostatin analogues and pasireotide.?*23 AP, abdominal pain; B, bloating; DZ,
dizziness; DR, diarrhea; N, nausea; FL, flushing; SW, sweating; P, palpitations; SL, sleepiness; H, hunger; TR, tremor; AG, agitation.
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Agents that increase meal viscosity

Agents that slow gastric emptying rate
(incl GLP-1 analogues)

Somatostatin analogues, pasireotide

sesssmsnsssnnnnsnsg GLP-1 receptor

Early dumping | | Late dumping |
Somatostatin ™| Acarbose
analogues,

™ Diazoxide

<= Dpasireotide
h P

Somatostatin

antagonist ™ analogues,
: asireotide
Early dumping: Late dumping: . P
« Vasomotor symptoms » Hypoglycemia (<50mg/dL or <2.8 | SGLT2 inhibitor
* Glsymptoms. .....:’lIIIIIIIIIIIIIIIIIIIIIIII: Glucagon
* Hyperglycemia ¢ ====m=numnm=s=s = analogue

Amylin analogue

FIGURE 2 Summary of the pathophysiological mechanisms and treatment targets in dumping syndrome.

is administered to compensate for the volume shift, early dumping
symptoms persist,®! indicating involvement of other factors. For
example, accumulation of fluid in the small bowel may induce dis-
tention leading to symptoms such as cramping, pain and bloating.
Indeed, dilated small bowel loops are often observed during barium
radiography in patients with dumping syndrome, and duodenal
balloon distention is able to induce upper abdominal symptoms in
healthy volunteers, similar to patients with dumping syndrome.3?-34

However, the most important mechanism underlying early
dumping symptoms is enhanced release of several gastrointestinal
hormones including vasoactive agents (e.g., neurotensin and vaso-
active intestinal peptide), incretins (e.g., glucagon-like peptide [GLP]-
1), peptide YY, glucose-dependent insulinotropic polypeptide and
glucose modulators (e.g., insulin and glucagon).2>%° The release of
these peptides and signaling molecules may underlie gastrointes-
tinal as well as cardiovascular symptoms. A systematic analysis of
the literature identifies GLP-1 as the gut peptide with the most con-
sistently elevated postprandial levels in post-bariatric hypoglyce-
mia.®>%¢ However, the level of insulin secretion is also an important
contributing factor and besides GLP-1, PYY has also been implicated
in the early dumping pha'se.37 PYY is known to delay gastric empty-
ing and mouth to cecum transit time, and inhibit gastric acid secre-
tion.%8 Several studies have shown increased levels of postprandial
PYY after bariatric surgery, which may involve both the proximal
and distal small bowel, and PYY has been suggested to contribute
to inhibition of upper gastrointestinal propulsive motility, pancreatic
endocrine and exocrine secretion and satiety-related signaling in the

brain in patients with dumping syndrome.39

In addition to loss of resistance to passage of nutrients to the small
bowel, the aforementioned gastric volume capacity is another import-
ant determinant of dumping syndrome symptoms. This is illustrated
both by the occurrence of dumping after sleeve gastrectomy and also
after a Nissen fundoplication in children and adults.”~ 121330

Early dumping symptoms driven by osmotic and peptide hor-
mone release are already present 30 min after meal ingestion.?™ #2130
Late dumping symptoms are caused by a hyperinsulinemic response
leading to hypoglycemia (Figure 2). Rapid delivery of carbohydrates
to the small intestine during the early dumping phase generates el-
evated glucose concentrations which trigger a hyper-insulinemic re-
sponse, and subsequent hypoglycemia.?~#22:23:25:26.30.35-3740 \njjthin
this pathophysiological mechanism, early dumping and insulin sensi-
tivity are the prerequisites for late dumping—i.e. hypoglycemia—to
occur. Indeed, clinical signs of hypoglycemia often occur or are rec-
ognized only several months after bariatric surgery, perhaps because
of the need for insulin sensitivity to recover as weight loss occurs.?®
However this has never been investigated in a prospective trial.
Analyses of early and late dumping symptom occurrence support the
view that both are linked, and that the early dumping phase is the de-
termining factor, presumably leading to occurrence of late dumping

in those who are sensitive to hypoglycemic factors.?>2¢

3 | DIAGNOSIS

Diagnosing dumping syndrome is based on clinical awareness and
recognition of the symptoms in an appropriate clinical context,

85UB01 7 SUOWILLOD BAIeaID 3|qedljdde au Aq pauienob are s VO ‘8SN JO Se|nJ 0} ArIgIT8UIUO AB]IM UO (SUORIPUOD-PUe-SWB)LI0D A8 I AReIq1 U1 |UO//:SdNU) SUORIPUOD PUe SWLB | 8U} 885 *[5202/€0/0T] o A%iqiauluo A8|iM ‘seded Aq 96T OWU/TTTT OT/I0p/W00"A3| M Afeiq 1 Buljuo//SANY WO} Papeo|umMoq ‘Z ‘S0z ‘Z86259ET



TACK ET AL.

exclusion of confounding factors (e.g., mechanical obstruction) and
confirmatory testing, as needed.?"*3° Clinical suspicion should be
raised by a suggestive symptom pattern in a patient with a history of
upper gastrointestinal surgery for bariatric (including sleeve gastrec-
tomy, RYGB), oncological (including esophagectomy, (partial) gas-
trectomy) or other reasons. Both meal-induced gastrointestinal and
cardiovascular symptoms, as well as symptoms suggestive of hypo-
glycemia, may occur. Profound fatigue after meal ingestion, with the
need to lie down, is an important clinical clue suggestive of dumping
syndrome, and is absent in patients with meal-related symptoms due
to functional dyspepsia or gastroparesis. An overview of the diag-
nostic sequence can be found in Figure 3.
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In the 1970s, a symptom-based diagnostic index was proposed
by Sigstad, mainly based on observations in patients who had un-

dergone vagotomy®#!

(Table 2). The diagnostic performance of
this score in current-day dumping syndrome patients has not been
established. A recent study in 271 patients post-barriatric surgery
provided evidence of the contrary, as there was no correlation be-
tween Sigstad diagnostic index score and late dumping symptoms.*?
Mechanical obstruction in the postoperative setting needs to be ex-
cluded by appropriate imaging investigations.

Measurement of spontaneous hypoglycemia at a time of symp-
toms can confirm suspected hypoglycemia, although the threshold

low value of glycemia which can be considered abnormal has not been

DIAGNOSIS

Patients who have undergone gastric or esophageal surgery

!

!

Dietary modification:
+ Reduce amount of food consumed at each meal
+ Eliminate rapidly absorbable carbohydrates from diet

Early Dumping Symptoms Late Dumping Symptoms
Any of the following symptoms occurring within 1 hour after meals: Any of the following symptoms occurring 1-3 hours after meals:
+ Abdominal pain . Fatigue . Perspiration * Autonomic _/ af;lrenerglc symptoms Neuroglyct_)penlc symptoms
. 7 . N Palpitations « Fatigue
+ Bloating + Desire to lie down + Tachycardia
. Borb . . Flushi . Hypotensi « Tremor « Weakness
orborygmi ushing ypotension Perspiration + Confusion
+ Nausea + Palpitations + Syncope PR
. Diarrh Agression, irritability + Hunger
iarrhea . Syncope
Consider confirmatory te
Sporadic gly i of < 50 mg/dL i.e. 2.8 mmol/L, or
Confirm dumping sy is with a pr modified oral glucose tolerance test or liquid mixed meal tolerance test:
Early dumping:
« Early (30 minutes) relative increase in hematocrit >10%
« Increase in pulse rate >10 bpm after 30 minutes (considered most sensitive predictor)
Late dumping
+ Hypoglycemia (plasma glucose <50 mg/dL or <2.8 mmol/L)
]

« Delay fluid intake delayed until at least 30 minutes after meals
« Lie down for 30 minutes after meals to help delay gastric emptying

Dietary supplements:
« Pectin or

+ Guar gum or

* Glucomannan

Acarbose:
« In case of documented or known hypoglycemia

« Titrate to the maximum tolerable dose: 50, 100 or 200 mg t.i.d.

Somatostatin analogues:
« Octreotide, lanreotide (short- or long-acting formulation)

« In case of insufficient disease control, titrate to maximum tolerable dose

Refractory Dumping syndrome

Refractory late dumping
+ Repeated dietary consultation is advised to identify dietary errors
Consider trial of
« Diazoxide
Calcium antagonist (e.g. nifedipine, verapamil)
In case the pylorus is still present: GLP-1 agonist or an other type of gastric
emptying slowing agent (e.g. buspirone, clonidine)
« SGLT2-inhibitor (e.g., empagliflozin, canagliflozin)
« Under evaluation in clinical trials
+ GLP-1 antagonist
S.c. administration of dasiglucagon
« Multi-receptor targeting somatostatin analogue (pasireotide)

Rescue therapies
Continuous enteral feeding
« Various types of surgical reinterventions

FIGURE 3 Overview of the management sequence (diagnosis and treatment) in dumping syndrome.
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TABLE 2 Sigstad index for dumping syndrome.

Postprandial symptoms Score?
Shock +5
Fainting, syncope, unconsciousness +4
Desire to lie down +4
Dyspnea +3
Weakness +3
Sleepiness, apathy +3
Palpitations +3
Restlessness +2
Dizziness +2
Headaches +1
Warm, clammy skin or pallor +1
Nausea +1
Abdominal fullness +1
Borborygmi (abdominal rumbling/gurgling) +1
Eructation (belching) -1
Vomiting -4

?A score of >7 is suggestive of dumping syndrome. A score of <4 is
suggestive of an alternate diagnosis.

fully established. An international multidisciplinary Delphi consensus
supported a threshold glycemia of 2.8 mmol/L (50mg/dL) or lower as
abnormal.2° A provocative test can be used to confirm clinical suspi-
cion. The best established test in the literature is based on the oral glu-
cose tolerance test (OGTT), involving the ingestion of 75g glucose in
solution after an overnight fast, with measurement of glycemia, pulse
and hematocrit at 30 minutes interval up to 3h after ingestion.?*+2%30
The test is positive for early dumping in case of an increase in hema-
tocrit >3% or an increase in pulse rate >10 beats/min after 30min,
and positive for late dumping in case of hypoglycemia (<2.8 mmol/L)
after 60-180min post-ingestion. Although highly reproducible,23 the
glucose provocative test has been criticized as it might lack specificity
and lead to over-diagnoses of dumping syndrome.*** It is indeed not
evident to define a certain postprandial hypoglycemia value as cutoff
for late dumping. To increase specificity, the presence of hypoglyce-
mia in association with symptoms, relieved by carbohydrate ingestion,
can be used to indicate late dumping (Whipple's triad).*

Asanalternative,amixed meal provocative testhas beenadvocated,
mainly as a measure to induce late dumping (hypoglycemia).3436:40
Patients ingest a mixed liquid meal containing carbohydrates, fats, and
proteins after an overnight fast, and blood samples are collected at 30-
min intervals for up to 2h. The mixed-meal tolerance test is considered
positive for late dumping in patients who develop hypoglycemia be-
tween 60 and 180min after meal ingestion.

Anecdotal reports suggest that continuous glycemia monitoring
may help to demonstrate hypoglycemia (late dumping), although the
diagnostic accuracy in comparison to that of dumping provocative
tests has not been fully determined.*”*® In addition, although in-
creasingly used in clinical trials, its value as primary outcome param-

eter is yet to be established.*?~!

Although rapid gastric emptying is a key feature in the patho-
physiology of dumping syndrome, gastric emptying testing with
solid and liquid component lacks diagnostic value.>*% After total
gastrectomy, the test has no value and while initial rapid gastric
emptying may suffice to trigger early dumping symptoms, the over-
all value of gastric emptying rate is most often within the normal
range, decreasing its utility in the assessment of presumed dumping

syndrome.

4 | TREATMENT
4.1 | Dietary adjustment

After a suspected or confirmed diagnosis of dumping syndrome,
the first-line treatment is dietary adjustment, which comprises a
reduction in the amount of food ingested at each meal, postpone-
ment of fluid intake until at least 30 min after the meal (aimed at
early dumping, to limit gastric emptying of the first fluid com-
ponent) and elimination of rapidly absorbable carbohydrates
(aimed at late dumping).z""30 While the dietary approach is well
accepted in clinical practice, the literature lacks convincing out-
come data. Although it would seem beneficial, the advantage of
referral to an experienced dietician over physician recommenda-
tions has not been established. It has been estimated that close to
50% of patients have a clinically relevant response to the dietary

interventions.?™*

4.2 | Dietary supplementation with viscosity
enhancing agents

Based on the assumption that increased viscosity of the meal slows
the release of nutrients to the small intestine and may thus improve
dumping syndrome symptom triggering, studies have evaluated
the impact of adding guar gum, pectin and glucomannan to meals
(Table 3). Small studies showed that ingestion of up to 15g of guar
gum or pectin with each meal is able to slow gastric emptying, re-
duce the release of gastrointestinal hormones, improve hypergly-
caemia (and thus subsequent hypoglycemia) and control symptoms
of dumping syndrome.’?%61°63 A single study reported that glu-
comannan improved glucose in children after a variety of gastric sur-
gical procedures.®® In clinical practice, the tolerance and palatability
of these supplements limit their applicability beyond the short term.
In addition, these supplements are not readily available as approved
pharmaceutical products at these high doses and may require spe-
cific pharmacists' preparation.

In patients not responding to dietary intervention and/or sup-
plementation, pharmacotherapy is the recommended next step. A
number of pharmacological interventions have been evaluated, po-
tentially showing higher efficacy as they were mainly studied in non-

responders to diet.>*°
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TABLE 3 Summary of studies evaluating pectin, guar gum and glucomannan in dumping syndrome.

Pectin 14.5g, single administration

Pectin 14.5g, single administration

Pectin 15g, single administration

Pectin 15g, single administration

Guar gum 5g with meals
Guar gum 5g with meals

Guar gum 5g with a glucose

Glucomannan 1.3 g, single
administration prior to OGTT

Study n Treatment
Jenkins et al.>? 9

prior to OGTT
Jenkins et al.>?~>* 11

prior to OGTT
Leeds et al.>® 11

prior to OGTT
Lawaetz et al.> 4

prior to OGTT
Harju et al.” 11
Harju et al.*® 11
Harju et al.”’ 11

challenge meal
Kneepkens et al.¢° 8
Andersen et al.>* 5

Snook et al.®*

9 healthy volunteers

Pectin 5g, single administration
prior to muffin meal

Duodenal instillation of 150 mL
glucose with 5g guar gum

Result

Improved symptoms and glycaemia levels
(normalized in 46%) during OGTT

Improved postprandial levels of glucose, insulin
and enteroglucagon. Reduced hypoglycaemia

Improved vasomotor symptoms and glycaemia
levels, lower insulin levels and slower gastric
emptying during OGTT

Reduced vasomotor symptoms, lower levels
of insulin, glucagon, neurotensin and GIP and
slower initial gastric emptying during OGTT

Improvement of symptoms
Slowing of gastric emptying

Improvement of symptoms and hyperglycaemia
after a glucose challenge meal

Improvement of glucose tolerance, no effect
on glucose absorption; however, no consistent
effect on symptoms was seen

No effect on symptoms or gastric emptying
rate

Failure to modify experimental dumping
through intraduodenal instillation of a

hypertonic glucose meal

Abbreviations: OGTT, oral glucose modified tolerance test; GIP, Gastric Inhibitory Peptide.

4.3 | Acarbose

Acarbose is a luminally acting alpha-glycosidase inhibitor that slows
the release of monoglycerides from nutritional carbohydrates. The
available studies show that acarbose at 50-100mg t.i.d. doses is able
to improve glucose tolerance, reduces gastrointestinal hormone re-
lease and reduces the incidence of hypoglycaemia (namely, the man-
ifestation of late dumping syndrome)®>%¢0¢3-73 (Taple 4). Efficacy
on early dumping is not expected and has not been documented in
the available studies. The main side effects associated with acarbose
use are flatulence, bloating and diarrhea, due to colonic fermenta-

tion of non-absorbed carbohydrates.

4.4 | Diazoxide

Diazoxide is a potassium channel activator that inhibits calcium-
induced insulin release at doses of 100-150mgt.i.d. Its potential to
improve the hypoglycaemia of late dumping syndromeis supported
by a few case reports and a retrospective case series in the litera-
ture.”*7¢ One small prospective series, published as abstract only,
showed improvement of late hypoglycemia but none of the other
parameters in dumping syndrome.”” Hence, the use of diazoxide
should probably only be considered in case of refractory late dump-

ing (hypoglycemia).

4.5 | Somatostatin analogues

Activation of somatostatin receptors has multiple effects of po-
tential benefit in dumping syndrome: slowing of gastric emptying,
slowing of small bowel transit, inhibition of the release of gastroin-
testinal hormones, and inhibition of insulin secretion and inhibition
of postprandial vasodilation. Taken together, this is a mechanistic
profile that allows to improve both early and late dumping symp-
toms (Figure 2).

Short-acting somatostatin analogues, administered subcutane-
ously three times daily, have shown efficacy in improving symptoms
of dumping syndrome, both for early and for late dumping symptoms
(Table 5). The doses used, octreotide mostly 50-100 g s.c., are sub-
stantially lower than the ones used in other indications for soma-
tostatin analogues.?:3078-858889 At present, this is likely the most
effective approach to manage dumping symptoms, but the need for
daily repeated injections limits the long-term patient adherence to
this treatment,2-30:86:90 Moreover, somatostatin analogues are ex-
pensive treatments, the cost of which can be to some extent offset
by using multi-draw vials in countries where they are available.

Long-acting formulations, both octreotide L.A.R. and lanreotide,
administered at 4-week intervals, respectively, intramuscularly or
subcutaneously, have been evaluated in dumping syndrome patients
(Table 5). Both early and late dumping syndrome symptoms improve

with these preparations, and they are preferred by patients, most
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TABLE 4 Summary of studies evaluating acarbose in dumping syndrome.

Result

Improved symptoms and hyperglycaemia and
hypoglycaemia during OGTT, reduced rise in plasma
levels of GIP and insulin, no change in gastric emptying
rate

Acarbose and acarbose plus pectin inhibited
postprandial hyperglycaemia and hypoglycaemia,
acarbose plus pectin inhibited hyperinsulinemia,
acarbose, pectin and combination therapy reduced
hypoglycaemic symptoms

Improved hyperglycaemia and hypoglycaemia during
OGTT, reduced rise in plasma levels of insulin, inhibition
of glucose-induced glucagon suppression

Significant attenuation of hyperglycaemia, reduced rise
in plasma levels of GIP, enteroglucagon and insulin, no
influence on plasma levels of VIP and somatostatin, no
significant effect on symptoms

Attenuation of glucose fluctuations and improvement
of dumping syndrome symptoms (uncontrolled)

Reduced early hyperglycaemic and hyperinsulinemic
response, reduced reactive hypoglycaemia

Improved postprandial hypoglycaemia
Stabilized postprandial levels of glucose

Avoided postprandial hypoglycaemia, reduced
hyperinsulinaemic response, reduced GLP1 secretion

Eliminated dumping syndrome symptoms and improved

Study n Treatment

McLoughlin et al.¢” 10 Acarbose 100 mg single administration prior to
OGTT

Speth et al.®® 9 Acarbose 50-100mg, pectin 4.2g, acarbose
50mg plus pectin 4.2 g, placebo, after standard
breakfast

Gerard et al.®* 24 Acarbose 100 mg single administration prior to
OGTT

Lyons et al.%® 13 Acarbose 50 mg single administration prior to
standard breakfast

Hasegawa et al.®® 6 Acarbose 50-100mgt.i.d. before meals for a
month

Ozgen et al.? 21 Acarbose 150mg per day before meals for
2weeks and 300mg per day for the remainder
of the 3-month treatment period

Ngetal.® Acarbose 12.5mg before a meal

De Cunto et al.>* 4 Acarbose 25-100mg before meals

Valderas et al.”® Acarbose 100 mg before a meal

Ritz et al.”® 8 Acarbose 50-100mg, 3 times per day for
6weeks

Cadegiani et al.”? 25 Acarbose 50mg, 4-5 times per day for 6 months

Ghrstrgm et al.”® 11 Cross-over study with acarbose 50mg 1 week,

sitagliptin 100mg 1 week, verapamil 120mg
1week, liraglutide 1.2mg 3 weeks, pasireotide

300pg single dose

CGM profile

Decrease in number of early and late dumping episodes,
complete resolution in 84%, increase in ability to
perform resistive exercise (uncontrolled)

Increased nadir glucose levels and reduced time in
hypoglycaemia, reduced peak glucose levels and time in
hyperglycaemia, reduced insulin and c-peptide levels.

Abbreviations: CGM, continuous glucose monitoring; GIP, gastric inhibitory peptide; GLP1, glucagon-like peptide 1; OGTT, oral glucose modified
tolerance test; t.i.d., three times per day;VIP, vasoactive intestinal polypeptide.

likely because of less frequent administration.?%?73%8587 Besides

local reactions at the injection site, the use of somatostatin an-
alogues can be associated with steatorrhea and gastrointestinal
discomfort in the short term, and gallstone formation in the long

term.2"430

4.6 | Treatment sequence and other therapeutic
options

Once a diagnosis of dumping syndrome is established, dietary in-
tervention should always be the first-line approach. If available,
an experienced dietician can be involved and the focus should be
on limiting liquids with meals and avoidance of rapidly-absorbable
carbohydrates. Rescue therapy for hypoglycemic events should be
a rapidly-absorbable glucose source, combined with a slowly- ab-
sorbable carbohydrate source, for example, a fiber-containing bar. In

case of insufficient response to dietary intervention, acarbose can
be added in those with documented late dumping, and guar gum (or
pectin or glucomannan) can be considered for all patients. In case of
persisting impactful symptoms, especially late dumping (hypoglyce-
mia), somatostatin analogues are the most efficacious option. Cost
and side-effect issues should be carefully considered. While the
short-acting formulation provide the best symptom control, long-
acting preparations are easier for patient acceptance, especially for
long-term maintained use. Diazoxide should only be considered in
case of refractory late dumping. An overview of treatment sequence
can be found in Figure 3.

4.7 | Refractory patients

A number of therapeutic approaches to dumping syndrome are
available but relatively poorly studied, are emerging, or still under
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TABLE 5 Summary of studies evaluating somatostatin analogues in dumping syndrome.

Study n
Short-acting somatostatin analogues
Hopman et al.”® 12
Primrose and Johnston”® 10
Tulassay et al.&° 8
Geer et al.®! 10
Richards et al.®? 6
Gray et al.®® 9
Hasler et al.®* 8
Vecht et al.®® 9
Vecht et al.2¢ 20
Arts et al.?? 30

Long-acting somatostatin analogues

Penning et al.?’ 12
Arts et al.?! 30
Wauters et al.®” 24

Treatment

Octreotide 50 pg versus placebo prior
to OGTT

Octreotide 50 versus 100 pg versus
placebo prior to OGTT

Octreotide 50 ug versus placebo prior
to OGTT

Octreotide 100 g versus placebo prior
to a dumping provocative meal

Octreotide 100 pg versus placebo prior
to a dumping provocative meal

Octreotide 100 pg versus placebo prior
to a dumping provocative meal

Octreotide 50 pg versus placebo prior
to OGTT

Octreotide 25pg s.c. prior to OGTT
versus placebo

Long term follow-up with octreotide 25
to 200 g per day for 37 + 9 months

Octreotide 50 pg prior to OGTT

Octreotide L.A.R. 10mg |.M. every
4 weeks for 6 months

Octreotide L.A.R. 20mg .M.

Cross-over study with placebo or
somatuline 90mg .M.

Result

Improved symptoms of dumping syndrome and
suppression of postprandial rise in pulse rate, reduced
peak insulin and higher nadir glycaemia, slowing of
gastrointestinal transit

Reduced symptoms of early dumping syndrome and
abolished symptoms of late dumping syndrome,
suppression of early dumping-associated changes in
hematocrit and pulse rate, inhibition of hypoglycaemia

Suppression of rise in pulse rate and hematocrit,
suppression of rise in plasma levels of VIP, inhibition of
postprandial hypoglycaemia; inhibition of rise in plasma
levels of insulin and GIP

Prevention of development of symptoms of dumping
syndrome and diarrhea, prevention of late hypoglycaemia
and of the rise in plasma levels of glucose, glucagon,
pancreatic polypeptide, neurotensin and insulin, delayed
gastric emptying and intestinal transit

Prevention of symptoms of dumping syndrome, induction
of migrating motor complex phase 3 in the small intestine,
less postprandial intestinal motor activity

Suppression of rise in pulse rate, inhibition of insulin
release, prevention of hypoglycaemia, inhibition of
symptoms of dumping syndrome

Suppression of rise in pulse rate, inhibition of symptoms
of dumping syndrome and diarrhea, no influence on
change in hematocrit, inhibition of insulin release,
prevention of hypoglycaemia, no influence on gastric
emptying rate

Prevention of activation of RAAS and decrease in plasma
ANP as manifestation of hypovolemic state

Initial relief of symptoms, persistent symptom relief
in 80% after 3months, increase of mean body weight,
increase in fecal fat excretion

Suppression of rise in pulse rate and hematocrit,
inhibition of postprandial hypoglycaemia, inhibition of
rise in plasma levels of insulin, improvement of symptoms
of early and late dumping syndrome

As effective as short acting Octreotide in suppressing
symptoms, led to increase in body weight (open label)

Suppression of rise in pulse rate and hematocrit,
inhibition of postprandial hypoglycaemia, inhibition of
rise in plasma levels of insulin, improvement of symptoms
of early and late dumping syndrome and quality of life,
preferred by patients over short-acting formulation

Improvement of symptoms of early but not late dumping
syndrome

Abbreviations: ANP, atrial natriuretic peptide; GIP, gastric inhibitory peptide; .M., intramuscular; OGTT, oral glucose modified tolerance test; RAAS,
Renin-Angiotensin-Aldosteron-System; S.C., subcutaneous; VIP, vasoactive intestinal polypeptide.

investigation (Table 6). Beneficial effects of calcium antagonists
on hyper-insulinemic hypoglycemia have been reported, possibly
through a direct inhibitory effect on the pancreatic p-cell glucose-
induced insulin release.”®'2 |n a Spanish case series, partial control

of PBH with the use of calcium channel blockers (nifedipine, vera-
pamil) was obtained in a subset of patients.w’ Calcium channel block-
ers may also contribute to symptom control through their ability to
slow gastric emptying and decrease small bowel propulsive motility.
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TABLE 6 Summary of studies evaluating experimental agents in dumping syndrome.

Study

Pasireotide

Deloose et al.??

Tack et al.®

GBhrstrgm et al.”®

Exendin 9-39

Craig et al.”!

Craig et al.”?

Craig et al.”®

Glucagon

Laguna Sanz et al.”*

Mulla et al.?”®

Nielsen et al.?

Nielsen et al.”’

SGLT2 inhibitors
Hepprich et al.”®

Ciudin et al.”?

Ferreira et al.*’

Amylin analogue

Sheehan et al.’?®

GLP-1 analogues
Abrahamsson et al .1

@Bhrstrgm et al.”®

n

43

11

18

12

10

24

12

21

22

20

11

Treatment

Cross-over placebo or pasireotide 300 g for 2 weeks

3month dose-escalation study with pasireotide 50 to
200pg s.c. followed by extension with monthly long
acting 10 or 20mg injections

Cross-over study with acarbose 50mg 1 week,
sitagliptin 100mg 1 week, verapamil 120mg 1 week,
liraglutide 1.2 mg 3 weeks, pasireotide 300 ugsingle
dose

Cross-over placebo or Exendin 9-39 during OGTT on
2 separate days

Ascending dose study with Ex-9s.c. during OGTT

Placebo-controlled crossover study with avexitide
30mg b.i.d or 60mg o.d. versus placebo, each
treatment given for 14 days in random order

Administration of 300 ug glucagon depending on
CGM and hypoglycaemia prediction algorithm

Placebo-controlled cross-over trial using a closed-
loop glucose-responsive automated glucagon
delivery system and CGM

Placebo-controlled cross-over using dasiglucagon
80pg, 200 ug or placebo

Placebo-controlled s.c. dasiglucagon 120 ug for
4 weeks

Placebo-controlled cross-over using empaglifozin
and anakinra versus placebo

Canaglifozin 300 mg daily for 2 weeks

Placebo-controlled cross-over using empaglifozin
25mg for 20days

Open label trial with Pramlintide 8 weeks

Open label liraglutide

Cross-over study with acarbose 50mg 1 week,
sitagliptin 100mg 1 week, verapamil 120 mg 1 week,
liraglutide 1.2mg 3 weeks, pasireotide 300 ug single
dose

Result

Inhibition of postprandial hypoglycaemia, slowed
gastric emptying rate

Improvement of symptoms of late and early
dumping syndrome and signs on the OGTT

Increased nadir glucose levels and reduced

time in hypoglycaemia with pasireotide, during
MMTT, increased peak glucose levels and time in
hyperglycaemia, reduced insulin, c-peptide, GLP-1
levels

Decreased time to peak glucose and rate of
glucose decline during OGTT, normalizing
postprandial nadir glucose, preventing
hypoglycaemia, decreased insulin AUC and
secretion rate, reduced symptoms.

All doses effectively prevented hyperinsulinaemic
hypoglycaemia and reduced symptoms.

Increased glucose nadir and decreased insulin
peak after MMTT, reduction in hypoglycaemia.

Improvement in glucose time above
hypoglycaemia threshold

Inhibition of postprandial hypoglycaemia after
MMTT, higher nadir plasma glucose, no rebound
hyperglycaemia after glucagon delivery

Raised nadir plasma glucose and reduced time in
hypoglycaemia
Reduced time of hypoglycaemia using CGM

Reduced postprandial insulin release and
hypoglycaemia after MMTT with empaglifozin and
anakinra

Reduction in plasma glucose levels and insulinemia
after OGTT, reduction in hypoglycemia

Increased glucose excursion during MMTT,
reduced hyperglycaemia on CGM but no reduction
in hypoglycaemia

No difference in glucose, glucagon or insuline after
MMTT, no change in symptoms

Elimination of symptoms

No effect on hypoglycaemia after MMTT,
decreased hyperglycaemia and glycaemic
variability during continuous glucose monitoring

Abbreviations: b.i.d., twice per day; CGM, continuous glucose monitoring; I.M., intramuscular; MMTT, mixed meal tolerance test; o.d., once per day;
OGTT, oral glucose modified tolerance test; S.C., subcutaneous.
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Especially patients in whom dumping occurs after esophageal sur-
gery and thus who still have an intact distal stomach including py-
loric functions, seem to benefit from a slowing in gastric emptying.

Clonidine, an alpha-2 adrenergic agonist with antihypertensive
properties, and buspirone, a 5-HT, , agonist indicated for the treat-
ment of anxiety disorders, are able to significantly delay gastric emp-
tying rate and might be considered in refractory dumping syndrome
patients with an intact distal stomach, although data in dumping
syndrome are Iat:king‘m?"104

In spite of the variety of treatment approaches and mechanisms
outlined above, a considerable subgroup of patients with dumping
syndrome fails to respond to the treatment. In these patients, surgi-
cal re-intervention or continuous enteral feeding are treatment op-
tions that can be considered.

Most of the reports on surgical reintervention for dumping syn-
drome symptoms in the literature are case reports or limited size
case series. Applied surgical techniques include gastric bypass re-
versal, gastric pouch restriction, and anti-peristaltic interposition
of a jejunal loop.1®112 |n the past, hypoglycemia after gastric sur-
gery was attributed to pancreatic nesidioblastosis, for which par-
tial pancreatic resection was proposed.74’113'117 Although partial
pancreatectomy was used initially to reduce islet mass, recurrence
of hypoglycemia was observed.!'® The concept of nesidioblastosis
has now been largely abandoned.?"*3%¥ Complications of surgical
re-intervention for dumping syndrome include persisting symptoms,
diabetes and weight gain.

Given the small case series in the literature, presumably includ-
ing highly selected patients, and a lack of systematic follow-up with
dumping provocative testing, the evidence for efficacy of surgical
reintervention is limited. Hence, conservative approaches should be
maximized before surgery can be considered. Moreover, dumping
syndrome may spontaneously improve over time.2"430

Providing a constant relatively slow supply of nutrients
through an enteral feeding tube or jejunostomy prevents the acti-
vation of the dumping syndrome cascade of events and is able to
control the occurrence of hypoglycemia.?"*% This is an impactful
intervention, however, and the long-term evolution in patients in
whom one needs to resort to this approach has not been reported

in the literature.

5 | THERAPIES UNDER INVESTIGATION
5.1 | Pasireotide

Pasireotide is a multireceptor-targeted somatostatin analogue, ap-
proved for the medical therapy of acromegaly and Cushing's disease.
Pasireotide has a high affinity for 4 of the 5 somatostatin receptor
subtypes, and on this basis has a potential to be more effective
for the treatment of dumping syndrome than the earlier studied
somatostatin analogues. A pilot study showed that pasireotide im-
proves objective markers of both early (increase in pulse rate) and
late dumping syndrome (hypoglycemia), slows gastric emptying and
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inhibits secretion of insulin and glucagon during OGTT.8* A phase
2 dose-escalation study of subcutaneous pasireotide followed by
open label long-acting release pasireotide in dumping syndrome
showed improvement of postprandial hypoglycemia, pulse rate and
hematocrit and inhibition of release of insulin, glucagon, GLP-1, and
GIP, representing early as well as late dumping events.?® These ef-
fects were paralleled by improvement in symptoms and quality of
life. In another study comparing different treatment options for late
dumping, these effects of Pasireotide were confirmed, although also
an increased time in hyperglycaemia was noted.”® Pasireotide, sub-
cutaneous as well as long-acting, was well tolerated. Pasireotide is
currently under evaluation in a controlled multicenter trial for post-
bariatric hypoglycemia (ClinicalTrials.gov ID NCT05928390).

5.2 | GLP-1receptor antagonists

In a double-blind cross-over trial, intravenous administration of the
GLP1 receptor antagonist exendin 9-39 amide was able to decrease
insulin secretion, improve hypoglycemia and neuroglycopenic symp-
toms during OGTT in 8 patients with post-bariatric hypoglycemia
(PBH).”* No effects on early dumping were evaluated. In a follow-up
study, subcutaneously administered exendin 9-39 was also able to
prevent hyper-insulinaemic hypoglycaemia and improved associated
symptoms during an OGTT?

In a 2-week multi-center phase 2 placebo-controlled trial in 18
women with PBH, b.i.d. subcutaneous exendin 9-39 (avexitide) 30
or 60mg improved nadir glycemia during a mixed meal test and im-
proved the occurrence of hypoglycemic events.”® None of the stud-
ies with exendin 9-39 evaluated the early dumping component in
these patients, although there is a potential for efficacy on these

symptoms.

5.3 | GLP-1 receptor agonists

Paradoxically, given the implication of GLP-1 release in the patho-
genesis of dumping syndrome symptoms, beneficial effects of the
GLP-1 receptor agonist liraglutide have been reported in patients
with dumping syndrome.73'101'120 In a preliminary report, 12 patients
with dumping syndrome underwent oral glucose tolerance testing
before and during treatment with liraglutide, showing improvement
only in those who had a preserved antro-pyloric region, suggesting
that the effect may at least in part be attributable to a slowing of

gastric emptying.121

5.4 | Glucagon (analogues)

Glucagon, the endogenous pancreatic hormone that prevents hypogly-
cemia, has a short plasma half-life and its stability in solutions is prob-
lematic. Biotechnological advances have allowed the creation of stable
glucagon solutions or derivatives. In a controlled cross-over study with
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12 PBH patients, a glucose-responsive automated glucagon intrave-
nous delivery system was able to reduce hypoglycemia and increase
nadir glycemia in a mixed meal challenge test.?*%> A pilot controlled
cross-over study in 10 PBH patients demonstrated the ability of s.c.
administered dasiglucagon to prevent hypoglycemia and increase
nadir glycemia after a mixed meal test.?® In a follow-up randomized,
double-blind, placebo-controlled, crossover study of 2weeks in 24
PBH patients, s.c. administration of dasiglucagon in combination with
continuous glucose monitoring significantly decreased the occurrence
of hypoglycemia.97 It is likely that glucagon will not address the early
dumping component, but this was not evaluated in these studies.

5.5 | SGLT2 inhibitors

In a pilot study, glucose-induced secretion of IL-1beta was implicated in
the pathogenesis of postprandial hypoglycemia after gastric bypass sur-
gery.98 A placebo-controlled, randomized, double-blind, crossover study
with the IL-1 receptor antagonist anakinra and the SGLT2-inhibitor
empagliflozin in 12 patients showed that both agents were able to re-
duce postprandial insulin release and prevent postprandial hypoglyce-

.78 However, in a

mia and related symptoms during a mixed meal tes
follow-up controlled cross-over treatment trial of 20days empagliflozin
25mg daily or placebo, evaluated by continuous glucose monitoring, the
SGLT2 inhibitor decreased hyperglycemia time but did not affect hy-
poglycemic events and their duration, and the associated symptoms.*?
In another pilot study, empaglifozin 300 mg daily was given for 2 weeks
to 22 patients and 5 healthy controls. OGTT with 100g glucose was
done at baseline and after the treatment, with a significant reduction
of plasma glucose levels and insulinemia 30 and 60 min after the meal,
and a significant reduction in the rate of hypoglycemia 180min after
the meal. The effect on symptoms was not assessed in this study.”
Currently, a randomized clinical trial is running, comparing canagliflozin

with acarbose and placebo regarding their effect on glycemia.122

5.6 | Amylin analogue

Amylin is a peptide, released from the pancreas, which reduces the
magnitude of postprandial glycemic rise and slows gastric emptying.
In an 8-week open label study with pramlintide, a stable analogue of
amylin, in 20 PBH patients, no significant effect was observed on gly-
cemic profiles, insulin, and glucagon during the mixed meal test, on

symptoms and hypoglycemia on continuous glucose monitoring.*°°

6 | CONCLUSIONS

Dumping syndrome was a well-known complication from the era of
peptic ulcer surgery, but is now common after surgery for gastric
or esophageal malignant disease, after anti-reflux fundoplication
and especially after bariatric surgical interventions. Two differ-
ent sets of symptoms and signs comprise the syndrome, which are

categorized as early and late dumping, respectively. Early dumping
is a mixed gastrointestinal and cardiovascular symptom response to
over-exposure of the small bowel to nutrients and osmotically active
contents, mediated by peptide hormone release and cardiovascular
reflex responses. Late dumping is characterized by hypoglycemia,
mediated by exaggerated insulin release, triggered by small intesti-
nal glucose overload in the early dumping phase.

Over the last few years, some researchers and pharmaceutical in-
dustry have focused in the latter group on “postbariatric hypoglyce-
mia,” but based on current pathophysiological concepts and analyses
of provocative tests, this is merely the late component of dumping syn-
drome. Diagnosis relies on clinical alertness in patients with appropriate
antecedents and confirmation by dumping provocative testing (OGTT
or mixed meal test), or registration of spontaneous hypoglycemia. Initial
treatment focuses on dietary intervention. In a next step, dietary sup-
plementation with viscosity enhancing agents and/or acarbose can be
considered. The most effective therapy, but expensive, injected and not
devoid of relevant side effects, is the use of short- or long-acting soma-
tostatin analogues. The former are most effective, but patients prefer
the latter. For refractory hypoglycemia, diazoxide or SGLT2 inhibitors
can be considered, although the evidence for their efficacy is very lim-
ited. Rescue therapies comprise continuous enteral feeding or various
types of surgical reinterventions, both of which are poorly studied.

Therapies under evaluation include the broad-spectrum soma-
tostatin analogue pasireotide, GLP-1 receptor antagonists, SGLT2
inhibitors and administration of stable forms of glucagon. The latter

two approaches mainly target late dumping symptoms.
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