& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Eiichiro Nagata,
Tokai University Isehara Hospital, Japan

REVIEWED BY
Kamal Shouman,

Mayo Clinic, United States
Eric Toshiyuki Nakamura,
University of Sdo Paulo, Brazil

*CORRESPONDENCE
William Wu
Williamwenhao.wu@health.nsw.gov.au

RECEIVED 31 January 2024
ACCEPTED 19 August 2024
PUBLISHED 29 August 2024

CITATION

Wu W and Ho V (2024) An overview of Ehlers
Danlos syndrome and the link between
postural orthostatic tachycardia syndrome
and gastrointestinal symptoms with a focus
on gastroparesis.

Front. Neurol. 15:1379646.

doi: 10.3389/fneur.2024.1379646

COPYRIGHT

© 2024 Wu and Ho. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License

(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Neurology

Frontiers in Neurology

TYPE Review
PUBLISHED 29 August 2024
pol 10.3389/fneur.2024.1379646

An overview of Ehlers Danlos
syndrome and the link between
postural orthostatic tachycardia
syndrome and gastrointestinal
symptoms with a focus on
gastroparesis
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There has been an increasingly reported association between Ehlers-Danlos
syndrome (EDS), postural orthostatic tachycardia syndrome (POTS) and
gastrointestinal disorders. EDS is a hereditary connective tissue disorder which
may manifest as a spectrum of symptoms stemming from collagen defects. The
prevalence of EDS is estimated to affect 1in 5000 individuals which underscores
its clinical significance. Notably the hypermobile form (hEDS) accounts for the
majority of cases. POTS is characterized by orthostatic intolerance with an
increase in heart rate on standing in the absence of hypotension. This condition
predominantly affects women between 15 and 45 years of age. Gastrointestinal
symptoms in the form of reflux, bloating and abdominal pain significant impact
this population. Gastroparesis is a chronic disorder involving symptoms of
delayed gastric emptying and may be closely associated with hEDS and POTS,
and may be underreported. Autonomic dysfunction associated with hEDS has
been proposed as the likely mechanism underlying POTS and gastrointestinal
dysfunction though a clear pathophysiological process has not been established.
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1 Introduction

Ehlers-Danlos syndrome (EDS) constitutes a collection of hereditary and heterogenous
connective tissue disorders impacting the skin, ligaments, joints, blood vessels and internal
organs (1). The prevalence of EDS is estimated at approximately 1 in 5000 individuals (2). The
primary issue arises from defects in collagen which is the principal structural component of
connective tissues. Clinical manifestations of EDS encompass a spectrum of features, ranging
from skin fragility, hyperextensible skin, joint hypermobility, excessive bruising, and atypical
scarring to severe vascular complications (1). There at 13 subtypes of EDS of which the
hypermobile form (hEDS) is most prevalent accounting for 80-90% of cases of EDS with
several subtypes exhibiting significant symptom overlap (3). The dysregulation of connective
tissue in patients with EDS may impact the cardiovascular, gastrointestinal, immune, and
autonomic systems affecting structure and function (4-6). A significant proportion of patients
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with EDS experience troubling gastrointestinal symptoms with up to
98% fulfilling Rome IV criteria for a functional gastrointestinal
disorder (7). Gastroparesis in EDS is less well defined within the
spectrum of associated gastrointestinal symptoms.

Postural orthostatic tachycardia syndrome (POTS) is a
heterogeneous condition which is characterized by an increase in
heart rate of >/= 30bpm that occurs within 10 min of standing. There
is an absence of orthostatic hypotension that is defined as a decrease
blood
pressure > 10 mmHg (8). It is more common in women compared with

in systolic blood pressure>20mmHg or diastolic
men with a ratio of at least 4.5:1 and a range between15-45 years of age
(8, 9). POTS is characterized by symptoms of light-headedness,
mental fogging, blurred vision, dyspnoea and palpitations (8).
Incumbering gastrointestinal symptoms such as reflux, nausea,
bloating, abdominal pain and altered bowel habits are the most
prominent non-cardiovascular complaints among this population (10).

Gastroparesis is a chronic disorder that is characterized by
symptoms of delayed gastric emptying in the absence of mechanical
obstruction (11). While a diagnosis is often accompanied by
functional investigations such as gastric emptying studies, these tests
are imperfect due to patient variables and a lack of standardized
cut-offs. Additionally, it can be difficult to differentiate gastroparesis
from functional dyspepsia based on clinical features (12). There may
be a higher than previously reported incidence of gastroparesis in
patients with EDS and POTS.

There is an increased prevalence of autonomic dysfunction in
patients with EDS with reportedly up to 40% having some disorder of
orthostatic intolerance such as POTS (8). Conversely up to 18% of
patients with POTS have been found to have EDS (13). Patients with
both conditions appear to also have increased symptom burden (14,
15). The underlying mechanism remains unclear though there are
hypotheses underscoring the pathophysiology based off structural and
functional abnormalities. This review article aims to highlight the
association between EDS, POTS and functional gut disorders with a
focus on gastroparesis. Increased awareness and recognition of
associated symptoms may lead to more timely and accurate diagnoses
which in turn reduces delays in management leading to overall
improved patient care.

2 Overview of EDS
2.1 Genetics of EDS

The hereditable genetic mutations underlying most forms of EDS
have been studied and identified. These alterations to various genes
disrupt collagen production, enzymes responsible for modifying
collagen or proteins influencing collagen fibrillogenesis and
structure. This disruption leads to abnormalities such as fibril
disorganization, altered bundle size or reduced collagen synthesis (3,
16). Mutations in the COL5A1 and COL5A2 genes, which encode
the al and o2 chains of type V collagen, are found in about 50% of
individuals clinically diagnosed with classic EDS. In roughly
one-third of these cases, the condition is due to a mutation that
COL5A1
haploinsufficiency of type V collagen (17). However, a genetic defect

produces a non-functional allele, resulting in
underlying the most common form being hEDS has not been

definitively established and it has been speculated that genes other
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than those involved in encoding collagen and collagen modifying
enzymes are involved (16). The ability to establish a confirmative
molecular diagnosis for hEDS would be ideal given the significant
heterogeneity with other clinical syndromes which lead to delayed or
inaccurate diagnosis.

2.2 Sex discrepancy in the etiology of hEDS

Despite the presumed autosomal dominant inheritance pattern of
hEDS, there is a well-documented female predominance of at least 2:1
and reports of up to 9:1 in some groups (18). There appears to be a
divergence from adolescence as the ratio in early childhood is more
similar (19), which does suggest a strong hormonal influence. In the
general population, ligament laxity has been shown to be influenced
by hormones such as estrogen, progesterone, relaxin, and testosterone,
with the most extensive research conducted in the context of anterior
cruciate ligament (ACL) injuries in women. The risk of ACL injury
and knee ligament laxity tends to be higher during the preovulatory
and ovulatory phases of the menstrual cycle, when estrogen levels
surpass those of progesterone. Hormonal contraceptives have been
suggested to play a potentially protective role in preventing ACL tears.
The observed effects of hormones on ligament laxity, along with
patient-reported symptom fluctuations that align with hormonal
changes, underscore the need for further research to clarify the role of
hormones in hEDS (20). There are likely other contributing factors
which others have explored including; greater muscle mass and
ligamentous stiffness in men and a greater propensity for women to
seek medical attention earlier (21). Further studies looking into
protective mechanisms in men could certainly be of value to treating
patients with hEDS (20).

2.3 Diagnostic criteria for hEDS

The Beighton scoring system for assessing joint hypermobility has
been adopted as a clinical tool for the diagnosis of hEDS. The criteria
is scored out of 9 and tests for hypermobility of joints in the upper and
lower limbs as well as the spine. Apposition of the thumb to the
forearm, hyperextension of the 5th finger beyond 900, hyperextension
of the elbows and knees and forward flexion of the trunk (22). The
Beighton scoring system was initially designed as a screening tool and
its ongoing use as a diagnostic tool remains somewhat controversial.
The main opponents argue that too few joints are tested, patients with
borderline hypermobility of tested joints are underrepresented and it
is unable to account for intrapatient variability (23). As with all scoring
systems appropriate clinical judgment should be implemented by the
clinician to ensure diagnostic accuracy.

2.4 Diagnostic challenges

The diagnosis for patients with EDS and subtypes is difficult due
to the variability in presentations with less than half of patients being
diagnosed before the age of 30 (24). A European survey of patient’s
rare genetic diseases concluded that patients with EDS had the longest
delays in diagnosis often transitioning through multiple specialists
(25). Delays in diagnosis and misdiagnoses are common and
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consequently contributes to a significant burden and impact on
quality of life (26).

2.5 Clinical course of hEDS

The manifestations of hEDS are dynamic and a progression of the
disorder has previously been described. Hyperflexible joints and
recurrent subluxations/dislocations with or without pain are generally
seen in an adolescent population. Musculoskeletal pain may worsen
in the early adult years with lessened hypermobility. This may develop
further into adult hood as chronic fatigue and pain with further
limited hypermobility features (18). This progressive nature of hEDS
is somewhat accounted for in the diagnostic algorithm where a
reduced Beighten score is required for a diagnosis beyond the age of
50 (23). An awareness of this shift in signs is an important nuance for
clinicians to be aware of.

2.6 Manifestations of EDS

EDS is a heterogeneous disorder that may affect multiple organ
systems, however for the purposes of this article, there will be a focus
on the following:

2.6.1 Dysautonomia

Autonomic dysfunction in patients with hEDS may present as
tachycardia, postural hypotension, gut dysmotility, disrupted bladder
function and altered regulation of sweating (20). A subset of patients
with particularly disruptive symptoms may have POTS which has
previously been established as being closely associated with hEDS as
well as generalized joint hypermobility not meeting criteria for hREDS
(27). Peripheral venous dilation with blood pooling and increased
circulating catecholamines provide potential mechanisms underlying
cardiovascular dysautonomia (5), the possible pathophysiologic
processes will be discussed further on.

2.6.2 Gastrointestinal symptoms

Gastrointestinal symptoms of abdominal pain, bloating, nausea,
reflux, vomiting and altering bowel habits are common issues in
patients with EDS (6). The underlying pathophysiology likely relates
to structural and functional issues for which several theories have
been hypothesized (28-30). There is a growing emphasis on
dysautonomia as a contributor to the development and progression of
gastrointestinal issues (31). The diagnostic criteria for hEDS do not
include gastrointestinal symptoms despite the high prevalence in this
population. Clinicians should be well aware of gastrointestinal
symptoms despite this. There is a lack of guidelines specific to
gastrointestinal dysfunction in EDS at present and management is
generally targeted to a specific symptom (20).

2.7 Treatment of hEDS

There is no targeted therapy for patients with hEDS, rather
treatment is aimed at symptoms and complications of the disease
process. The management of pain is the same as what would be utilized
in a general population with a combination of pharmacological and
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non-pharmacological therapies (32). Fatigue is difficult to tackle in
this population and the predominant treatment focuses on lifestyle
modifications. The management of autonomic dysfunction,
predominantly cardiovascular and gastrointestinal disorders will
be discussed further on. Due to the multi-system involvement of this
condition, the management of patients with hEDS should involve a
multidisciplinary team.

3 Overview of POTS
3.1 Clinical features of POTS

Patients with POTS typically present between 15 and 50 years of
age, and as previously mentioned, there is a strong female
predominance (33). The postural symptoms of light-headedness,
mental fogging, blurred vision, dyspnoea and palpitations may
be accompanied by gastrointestinal disturbances, fatigue, sleep
disturbance and migraine (10). Progression in severity of symptoms
have been reported by patients as they age (34). In addition, factors
such as hydration, temperature, humidity, stage of menstrual cycle can
affect symptoms (8).

3.2 Diagnostic criteria for POTS

There is no universally accepted set of criteria for the diagnosis of
POTS, although Olshanksy et al. (35) have suggested the following:

Reproducible orthostatic tachycardia with a rise in heart rate >/=
30bpm for those with
orthostatic intolerance.

>19years of age symptoms  of

1 A clear definition of orthostatic change in position and time in
each position.

2 Orthostatic tachycardia within 3-10 min of standing and/or on
a tilt table test.

3 No evidence of orthostatic hypotension at any time
with standing.

4 A chronic condition present for at least 6 months.

5 No other explainable cause for orthostatic tachycardia
or tachycardia.

6 Symptoms of orthostatic intolerance that include postural chest
pain, exertional dyspnoea, dependent acrocyanosis, dizziness,
light-headedness with associated heart rate abnormalities.

7 Orthostatic symptoms disappear when supine.

8 Extra orthostatic symptoms — chronic fatigue, “brain fog”

9 Other autonomic symptoms - bloating, constipation,
sweating abnormalities.

10 Syncope is not a criterion.
11 Symptoms alone do not make the diagnosis.
12 “Secondary” orthostatic tachycardia is not POTS.

3.3 Diagnostic challenges for POTS

The presence of numerous, severe symptoms causing substantial
disability in the absence of an identifiable cause often prompts
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consideration of a psychogenic origin. This controversy surrounding
the nature of POTS has resulted in diagnostic confusion, leading to
the inappropriate use of testing and treatment strategies (36). Patients
with POTS may experience significant disability and impact on quality
of life with data suggesting 25% of patients file for disability and
greater than 50% have educational interruptions (37). Delays in
diagnosis may further impact upon patient welfare.

On the other hand, an increasing incidence of patients are labeling
themselves with a diagnosis of POTS based on vague symptoms,
probably as a result of the increasing amount of accessible information
and misinformation (38).

The Hearth Rhythm society has published recommendations
regarding the suggested workup of patients suspected to have POTS
(39). Performing a thorough history and examination with orthostatic
vital monitoring and 12-lead ECG has the highest recommended tier
followed by a complete blood count with assessment of thyroid
function. Investigations such as 24-h Holter monitoring, transthoracic
echocardiogram, tilt-table testing and exercise tolerance testing can
be considered in select patients.

3.4 Proposed mechanisms underlying
POTS

The underlying pathology for POTS remains elusive. Several
mechanisms have been proposed as the potential pathophysiology
behind POTS and are often labeled as the sub-types of neuropathic,
hyperadrenergic and hypovolemic POTS (40).

Neuropathic POTS suggests that there is an underlying partial
sympathetic neuropathy with a length dependent distribution where
there is a blunted vasoconstriction in response to stimuli causing
venous congestion, particularly in the lower limbs (41). This theory is
supported by measurements of reduced sympathetic firing in the legs
compared with the arms (42). An increase in heart rate results from
compensatory feedback mechanisms (40).

Hyperadrenergic POTS explores an excess of plasma
norepinephrine release and rise in blood pressure with standing.
Support for this theory comes from a study which demonstrated
elevated plasma norepinephrine levels on standing in 29% of a cohort
of 152 patients (34).

Patients with POTS have been observed in a small study of 29
patients to have reduced plasma and red cell volume compared with
healthy controls. Interestingly these patients also had lower levels of
aldosterone and inappropriately lower levels of plasma renin in the
context of their degree of hypovolemia, suggesting that the exocrine

function of the kidney may be involved (43).

3.5 Outline of management of POTS

There is no specific targeted treatment for an entity, nor is there a
cure for POTS. Treatment is aimed at relieving symptoms associated
with POTS and reducing burden of disease.

Non-pharmacological approaches are generally suggested as a first
line approach, these measures include removing medications
contributing to symptoms if possible, ensuring adequate hydration
and increasing salt intake (40). There are several pharmacological
options for specific symptoms, although none are FDA approved (44).
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4 Overview of gastroparesis
4.1 Normal gastric function

Understanding the complexities of gastric functions and how
dysfunction is manifested through clinical symptoms is important for
precise diagnosis of gastroparesis and effective therapeutic
interventions. Normal stomach function involves dynamic interplay
of physiological process crucial for digestive functions. This intricate
regulatory network involves fundal relaxation, antral grinding,
trituration and propulsion. This is modulated by intrinsic and extrinsic
factors including gut hormones, the gastric pacemaker, and higher
cerebral centers. Meal characteristics, such as composition and
physical nature, exert notable influences on this process. Furthermore,
gastric pump failure can emanate from gastric dysrhythmias, impaired
compliance, and gastric outlet obstruction (45).

The gastric emptying process involves complex interactions within
distinct stomach chambers and the duodenum. The fundus serves to
mediated intragastric pressure and triggers tonic propulsion of chyme
into the distal stomach, and this modulated by enteric and hormonal
influences (46). The proximal stomach also functions to accommodate
meals and provide temporary storage. This accommodation can
support over 1L of contents without an increase to intragastric
pressure. This is facilitated through receptive relaxation and gastric
accommodation reflexes which lead to a drop in proximal gastric tone
in response to swallowing contents (45, 47). Gastric accommodation
is also supported by reflexive relaxation is also a component of gastric
accommodation whereby neurohormones are released in response to
increase in gastric contents (48). This is a vagally mediated response
which provides some explanation for the reduced gastric distensibility
and increased intragastric pressures following a bolus in patients with
a vagotomy (49). Finally, there is the enterogastric reflex by which
exposure of proteins or lipids in the small bowel affects proximal
gastric motor activity, and this feature also appears to be vagally
driven (50).

Activity in the distal stomach is characterized by phasic motor
activity. This can be observed during endoscopy as a peristatic wave
which propagates from the distal body and terminates at the pylorus.
This rhythmic movement is due to phasic depolarisation of intestinal
cells of Cajal termed the gastric slow wave (51). Propagation of the
slow wave into the fundus is inhibited by the relatively more negative
resting membrane potential in the proximal stomach. The slow wave
amplitude may be influenced by neurohormonal triggers which in
turn alter peristaltic activity (45, 52).

An understanding of gastric dynamics establishes a foundation for
grappling the complexities inherent in gastric motility disorders such
as gastroparesis. Poor glycaemic control in patients with diabetes,
post-surgical complications and are well established aetiologies of
gastroparesis. However there remains a larger proportion of patients
with gastroparesis which is deemed idiopathic (53). Gastric
dysmotility is associated with conditions such as EDS and POTS
which occur from disruptions to normal gastric function.

4.2 Pathophysiology

Gastric biopsies from patients with gastroparesis reveal a paucity of
Cajal cells. Furthermore, patients with absence of Cajal cells appear to
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demonstrate increase severity of gastrointestinal symptoms. This
subgroup of patients tend to have significant abnormalities with
electrogastrography and response poorly to gastric electrical stimulation
(54). Gastroparesis may present acutely in some patients following a
viral-like gastroenteritis which raises some speculation regarding a viral
etiology of idiopathic gastroparesis (55). In a similar nature, a viral
trigger has also been speculated in the development of POTS.

4.3 Diagnostic modalities

Gastric emptying scintigraphy remains the current gold standard
for evaluation of gastric dysmotility. Delayed gastric emptying has
been defined as >10% retention in the stomach at 4h while rapid
gastric emptying is defined as >30% at 1h (56). Evaluating solid
emptying through scintigraphy over a 4-h period proves to be a more
sensitive test, featuring defined normal ranges. The proportion
retained at 2 and 4h demonstrates a sensitivity of 90% and a specificity
of 70% in identifying delayed emptying (57). It should be noted that
diagnostic criteria for gastric emptying studies are not standardized
between studies.

4.4 Diagnostic challenges

The diagnosis of functional dyspepsia and gastroparesis is difficult
to differentiate based on clinical features and pathologies, even with
the use of gastric emptying studies due to high inter- and
intraindividual coefficient variation for gastric emptying (12). This
underscores the critical need for accurate diagnosis using optimal
measurement of gastric emptying through scintigraphy and the
application of robust normative data. Strict cutoff criteria, such as
gastric retention exceeding 75% at 2h and over 25% at 4h are
particularly important (58). This is compounded by the lack of
standardized figures between studies as previously mentioned.

Diagnostic testing is predominantly directed by the pattern and
severity of symptoms. While scintigraphy and stable isotope breath
tests can confirm delayed gastric emptying, the presence of retained
food observed during endoscopy has limited predictive value,
particularly unless the patient has a known underlying condition
predisposing them to gastric retention. Barium studies and
scintigraphy utilizing labeled liquid or semi-solid meals are typically
unremarkable and offer limited diagnostic utility, even in cases with
moderately severe symptoms (11).

As established, gastrointestinal symptoms are very common in
patients with EDS with up to 50% having been diagnosed with
functional dyspepsia or IBS. There remains difficulty in establishing a
diagnosis of gastroparesis, as limited studies have been done to
investigate whether a subset of these patients may actually have
gastroparesis or other dysmotility.

4.5 Outline of management of
gastroparesis

4.5.1 Dietary modifications

Dietary modifications are a reasonable initial approach in
managing gastroparesis. The risk of nutritional deficiencies is higher
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in patients with gastroparesis due to the tendency to restrict food
options to a limited number of food or food groups (45). Excess fat
and fiber intake lead to increased gastric emptying times and
reduction in these food groups is recommended. Alterations to meal
content and increased frequency with reduced portions may provide
a risk-free intervention in improving nutrition in these patients (10,
59). The addition of non-solid supplements may help support
nutritional deficits.

Glycaemic control should be optimized to mitigate further
progression of delayed gastric emptying (60). Patients should
be counseled to abstain from alcohol and cigarettes.

The symptoms of gastroparesis may result in reduced oral and
fluid intake or increased gastrointestinal losses. These symptoms may
well result dehydration, malnourishment and electrolyte disturbances
which directly affect the core treatment of POTS.

4.5.2 Prokinetics

Prokinetic medications increase antral contractility, reduce gastric
dysrhythmias and improves coordination between antrum and
duodenum. The effect is able to be measured with improvement in
gastric emptying studies, although this does not correlate consistently
with improvement in symptoms (45, 61). Interestingly, there appears
to be a placebo effect on symptomatic improvement in patients with
non-ulcer related dyspepsia (62).

4.5.3 Antiemetics

Nausea and vomiting stand out as the most incapacitating
symptoms of gastric pump failure. Antiemetics may be employed
independently or along with prokinetics. Although specific
antiemetic regimens for gastroparesis lack robust support from trials,
empirical choices base on clinical experience suggest that a variety of
antiemetics could be beneficial in managing nausea and
vomiting (45).

4.54 Antidepressants

While tricyclic antidepressants generally hinder gastrointestinal
motility due to their cholinergic properties, there is evidence to
support low-doses as a neuromodulator to provide relief with nausea,
vomiting and pain (63). Patients should be made aware of infrequent
side effects including sedation and dry mouth.

Amitriptyline has been demonstrated to improve antroduodenal
motility in patients with POTS and symptomatic gastroparesis though
tangible symptomatic improvement is unclear (64).

4.5.5 Pyloric injection of botulinum toxin

Botulinum toxin A acts by inhibiting acetylcholine release leading
to temporary muscle paralysis as a means to limit pylorospasm. Its
intramuscular injection to the pylorus during endoscopy ideally has
effects lasting for months with gradual restoration of function
requiring repeated injections. The efficacy of botulinum is debatable
with non-consistent data across studies, though a there are clinical
trial data suggesting no benefit over placebo (65, 66).

4.5.6 Enteral nutrition

Enteral feeding should be implemented if patients are unable to
sustain their weight despite conventional interventions. A
nasojejunal tube may be trialed to bypass the stomach and direct
nutrition directly to the small bowel. Provided there is a satisfactory
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response, enteral feeding can also be implemented through a
percutaneous gastrotomy with jejunostomy or a surgical
jejunostomy (67).

4.5.7 Surgery

Gastrectomy has been utilized in cases of severe, refractory
gastroparesis (68). There is obviously a substantial risk with the
intervention, limited data suggest that a highly selected cohort may
benefit from the procedure (69, 70).

A systematic review of gastrointestinal surgeries in patients with
EDS suggests a higher risk of complications such as incisional hernias
and poor wound healing. This is likely due to collagen dysregulation
affecting ligaments, blood vessels and viscera (71).

5 Overlap between EDS, POTS and
gastrointestinal symptoms

5.1 Autonomic dysfunction underscoring

5.1.1 Pots

The presence of systemic autonomic dysfunction in patients with
hEDS are well documented, however an exact pathophysiological
process has not been established. A recurrent association of POTS
which was first described in 1999 (72) in patients with hEDS has lead
to a prevailing theory of dysautonomia as a primary etiology (40). In
particular, cardiovascular dysautonomia and sudomotor dysfunction
which account for symptoms of orthostatic intolerance, light
headedness, palpitations, chest pains, reduced sweat production
and fatigue.

Furthermore, laxity in connective tissue in hEDS patients may
result in increased venous compliance and arterial elasticity leading to
a blood pooling and impaired vasoconstrictive response when
standing (5, 27).

5.1.2 Gastrointestinal symptoms

An increased prevalence of gastrointestinal symptoms in hEDS
was first described in 2004 (73). Due to the close association with
POTS and the overlapping gastrointestinal issues common between
the two conditions, autonomic dysfunction has thus also been
speculated to be a primary culprit (28).

A proposed mechanism for the prevalence of gastrointestinal
symptoms is the lack of response to sympathetic stimulation which
usually provides an inhibitory response to the enteric nervous system
(10). The dysregulation to the sympathetic inhibitory response may
lead to uncoordinated gastrointestinal activity (74).

Worsening gastrointestinal symptoms post-prandially has been
reported in a POTS population (10). One suggested mechanism for
this involves splanchnic vessel capacitance. The splanchnic vascular
compartment receives up to 25% of the resting cardiac output in
healthy individuals (75). The splanchnic circulation has a large
capacitance and thus has a role during postural changes and after
meals. Mesenteric blood volume may increase up to 300% following
a standard meal which is mediated through release of vasoactive gut
hormones (75, 76). Patients with POTS have been demonstrated to
have a greater resting and greater increase in post-prandial mesenteric
blood flow when compared with controls suggesting greater
splanchnic capacitance (77). Impaired systemic sympathetic response
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to oppose this greater capacitance could explain the post-prandial
tolerances of these patients.

Greater fluctuations in gastric electrical activity have been
observed in patients with POTS in pre- and post-prandial states.
Greater variability in electrical activity were seen in patients with
gastrointestinal symptoms (78). Furthermore, significantly more
gastric arrythmias have also been observed in POTS patients
undergoing tilt table testing (79). The gastrointestinal symptoms in
POTS may certainly be explained in some degree by gastric
arrhythmias and is an aspect that has received limited exploration but
holds potential significance.

In patients with severe autonomic failure, there is a lack of
vasoconstrictive response with sympathetic stimulation to the
superior mesenteric artery which may contribute to post-prandial
hypotension (80). The exacerbation in symptoms and haemodynamic
post-prandially in patients with POTS may further be explained by
similar mechanisms given that the underlying pathology may
be related to autonomic dysregulation.

5.2 Morphological gastrointestinal
abnormalities in patients with hEDS

An increased propensity for morphological abnormalities such as
abdominal hernias and rectal prolapse in hypermobility disorders
have been investigated, although a tangible correlation is not apparent
(81, 82). A rationale for these issues would be attributed to structural
changes in collagen supporting the gastrointestinal system. Connective
tissue is strongly represented in various components of the apparatus,
such as peritoneal ligaments, the gut wall and splanchnic vessels.
Symptoms may certainly arise from increased abdominal visceral
mobility due to laxity of peritoneal ligaments (83).

Abnormalities to the connective tissue composition of gastric
mucosa can impact the stomachs functionality by augmenting the
compliance leading to excessive distension (84). Additionally, it can
directly disrupt gut mechno-receptors within the muscularis externa.
Increased permeability of gut mucosa may could also be driven by
defects of the extracellular matrix (85). The cumulative effects of these
phenomenon may extend to influencing pain thresholds and gut
motility driving the gastrointestinal symptoms in patients with hEDS.

Patients with EDS have cutaneous and oral mucosal disruption in
part from capillary fragility. Precise data is not available for whether
this extends throughout the rest of the gastrointestinal tract. Although
diminished resilience in capillaries and small vessels might play a role
in peripheral blood steal thus exacerbating symptoms of nausea and
bloating (84).

5.3 A focus on gastroparesis

While several primary studies have reported on the prevalence of
gastrointestinal symptoms in patients with hEDS and POTS. These
symptoms are also common in patients with gastroparesis, however
there are limited studies which further investigate these symptoms
with gastric motility studies. The largest study included a cohort of 687
patients over a 20-year period where gastric emptying studies were
performed on 76 patients. Abnormal emptying was observed in 17
patients with 9 having delayed emptying (30). A smaller study
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involving 218 hEDS patients found 12 of 26 tested patients had
delayed gastric emptying (24). While the apparent incidence of
delayed emptying is highly variable between the two studies, the
incidence is far higher than the estimated 21.5 per 100,000 in a general
population (86). More data are needed to assess gastric dysmotility in
patients with hEDS.

6 Conclusion

In conclusion, this review provides an overview of hEDS, POTS,
and the gastrointestinal issues commonly associated with both
conditions, particularly gastroparesis. While there is a notable overlap
between these conditions, no definitive pathophysiological mechanism
has been identified to link them, and the underlying mechanisms for
each condition remain uncertain. The etiology of hEDS remains
unclear, with no specific genetic mutation yet established. The
heterogeneous presentation of hEDS, with overlapping signs and
symptoms across different conditions, underscores the need for
further research to establish a molecular diagnosis, which could help
reduce delays in patient management.

Diagnosing POTS is also challenged by the absence of universally
accepted diagnostic criteria, likely contributing to both delayed and
potentially inappropriate diagnoses. There may be an increased
prevalence of gastroparesis in hEDS and POTS populations,
suggesting that future studies could incorporate gastric emptying
assessments to differentiate gastroparesis from other functional
gastrointestinal disorders.

However, it is crucial to acknowledge the limitations inherent in
current study designs, such as the heterogeneity of data sources,
limited longitudinal data, potential publication bias, and the
underrepresentation of diverse populations. These limitations may

References

1. De Paepe A, Malfait F. The Ehlers-Danlos syndrome, a disorder with many faces.
Clin Genet. (2012) 82:1-11. doi: 10.1111/j.1399-0004.2012.01858.x

2. Steinmann B, Royce PM, Superti-Furga A. The Ehlers-Danlos syndrome In: PM
Royce and B Steinmann, editors. Connective tissue and its heritable disorders: molecular,
genetic, and medical aspects. Hoboken, NJ: Wiley (2002). 431-523.

3. Brady AF, Demirdas S, Fournel-Gigleux S, Ghali N, Giunta C, Kapferer-Seebacher
L, et al. The Ehlers-Danlos syndromes, rare types. Am ] Med Genet C Semin Med Genet.
(2017) 175:70-115. doi: 10.1002/ajmg.c.31550

4. Debette S, Germain DP. Neurologic manifestations of inherited disorders of
connective tissue. Handb Clin Neurol. (2014) 119:565-76. doi: 10.1016/
B978-0-7020-4086-3.00037-0

5. Hakim A, O’Callaghan C, De Wandele I, Stiles L, Pocinki A, Rowe P. Cardiovascular
autonomic dysfunction in Ehlers-Danlos syndrome—Hypermobile type. Am ] Med
Genet C Semin Med Genet. (2017) 175:168-74. doi: 10.1002/ajmg.c.31543

6. Zarate N, Farmer A, Grahame R, Mohammed S, Knowles C, Scott S, et al.
Unexplained gastrointestinal symptoms and joint hypermobility: is connective tissue the
missing link? Neurogastroenterol ~ Motil. (2010) 22:252-€78. doi:
10.1111/j.1365-2982.2009.01421.x

7. Lam CY, Palsson OS, Whitehead WE, Sperber AD, Tornblom H, Simren M, et al.
Rome IV functional gastrointestinal disorders and health impairment in subjects with
hypermobility spectrum disorders or hypermobile Ehlers-Danlos syndrome. Clin
Gastroenterol Hepatol. (2021) 19:277-287.e3. e3. doi: 10.1016/j.cgh.2020.02.034

8. Fedorowski A. Postural orthostatic tachycardia syndrome: clinical presentation,
aetiology and management. J Intern Med. (2019) 285:352-66. doi: 10.1111/joim.12852

9. Benarroch EE. Postural tachycardia syndrome: A heterogeneous and multifactorial
disorder. Mayo Clin Proc. (2012) 87:1214-25. doi: 10.1016/j.mayocp.2012.08.013

10. Mehr SE, Barbul A, Shibao CA. Gastrointestinal symptoms in postural tachycardia
syndrome: a systematic review. Clin Auton Res. (2018) 28:411-21. doi: 10.1007/
510286-018-0519-x

Frontiers in Neurology

10.3389/fneur.2024.1379646

impact the findings, and addressing them in future research would
provide a more balanced and comprehensive understanding of these
conditions and their interrelationships.

Author contributions

WW: Writing - original draft, Writing - review & editing. VH:
Supervision, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

11. Camilleri M, Chedid V, Ford AC, Haruma K, Horowitz M, Jones KL, et al.
Gastroparesis. Nat Rev Dis Prim. (2018) 4:41. doi: 10.1038/s41572-018-0038-z

12. Pasricha PJ, Grover M, Yates KP, Abell TL, Bernard CE, Koch KL, et al. Functional
dyspepsia and gastroparesis in tertiary care are interchangeable syndromes with
common clinical and pathologic features. Gastroenterology. (2021) 160:2006-17. doi:
10.1053/j.gastro.2021.01.230

13. Wallman D, Weinberg J, Hohler AD. Ehlers-Danlos syndrome and postural
tachycardia syndrome: a relationship study. J Neurol Sci. (2014) 340:99-102. doi:
10.1016/j.jns.2014.03.002

14. Kanjwal K, Saeed B, Karabin B, Kanjwal Y, Grubb BP. Comparative clinical profile
of postural orthostatic tachycardia patients with and without joint hypermobility
syndrome. Indian Pacing Electrophysiol J. (2010) 10:173-8.

15. Tai FWD, Palsson OS, Lam CY, Whitehead WE, Sperber AD, Tornblom H, et al.
Functional gastrointestinal disorders are increased in joint hypermobility-related
disorders with concomitant postural orthostatic tachycardia syndrome.
Neurogastroenterol Motil. (2020) 32:e13975. doi: 10.1111/nmo.13975

16. Mao J-R, Bristow J. The Ehlers-Danlos syndrome: on beyond collagens. J Clin
Invest. (2001) 107:1063-9. doi: 10.1172/JCI12881

17. Malfait F, De Paepe A. Molecular genetics in classic Ehlers-Danlos syndrome. Am
J Med Genet C Semin Med Genet. (2005) 139:17-23. doi: 10.1002/ajmg.c.30070

18. Castori M, Camerota F, Celletti C, Danese C, Santilli V, Saraceni VM, et al. Natural
history and manifestations of the hypermobility type Ehlers-Danlos syndrome: a pilot
study on 21 patients. Am ] Med Genet A. (2010) 152A:556-64. doi: 10.1002/ajmg.a.33231

19. Quatman CE, Ford KR, Myer GD, Paterno MV, Hewett TE. The effects of gender
and pubertal status on generalized joint laxity in young athletes.  Sci Med Sport. (2008)
11:257-63. doi: 10.1016/j.jsams.2007.05.005

20. Gensemer C, Burks R, Kautz S, Judge DP, Lavallee M, Norris RA. Hypermobile

Ehlers-Danlos syndromes: complex phenotypes, challenging diagnoses, and poorly
understood causes. Dev Dyn. (2021) 250:318-44. doi: 10.1002/dvdy.220

frontiersin.org


https://doi.org/10.3389/fneur.2024.1379646
https://www.frontiersin.org/journals/neurology
https://doi.org/10.1111/j.1399-0004.2012.01858.x
https://doi.org/10.1002/ajmg.c.31550
https://doi.org/10.1016/B978-0-7020-4086-3.00037-0
https://doi.org/10.1016/B978-0-7020-4086-3.00037-0
https://doi.org/10.1002/ajmg.c.31543’
https://doi.org/10.1111/j.1365-2982.2009.01421.x
https://doi.org/10.1016/j.cgh.2020.02.034
https://doi.org/10.1111/joim.12852
https://doi.org/10.1016/j.mayocp.2012.08.013
https://doi.org/10.1007/s10286-018-0519-x
https://doi.org/10.1007/s10286-018-0519-x
https://doi.org/10.1038/s41572-018-0038-z
https://doi.org/10.1053/j.gastro.2021.01.230
https://doi.org/10.1016/j.jns.2014.03.002
https://doi.org/10.1111/nmo.13975
https://doi.org/10.1172/JCI12881
https://doi.org/10.1002/ajmg.c.30070
https://doi.org/10.1002/ajmg.a.33231
https://doi.org/10.1016/j.jsams.2007.05.005
https://doi.org/10.1002/dvdy.220

Wu and Ho

21. Castori M, Camerota F, Celletti C, Grammatico P, Padua L. Ehlers-Danlos
syndrome hypermobility type and the excess of affected females: possible mechanisms
and perspectives. Am ] Med Genet A. (2010) 152A:2406-8. doi: 10.1002/ajmg.a.33585

22.Bockhorn LN, Vera AM, Dong D, Delgado DA, Varner KE, Harris JD. Interrater
and intrarater reliability of the Beighton score: a systematic review. Orthop ] Sports Med.
(2021) 9:2325967120968099. doi: 10.1177/2325967120968099

23. Malek S, Reinhold EJ, Pearce GS. The Beighton score as a measure of generalised
joint hypermobility. Rheumatol Int. (2021) 41:1707-16. doi: 10.1007/s00296-021-04832-4

24. Alomari M, Hitawala A, Pravallika C, Covut E, Al Momani L, Shrouq K, et al.
Prevalence and predictors of gastrointestinal Dysmotility in patients with hypermobile
Ehlers-Danlos syndrome: a tertiary care center experience. Cureus. (2020) 12:7881. doi:
10.7759/cureus.7881

25. Kole A, Faurisson F. Rare diseases social epidemiology: analysis of inequalities.
Adv Exp Med Biol. (2010) 686:223-50. doi: 10.1007/978-90-481-9485-8_14

26. Castori M, Camerota E, Celletti C, Grammatico P, Padua L. Quality of life in the
classic and hypermobility types of Ehlers-Danlos syndrome. Ann Neurol. (2010)
67:145-6. doi: 10.1002/ana.21934

27.Miller AJ, Stiles LE, Sheehan T, Bascom R, Levy HP, Francomano CA, et al.
Prevalence of hypermobile Ehlers-Danlos syndrome in postural orthostatic tachycardia
syndrome. Auton Neurosci. (2020) 224:102637. doi: 10.1016/j.autneu.2020.102637

28. Fikree A, Chelimsky G, Collins H, Kovacic K, Aziz Q. Gastrointestinal involvement
in the Ehlers-Danlos syndromes. Am ] Med Genet C Semin Med Genet. (2017)
175:181-7. doi: 10.1002/ajmg.c.31546

29. Fikree A, Aziz Q, Sifrim D. Mechanisms underlying reflux symptoms and
dysphagia in patients with joint hypermobility syndrome, with and without postural
tachycardia syndrome. Neurogastroenterol Motil. (2017) 29:e13029. doi: 10.1111/
nmo.13029

30. Nelson AD, Mouchli MA, Valentin N, Deyle D, Pichurin P, Acosta A, et al. Ehlers
Danlos syndrome and gastrointestinal manifestations: a 20-year experience at Mayo
Clinic. Neurogastroenterol Motil. (2015) 27:1657-66. doi: 10.1111/nmo.12665

31. Gazit Y, Nahir AM, Grahame R, Jacob G. Dysautonomia in the joint hypermobility
syndrome. Am J Med. (2003) 115:33-40. doi: 10.1016/S0002-9343(03)00235-3

32. Chopra P, Tinkle B, Hamonet C, Brock I, Gompel A, Bulbena A, et al. Pain
management in the Ehlers-Danlos syndromes. Am ] Med Genet C Semin Med Genet.
(2017) 175:212-9. doi: 10.1002/ajmg.c.31554

33. Low PA, Sandroni P, Joyner M, Shen WK. Postural tachycardia syndrome (POTS).
J Cardiovasc Electrophysiol. (2009) 20:352-8. doi: 10.1111/j.1540-8167.2008.01407.x

34. Thieben M]J, Sandroni P, Sletten DM, Benrud-Larson LM, Fealey RD, Vernino S,
et al. Postural orthostatic tachycardia syndrome: The Mayo clinic experience. Mayo Clin
Proc. (2007) 82:308-13. doi: 10.4065/82.3.308

35. Olshansky B, Cannom D, Fedorowski A, Stewart ], Gibbons C, Sutton R, et al.
Postural orthostatic tachycardia syndrome (POTS): a critical assessment. Prog
Cardiovasc Dis. (2020) 63:263-70. doi: 10.1016/j.pcad.2020.03.010

36. DiBaise JK, Harris LA, Goodman B. Postural tachycardia syndrome (POTS) and
the GI tract: a primer for the gastroenterologist. Am ] Gastroenterol. (2018) 113:1458-67.
doi: 10.1038/s41395-018-0215-4

37.Raj S, Stiles L, Shaw B, Green E, Dorminy C, Shibao C, et al. The diagnostic
experience in postural tachycardia syndrome: insights from a cross-sectional community-
based survey. 27th International Symposium on the autonomic nervous system Clin
Auton Res (2016).

38. Shaw B, Stiles L, Bourne K, Green E, Shibao C, Okamoto L, et al. The face of
postural tachycardia syndrome-insights from a large cross-sectional online community-
based survey. J Intern Med. (2019) 286:438-48. doi: 10.1111/joim.12895

39. Olshansky B, Shen W-K, Calkins H, Brignole M. 2015 heart rhythm society expert
consensus statement on the diagnosis and treatment of postural tachycardia syndrome,
inappropriate sinus tachycardia, and vasovagal syncope. Heart Rhythm. (2015)
12:e41-63. doi: 10.1016/j.hrthm.2015.03.029

40. Kohn A, Chang C. The relationship between hypermobile Ehlers-Danlos syndrome
(hEDS), postural orthostatic tachycardia syndrome (POTS), and mast cell activation
syndrome (MCAS). Clin Rev Allergy Immunol. (2020) 58:273-97. doi: 10.1007/
s12016-019-08755-8

41.Low PA, Sandroni P. Postural tachycardia syndrome (POTS). Primer on the
autonomic nervous. System. (2012) 2012:517-9. doi: 10.1016/
B978-0-12-386525-0.00106-2

42.Jacob G, Costa E Shannon JR, Robertson RM, Wathen M, Stein M, et al. The
neuropathic postural tachycardia syndrome. N Engl ] Med. (2000) 343:1008-14. doi:
10.1056/NEJM200010053431404

43. Raj SR, Biaggioni I, Yamhure PC, Black BK, Paranjape SY, Byrne DW, et al. Renin-
aldosterone paradox and perturbed blood volume regulation underlying postural
tachycardia syndrome. Circulation. (2005) 111:1574-82. doi: 10.1161/01.
CIR.0000160356.97313.5D

44. Miller AJ, Raj SR. Pharmacotherapy for postural tachycardia syndrome. Auton
Neurosci. (2018) 215:28-36. doi: 10.1016/j.autneu.2018.04.008

45. Patrick A, Epstein O. gastroparesis. Aliment Pharmacol Ther. (2008) 27:724-40.
doi: 10.1111/§.1365-2036.2008.03637.x

Frontiers in Neurology

10.3389/fneur.2024.1379646

46. Hunt J. Mechanisms and disorders of gastric emptying. Annu Rev Med. (1983)
34:219-29. doi: 10.1146/annurev.me.34.020183.001251

47. Ahluwalia N, Thompson D, Barlow J. Effect of distension and feeding on phasic
changes in human proximal gastric tone. Gut. (1996) 39:757-61. doi: 10.1136/
gut.39.5.757

48. Tack J. The physiology and the pathophysiology of the gastric accommodation
reflex in man. Verh K Acad Geneeskd Belg. (2000) 62:183-207.

49. Troncon L, Thompson D, Ahluwalia N, Barlow ], Heggie L. Relations between
upper abdominal symptoms and gastric distension abnormalities in dysmotility like
functional dyspepsia and after vagotomy. Gut. (1995) 37:17-22. doi: 10.1136/gut.37.1.17

50. Van Citters GW, Lin HC. Ileal brake: neuropeptidergic control of intestinal transit.
Curr Gastroenterol Rep. (2006) 8:367-73. doi: 10.1007/s11894-006-0021-9

51. Hirst GDS, Edwards FR. Role of interstitial cells of Cajal in the control of gastric
motility. ] Pharmacol Sci. (2004) 96:1-10. doi: 10.1254/jphs.CRJ04002X

52. Lacy BE, Weiser K. Gastric motility, gastroparesis, and gastric stimulation. Surg
Clin. (2005) 85:967-87.

53. Soykan I, Sivri B, Sarosiek I, Kiernan B, Mccallum RW. Demography, clinical
characteristics, psychological and abuse profiles, treatment, and long-term follow-up of
patients  with  gastroparesis. Dig Dis Sci. (1998) 43:2398-404. doi:
10.1023/A:1026665728213

54. Forster ], Damjanov I, Lin Z, Sarosiek I, Wetzel P, McCallum RW. Absence of the
interstitial cells of Cajal in patients with gastroparesis and correlation with clinical
findings. ] Gastrointest Surg. (2005) 9:102-8. doi: 10.1016/j.gassur.2004.10.001

55. Bityutskiy LP, Soykan I, McCallum RW. Viral gastroparesis: a subgroup of
idiopathic gastroparesis--clinical characteristics and long-term outcomes. Am J
Gastroenterol. (1997) 92:1501-4.

56. Abell T, Camilleri M, Donohoe K, Hasler W, Lin H, Maurer A, et al. American
Neurogastroenterology and motility society and the Society of Nuclear Medicine.
Consensus recommendations for gastric emptying scintigraphy: a joint report of the
American Neurogastroenterology and motility society and the Society of Nuclear
Medicine. Am J Gastroenterol. (2008) 103:753-63. doi:
10.1111/j.1572-0241.2007.01636.x

57. Camilleri M, Zinsmeister AR, Greydanus MP, Brown ML, Proano M. Towards a
less costly but accurate test of gastric emptying and small bowel transit. Dig Dis Sci.
(1991) 36:609-15. doi: 10.1007/BF01297027

58. Desai A, O'Connor M, Neja B, Delaney K, Camilleri M, Zinsmeister AR, et al.
Reproducibility of gastric emptying assessed with scintigraphy in patients with upper
GI symptoms. Neurogastroenterol Motil. (2018) 30:e13365. doi: 10.1111/nmo.13365

59. Moore ], Christian P, Coleman R. Gastric emptying of varying meal weight and
composition in man: evaluation by dual liquid-and solid-phase isotopic method. Dig Dis
Sci. (1981) 26:16-22. doi: 10.1007/BF01307971

60. Rayner CK, Samsom M, Jones KL, Horowitz M. Relationships of upper
gastrointestinal motor and sensory function with glycemic control. Diabetes Care. (2001)
24:371-81. doi: 10.2337/diacare.24.2.371

61. Talley NJ. Diabetic gastropathy and prokinetics. Am ] Gastroenterol. (2003)
98:264-71. doi: 10.1111/j.1572-0241.2003.07268.x

62. Moayyedi P, Soo S, Deeks J, Forman D, Harris A, Innes M, et al. Systematic review:
antacids, H2-receptor antagonists, prokinetics, bismuth and sucralfate therapy for non-
ulcer  dyspepsia.  Aliment  Pharmacol  Ther. (2003) 17:1215-27. doi:
10.1046/j.1365-2036.2003.01575.x

63. Mertz H, Fass R, Kodner A, Yan-Go F, Fullerton S, Mayer E. Effect of amitryptiline
on symptoms, sleep, and visceral perception in patients with functional dyspepsia. Am
] Gastroenterol. (1998) 93:160-5. doi: 10.1111/§.1572-0241.1998.00160.x

64. Moak JP, Fabian RR, Clarke LC, Hanumanthaiah S, Desbiens J, Darbari A.
Antroduodenal manometry is abnormal in children presenting with orthostatic
intolerance and gastrointestinal symptoms. ] Pediatr Gastroenterol Nutr. (2016)
63:329-35. doi: 10.1097/MPG.0000000000001150

65. Arts J, Van Gool S, Caenepeel P, Janssens J, Tack J. Effect of intrapyloric injection
of botulinum toxin on gastric emptying and meal-related symptoms in gastroparesis.
Gastroenterology. (2003) 124:A53. doi: 10.1016/S0016-5085(03)80264-0

66. Arts ], Holvoet L, Caenepeel P, Bisschops R, Sifrim D, Verbeke K, et al. Clinical
trial: a randomized-controlled crossover study of intrapyloric injection of botulinum
toxin in gastroparesis. Aliment Pharmacol Ther. (2007) 26:1251-8. doi:
10.1111/j.1365-2036.2007.03467.x

67. Limketkai BN, LeBrett W, Lin L, Shah ND. Nutritional approaches for
gastroparesis. Lancet Gastroenterol Hepatol. (2020) 5:1017-26. doi: 10.1016/
$2468-1253(20)30078-9

68. Jones MP, Maganti K. A systematic review of surgical therapy for gastroparesis.
Am ] Gastroenterol. (2003) 98:2122-9. doi: 10.1111/j.1572-0241.2003.07721.x

69. Alicuben ET, Samaan ]S, Houghton CC, Soffer E, Lipham JC, Samakar K. Sleeve
gastrectomy as a novel procedure for gastroparesis. Am Surg. (2021) 87:1287-91. doi:
10.1177/0003134820979781

70. Lee AM, Fuchs K-H, Varga G, Breithaupt W, Neki K, Broderick R, et al. Sleeve
gastrectomy for treatment of delayed gastric emptying—indications, technique, and
results. Langenbeck's Arch Surg. (2020) 405:107-16. doi: 10.1007/s00423-020-01856-5

frontiersin.org


https://doi.org/10.3389/fneur.2024.1379646
https://www.frontiersin.org/journals/neurology
https://doi.org/10.1002/ajmg.a.33585
https://doi.org/10.1177/2325967120968099
https://doi.org/10.1007/s00296-021-04832-4
https://doi.org/10.7759/cureus.7881
https://doi.org/10.1007/978-90-481-9485-8_14
https://doi.org/10.1002/ana.21934
https://doi.org/10.1016/j.autneu.2020.102637
https://doi.org/10.1002/ajmg.c.31546
https://doi.org/10.1111/nmo.13029
https://doi.org/10.1111/nmo.13029
https://doi.org/10.1111/nmo.12665
https://doi.org/10.1016/S0002-9343(03)00235-3
https://doi.org/10.1002/ajmg.c.31554
https://doi.org/10.1111/j.1540-8167.2008.01407.x
https://doi.org/10.4065/82.3.308
https://doi.org/10.1016/j.pcad.2020.03.010
https://doi.org/10.1038/s41395-018-0215-4
https://doi.org/10.1111/joim.12895
https://doi.org/10.1016/j.hrthm.2015.03.029
https://doi.org/10.1007/s12016-019-08755-8
https://doi.org/10.1007/s12016-019-08755-8
https://doi.org/10.1016/B978-0-12-386525-0.00106-2
https://doi.org/10.1016/B978-0-12-386525-0.00106-2
https://doi.org/10.1056/NEJM200010053431404
https://doi.org/10.1161/01.CIR.0000160356.97313.5D
https://doi.org/10.1161/01.CIR.0000160356.97313.5D
https://doi.org/10.1016/j.autneu.2018.04.008
https://doi.org/10.1111/j.1365-2036.2008.03637.x
https://doi.org/10.1146/annurev.me.34.020183.001251
https://doi.org/10.1136/gut.39.5.757
https://doi.org/10.1136/gut.39.5.757
https://doi.org/10.1136/gut.37.1.17
https://doi.org/10.1007/s11894-006-0021-9
https://doi.org/10.1254/jphs.CRJ04002X
https://doi.org/10.1023/A:1026665728213
https://doi.org/10.1016/j.gassur.2004.10.001
https://doi.org/10.1111/j.1572-0241.2007.01636.x
https://doi.org/10.1007/BF01297027
https://doi.org/10.1111/nmo.13365
https://doi.org/10.1007/BF01307971
https://doi.org/10.2337/diacare.24.2.371
https://doi.org/10.1111/j.1572-0241.2003.07268.x
https://doi.org/10.1046/j.1365-2036.2003.01575.x
https://doi.org/10.1111/j.1572-0241.1998.00160.x
https://doi.org/10.1097/MPG.0000000000001150
https://doi.org/10.1016/S0016-5085(03)80264-0
https://doi.org/10.1111/j.1365-2036.2007.03467.x
https://doi.org/10.1016/S2468-1253(20)30078-9
https://doi.org/10.1016/S2468-1253(20)30078-9
https://doi.org/10.1111/j.1572-0241.2003.07721.x
https://doi.org/10.1177/0003134820979781
https://doi.org/10.1007/s00423-020-01856-5

Wu and Ho

71. Burcharth ], Rosenberg J. Gastrointestinal surgery and related complications in
patients with Ehlers-Danlos syndrome: a systematic review. Dig Surg. (2012) 29:349-57.
doi: 10.1159/000343738

72.Rowe PC, Barron DE Calkins H, Maumenee IH, Tong PY, Geraghty MT.
Orthostatic intolerance and chronic fatigue syndrome associated with Ehlers-Danlos
syndrome. ] Pediatr. (1999) 135:494-9. doi: 10.1016/S0022-3476(99)70173-3

73. Hakim AJ, Grahame R. Non-musculoskeletal symptoms in joint hypermobility
syndrome. Indirect evidence for autonomic dysfunction? Rheumatology. (2004)
43:1194-5. doi: 10.1093/rheumatology/keh279

74. Browning KN, Travagli RA. Central nervous system control of gastrointestinal
motility and secretion and modulation of gastrointestinal functions. Compr Physiol.
(2014) 4:1339-68. doi: 10.1002/cphy.c130055

75. Takala J. Determinants of splanchnic blood flow. Br ] Anaesth. (1996) 77:50-8. doi:
10.1093/bja/77.1.50

76. Fujimura J, Camilleri M, Low PA, Novak V, Novak P, Opfer-Gehrking TL. Effect
of perturbations and a meal on superior mesenteric artery flow in patients with
orthostatic hypotension. J Auton Nerv Syst. (1997) 67:15-23. doi: 10.1016/
S0165-1838(97)00087-8

77. Tani H, Singer W, McPhee BR, Opfer-Gehrking TL, Haruma K, Kajiyama G, et al.
Splanchnic-mesenteric capacitance bed in the postural tachycardia syndrome (POTS).
Auton Neurosci. (2000) 86:107-13. doi: 10.1016/S1566-0702(00)00205-8

78. Seligman WH, Low DA, Asahina M, Mathias C]. Abnormal gastric myoelectrical
activity in postural tachycardia syndrome. Clin Auton Res. (2013) 23:73-80. doi:
10.1007/s10286-012-0185-3

Frontiers in Neurology

09

10.3389/fneur.2024.1379646

79. Safder S, Chelimsky TC, O'Riordan MA, Chelimsky G. Gastric electrical activity
becomes abnormal in the upright position in patients with postural tachycardia syndrome.
] Pediatr Gastroenterol Nutr. (2010) 51:314-8. doi: 10.1097/MPG.0b013e3181d13623

80. Chaudhuri KR, Thomaides T, Mathias C. Abnormality of superior mesenteric
artery blood flow responses in human sympathetic failure. J Physiol. (1992) 457:477-89.
doi: 10.1113/jphysiol.1992.sp019388

81. Harrison B, Sanniec K, Janis JE. Collagenopathies—implications for abdominal
wall reconstruction: a systematic review. Plast Reconstr Surg Glob Open. (2016) 4:e1036.
doi: 10.1097/GOX.0000000000001036

82. Manning J, Korda A, Benness C, Solomon M. The association of obstructive defecation,
lower urinary tract dysfunction and the benign joint hypermobility syndrome: a case-control
study. Int Urogynecol J. (2003) 14:128-32. doi: 10.1007/s00192-002-1025-0

83. Timpone VM, Lattin GE Jr, Lewis RB, Azuar K, Tubay M, Jesinger RA. Abdominal
twists and turns: part I, gastrointestinal tract torsions with pathologic correlation. Am |
Roentgenol. (2011) 197:86-96. doi: 10.2214/AJR.10.7292

84. Castori M, Morlino S, Pascolini G, Blundo C, Grammatico P. Gastrointestinal and
nutritional issues in joint hypermobility syndrome/Ehlers-Danlos syndrome,
hypermobility type. Am | Med Genetics part C: Seminars in medical genetics. (2015)
169C:54-75. doi: 10.1002/ajmg.c.31431

85. Grundy D, Schemann M. Enteric nervous system. Curr Opin Gastroenterol. (2006)
22:102-10. doi: 10.1097/01.mog.0000208459.46395.16

86. Ye Y, Yin Y, Huh SY, Almansa C, Bennett D, Camilleri M. Epidemiology, etiology,
and treatment of gastroparesis: real-world evidence from a large US national claims
database. Gastroenterology. (2022) 162:109-121.e5. e5. doi: 10.1053/j.gastro.2021.09.064

frontiersin.org


https://doi.org/10.3389/fneur.2024.1379646
https://www.frontiersin.org/journals/neurology
https://doi.org/10.1159/000343738
https://doi.org/10.1016/S0022-3476(99)70173-3
https://doi.org/10.1093/rheumatology/keh279
https://doi.org/10.1002/cphy.c130055
https://doi.org/10.1093/bja/77.1.50
https://doi.org/10.1016/S0165-1838(97)00087-8
https://doi.org/10.1016/S0165-1838(97)00087-8
https://doi.org/10.1016/S1566-0702(00)00205-8
https://doi.org/10.1007/s10286-012-0185-3
https://doi.org/10.1097/MPG.0b013e3181d13623
https://doi.org/10.1113/jphysiol.1992.sp019388
https://doi.org/10.1097/GOX.0000000000001036
https://doi.org/10.1007/s00192-002-1025-0
https://doi.org/10.2214/AJR.10.7292
https://doi.org/10.1002/ajmg.c.31431
https://doi.org/10.1097/01.mog.0000208459.46395.16
https://doi.org/10.1053/j.gastro.2021.09.064

	An overview of Ehlers Danlos syndrome and the link between postural orthostatic tachycardia syndrome and gastrointestinal symptoms with a focus on gastroparesis
	1 Introduction
	2 Overview of EDS
	2.1 Genetics of EDS
	2.2 Sex discrepancy in the etiology of hEDS
	2.3 Diagnostic criteria for hEDS
	2.4 Diagnostic challenges
	2.5 Clinical course of hEDS
	2.6 Manifestations of EDS
	2.6.1 Dysautonomia
	2.6.2 Gastrointestinal symptoms
	2.7 Treatment of hEDS

	3 Overview of POTS
	3.1 Clinical features of POTS
	3.2 Diagnostic criteria for POTS
	3.3 Diagnostic challenges for POTS
	3.4 Proposed mechanisms underlying POTS
	3.5 Outline of management of POTS

	4 Overview of gastroparesis
	4.1 Normal gastric function
	4.2 Pathophysiology
	4.3 Diagnostic modalities
	4.4 Diagnostic challenges
	4.5 Outline of management of gastroparesis
	4.5.1 Dietary modifications
	4.5.2 Prokinetics
	4.5.3 Antiemetics
	4.5.4 Antidepressants
	4.5.5 Pyloric injection of botulinum toxin
	4.5.6 Enteral nutrition
	4.5.7 Surgery

	5 Overlap between EDS, POTS and gastrointestinal symptoms
	5.1 Autonomic dysfunction underscoring
	5.1.1 Pots
	5.1.2 Gastrointestinal symptoms
	5.2 Morphological gastrointestinal abnormalities in patients with hEDS
	5.3 A focus on gastroparesis

	6 Conclusion

	References

