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The autonomic nervous system delicately regulates the function of several target organs, including the

gastrointestinal tract. Thus, nerve lesions or other nerve pathologies may cause autonomic dysfunction (AD). Some

of the most common causes of AD are diabetes mellitus and α-synucleinopathies such as Parkinson’s disease.

Widespread dysmotility throughout the gastrointestinal tract is a common finding in AD, but no commercially

available method exists for direct verification of enteric dysfunction. Thus, assessing segmental enteric

physiological function is recommended to aid diagnostics and guide treatment.

autonomic dysfunction  gastrointestinal  motility  investigations  manometry
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1. Introduction

Autonomic disorders may involve the parasympathetic, sympathetic, and enteric nervous systems with extensive,

multisystemic consequences . Among several other organ manifestations, pan-enteric gastrointestinal (GI)

dysmotility is frequently seen . Not only do the motility disturbances contribute to GI symptoms, they may also

affect the absorption of medication used to treat the underlying disease .

Methods for assessment of GI motility are generally applicable across autonomic dysfunction (AD) etiologies

despite different underlying pathophysiology. Verification of the extent of GI involvement is important to support

diagnosis and guide effective treatment, especially because gastrointestinal symptoms and objective measures

correlate poorly . However, commercially available assessment methods have different inherent limitations,

and better techniques are needed for evaluating GI dysfunction.

2. Clinical Presentation

2.1. Autonomic Neuropathy in Neurological Disorders

The autonomic nervous system involves sympathetic and parasympathetic neural structures in the central and

peripheral nervous systems that innervate all internal organs . Moreover, and often under-recognized, is the

enteric nervous system that is also part of the autonomic nervous system . Centrally, the autonomic nervous

system is regulated by areas localized at the forebrain pontomescencephalic and bulbopontine level, and in the
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spinal cord. The peripheral autonomic nervous system acts via the postganglionic parasympathetic and

sympathetic nervous systems, which interact with the enteric nervous system in a complex and delicately

coordinated network . Thus, central and peripheral nerve lesions and pathology may induce AD . Pure AD

can manifest acutely or sub-acutely such as seen in autoimmune autonomic ganglionopathy or treatment-induced

neuropathy of diabetes mellitus (DM). The latter can be caused by a too fast downregulation of blood glucose in a

dysregulated DM patient . On the other hand, the presentation can be slowly progressing as seen in α-

synucleinopathies or neuropathy of various etiologies. α-synucleinopathies are neurodegenerative diseases

characterized by abnormal accumulation of aggregates of α-synuclein protein in nerve fibers or glial cells. The main

types of α-synucleinopathies are Parkinson’s disease (PD), dementia with Lewy bodies, multiple-system atrophy,

and pure autonomic failure . Large and small fiber sensory and autonomic neuropathy is seen in metabolic

disorders (DM, hypothyroidism, uremia), cobalamin deficiency, infections, immune-mediated conditions

(gammopathies, vasculitis, and coeliac disease), neurotoxic exposure (alcoholism, and pharmacological

treatment), and in hereditary conditions (hereditary sensory and autonomic neuropathy, Fabry’s disease, and

hereditary transthyretin-mediated amyloidosis) . Autonomic dysfunction is also seen in patients with postural

orthostatic tachycardia syndrome (POTS) defined by an abnormal increase in heart rate of at least 30 beats/min

within 10 min of standing or during a tilt table test. The rise in heart rate is seen in the absence of orthostatic

hypotension and symptoms of orthostatic intolerance must be present for at least 6 months . POTS has been

associated with small fiber neuropathy, Ehlers–Danlos syndrome and mast cell activation syndrome .

2.2. Clinical Presentation of Autonomic Neuropathy in General

The symptoms of autonomic neuropathy are numerous and the condition is multisystemic due to the extensive

parasympathetic and sympathetic innervation of multiple organs and structures such as the cardiovascular,

gastrointestinal, thermoregulatory, respiratory, urogenital, pupillomotor, and sudomotor systems . Thus,

diagnosis, treatment, and follow-up may involve multiple specialties. Parasympathetic dysfunction may cause the

sicca syndrome with dry eyes and mouth, light intolerance due to dilated non-responding pupils, urine retention,

erectile dysfunction, resting tachycardia, and reduced GI motility. Sympathetic dysfunction is characterized by

miotic pupils, orthostatic intolerance with dizziness or syncope, exercise intolerance, anhidrosis, and heat

intolerance . GI dysfunction may cause gastroparesis and enteropathy with constipation, diarrhea, and fecal

incontinence, and may affect absorption of oral medication, see below.

Recognizing AD is important because of the increased morbidity and mortality associated with reduced heart rate

variability, arrhythmias, increased blood pressure variability, and neurogenic orthostatic hypotension . Acute

development of AD can be the first sign of an underlying paraneoplastic condition. Furthermore, early recognition is

important to ensure early initiation of conservative or pharmacological treatments targeting orthostatic or

postprandial hypotension, supine hypertension, erectile dysfunction, and gastroenteropathy as these conditions

may have a negative impact on the quality of life if left untreated. Finally, autonomic testing can monitor the course

of dysautonomia and the response to treatment.

2.3. Clinical Presentation of Gastrointestinal Autonomic Neuropathy
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Studies of GI function in patients with AD have mainly included patients with DM or PD. However, pan-enteric

autonomic neuropathy is also seen in the less commonly described etiologies, and principles for clinical evaluation

and treatment will be largely similar across etiologies. All segments of the GI tract may be affected, contributing to

a highly variable inter-individual clinical presentation and intra-individual symptom fluctuation with time, the latter

especially seen in patients with DM . Common GI symptoms, such as dysphagia, nausea, vomiting, bloating,

early satiety, abdominal pain, constipation, diarrhea, weight loss, and fecal incontinence may be present, combined

or solitary, and they may substantially affect the quality of life . In patients with DM, symptoms of

gastroparesis are present in up to 18%, diarrhea in 20%, and constipation in up to 60%. Furthermore, fecal

incontinence is frequently reported . The prevalence of symptoms of gastroparesis and constipation in PD

reaches 50%. Furthermore, 72% have anorectal dysfunction expressed as straining for defecation, but also

incomplete emptying, with symptoms becoming more severe during disease progression . Constipation is

reported in 50% of patients with pure autonomic failure and in up to 82% of patients with multiple system atrophy

. Orthostatic symptoms in POTS often coexist with severe GI symptoms, with nausea, abdominal pain and

constipation reported in more than 70% . Prominent multi-segmental GI symptoms are also commonly seen

in the hypermobile Ehlers–Danlos syndrome and in the mast cell activation syndrome, which is relevant as a

differential diagnosis . However, prevalence measures vary across studies in all the above-mentioned

disorders. While several AD etiologies are associated with GI symptoms, studies on motility across multiple GI

segments are primarily performed in PD and DM. Thus, motility disturbances in PD and DM will gain most attention

in this review, but dysmotility findings in other diseases will be mentioned when available.

Pan-enteric dysmotility has been documented, and the abnormalities in each segment of the GI tract are presented

in Figure 1. Aperistalsis and uncoordinated contractions are common in the esophagus . Gastric dysmotility

presents as delayed or accelerated gastric emptying time and reduced postprandial accommodation .

Dysmotility, prolonged transit time, and a higher prevalence of small intestinal bacterial overgrowth (SIBO) are

seen within the small intestine . Delayed colonic transit time is frequently seen in PD and primarily caused by

a combination of slow transit constipation and anorectal outlet obstruction . Anorectal dysfunction in PD is

primarily due to dystonia and pathological contractions of the external sphincter during defecation . Both colonic

hypo- and hypermotility have been shown in DM and a dysfunctional internal sphincter combined with rectal

hyposensitivity contributes to fecal incontinence .
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Figure 1. Motility disturbances related to autonomic dysfunction in each gastrointestinal segment.

Widespread dysmotility and varying transit times, especially prolonged gastric emptying time, can make the

absorption of oral medication unpredictable and reduce the effectiveness of some drugs . Additionally,

abnormal postprandial fluctuations in blood glucose, related to a mismatch between insulin administration and food

availability in the small intestine, may be harmful to patients with DM . Postprandial hypotension, mainly related

to autonomic neuropathy, is also more frequent in patients with DM than in healthy controls .

No commercially available in vivo diagnostic test of enteric neuropathy exists. Furthermore, GI symptoms are

generally not predictive of the objective motility dysfunction, with objective dysmotility occurring more frequently

than subjective symptoms. This necessitates objective assessment to verify the extent of GI dysmotility to support

the diagnosis of enteric neuropathy and guide treatment . However, even though a verification of GI

dysmotility in a patient with AD significantly increases the likelihood of enteric neuropathy, some patients may have

enteric neuropathy despite normal motility measurements.

The underlying pathophysiology of AD varies across patient groups, but assessment methods of the pan-enteric

dysfunction are overall identical. Thus, established and emerging methods for assessment of gut function in

autonomic disorders and the most relevant general assessment methods of autonomic neuropathy will be reviewed

below. The assessment-guided treatment approach will be described at the end of this review.
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3. Established Methods for Assessment of
Gastroenteropathy

3.1. Exclusion of Differential Diagnoses

When enteric neuropathy is suspected in a patient with an autonomic disorder, the primary approach is to exclude

other plausible causes of the gastrointestinal symptoms, such as gastrointestinal cancer, inflammatory bowel

disease, exocrine pancreas insufficiency, bile acid malabsorption, coeliac disease, and porphyria. Furthermore, it is

important to substitute medication if side effects are suspected to be the cause of GI symptoms.

3.2. Assessment of Symptoms

The Gastroparesis Cardinal Symptom Index is a sub-score in the larger questionnaire PAGI-SYM (patient

assessment of upper gastrointestinal disorders-symptom severity index) . It is a symptom severity scale

assessing gastroparesis and consists of nine items grouped into three subscales including nausea/vomiting,

postprandial fullness/early satiety, and bloating. The severity of each symptom is rated on a Likert scale ranging

from 0 (no symptoms) to 5 (very severe symptoms), and the recall period is two weeks. The Gastroparesis

Cardinal Symptom Index is reliable, valid, and responsive to change . However, gastroparesis can be

asymptomatic and previous studies suggest that delayed gastric emptying cannot be predicted by the severity of

symptoms alone .

The Gastrointestinal Symptom Rating Scale is a well-validated, responsive, and reliable instrument for assessing

GI symptoms. It has been used in several clinical trials mainly for dyspepsia and gastroesophageal reflux disease,

but also in patients with DM . It consists of 15 items covering five symptom clusters: reflux, abdominal

pain, indigestion, diarrhea, and constipation. A 7-point Likert-type response scale is used to grade the severity of

symptoms, ranging from 1 (no symptoms) to 7 (very troublesome symptoms), and the recall period is the past week

.

Specific constipation scoring systems have also been used in autonomic disorders. The Cleveland Constipation

Score consists of eight items, and a total score above 15 represents constipation. Symptoms are graduated from

mild to severe, which allows for monitoring of symptom fluctuation . The ROME IV criteria for constipation are

commonly used to define functional constipation and combine a detailed description of colonic and anorectal

symptoms . They are, however, not directly applicable in patients with AD-related gastroenteropathy.

The Diabetes Bowel Symptom Questionnaire is validated for assessment of GI symptoms, glycemic control, and

quality of life in patients with DM, but has been used only sporadically . Questionnaires addressing the broad

spectrum of non-motor-symptoms in PD have been developed. These do not cover pan-enteric GI dysfunction in

detail but are useful as screening tools .

3.3. Tests of Esophageal Motility
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Within recent years, high-resolution esophageal manometry has been the method of choice for examining

esophageal dysfunction in neurological disorders . When an upper endoscopy with biopsies does not explain the

underlying cause of symptoms such as dysphagia and regurgitation, esophageal manometry may be performed.

The manometry catheter contains up to 36 pressure sensors distributed 1 cm apart. These sensors provide

spatiotemporal, topographic maps of the propagating motor patterns by measuring amplitudes of contractile events

within the regions of interest . The clinical performance and interpretation of these data can be challenging.

Therefore, when high-resolution esophageal manometry is used to assess AD, it is normally restricted to

specialized centers . Esophageal motor dysfunction is present in half of all patients with type 1 DM and

dysphagia . In addition, esophageal dysmotility is frequently seen in the α-synucleinopathies, most often as

generally reduced peristalsis with ineffective swallows . Absent or impaired esophageal activity is

documented in POTS with conventional esophageal manometry and with high-resolution esophageal manometry in

the Ehlers–Danlos Syndrome, hypermobility type .

The modified barium swallowing test can also be utilized in the diagnosis of these disorders. This examination

permits the dynamic visualization of content movements through the upper GI system in real time with the use of

videofluoroscopy . The role of the modified barium swallowing test is not limited to the diagnose of dysmotility

but can add to the understanding of the physiologic swallowing deficit, which can be useful to maximize the benefit

of swallowing therapy . Unfortunately, this examination suffers a highly variable inter- and intra-rater reliability,

requires considerable resources, and is associated to radiation exposure as well as aspiration risks . The

modified barium swallowing test demonstrated slower initiation of airway closure in patients with PD . The test is

utilized in the diagnostics of esophageal dysmotility in other causes of autonomic dysfunction as well but the

literature on this area is still scarce .

3.4. Gastric Emptying Tests

Assessment of gastric emptying time is indicated when patients with an autonomic disorder suffer from nausea,

early satiety, lack of appetite, vomiting, postprandial pain, unpredictable absorption of orally administered

medication, or large postprandial blood glucose fluctuations in DM. Various assessment techniques exist, and the

choice of method primarily depends on its availability at each center performing the procedure.

Gastric emptying scintigraphy is the gold standard for measuring gastric emptying time. An ingested, standardized

radiolabeled meal is followed by sequential gamma camera images at minimum 0, 1, 2, and 4 h after meal

ingestion . The region of interest is drawn manually on each image, and the percentage of activity remaining

in the stomach at each time-point expresses gastric emptying . The advantage of this technique is its effective

and non-invasive character that does not interfere with normal gastric motility. However, exposure to radiation, high

cost, and limited availability are major drawbacks for all scintigraphic measurements. Scintigraphy has shown

delayed or rapid gastric emptying time in patients with DM, and delayed gastric emptying time in patients with

multiple system atrophy and PD . In patients with POTS gastric emptying time is more frequently rapid than

delayed .
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Gastric emptying breath test is a simple, inexpensive, non-invasive, and radiation-free technique to measure

gastric emptying time. A solid meal containing the non-radioactive isotope C is ingested and rapidly absorbed

when it enters the small intestine. Gastric emptying is the rate-limiting step in the metabolic pathway for CO ; and

after metabolization in the liver, CO  is exhaled through the respiratory tract, whereby the accumulation of CO

in the breath samples indirectly reflects gastric emptying time . Gastric emptying time measures from the gastric

emptying breath test are reproducible and correlate with findings from gastric emptying scintigraphy in patients with

DM . The disadvantage of this technique is the multiple steps required from ingestion to exhalation, which

may make the test less accurate. Normal lung and liver function are also a prerequisite. Patients with multiple

system atrophy have significantly prolonged gastric emptying time when investigated with gastric emptying breath

test . Unfortunately, a recent meta-analysis showed that gastric emptying time obtained with gastric emptying

scintigraphy and gastric emptying breath test correlate poorly in patients with PD, and the validity of the test is

questioned in this disease .

3.5. Assessment of Gastric and Small Intestinal Motility

Antropyloroduodenal manometry can distinguish abnormal from normal motility patterns within the distal stomach,

pylorus, and duodenum. The method is performed only at a few and highly specialized centers and usually as a

supplement to gastric emptying tests. Specific motility patterns can be demonstrated in both fasting and

postprandial states. However, different disorders may share common dysmotility patterns. Antropyloroduodenal

manometry is in general seen as a valuable diagnostic tool and can guide treatment in various motility disorders

. The method has been used in patients with DM, but the clinical evidence is otherwise sparse in

gastroenteropathy related to AD .

Usually, water-perfused or solid-state catheters are used with pressure sensors spaced 5–10 cm in the duodenal

region and 0.5–1 cm in the antral and pyloric region. The recording period is often 6 h and includes the ingestion of

a meal. However, ambulatory recording can be performed over 24 h, which may reduce variability among

individuals but increases the risk of catheter displacement . The method is reproducible and the interobserver

agreement is comparable to that of other commonly used methods . Normative values are available .

However, it may be unpleasant for the patients to carry the catheter, and expertise is needed to perform the

investigations and to analyze data. Application of the high-resolution esophageal manometry catheter in the

antropyloroduodenal region can demonstrate more detailed motility patterns than antropyloroduodenal manometry,

but these catheters are expensive and more sensitive to external noise, such as cough and movements .

3.6. Tests of Small Intestinal and Colonic Transit

Assessment of small intestinal or colonic transit times is mainly indicated in patients with abdominal bloating and

pain or in patients with symptoms of constipation. It may also be relevant in patients where symptoms of

constipation or diarrhea coexist in order to obtain information on the underlying physiology and aid the choice of

treatment, see Section 6.
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Scintigraphy is established for measuring transit times through the small bowel, colon, and whole gut . The basic

principles are similar to those of gastric emptying scintigraphy. However, for small bowel transit time gamma

images are continued for 6 h after ingestion, and single images at 24, 48, and 72 h are used to determine colonic

transit time . Only a few normative data with a wide normal range are available for small bowel transit time and

the interpretation is potentially affected by abnormal gastric or colonic motility. Lack of standardization in clinical

practice and time-consuming protocols are drawbacks for intestinal scintigraphy in general . Thus, the method

has only gained limited use in AD-related gastroenteropathies .

Radio-opaque markers are the most commonly used method for assessment of whole gut transit time, which in

clinical practice can be seen as an approximation of colonic transit time. The method is simple, repeatable, well-

tolerated, inexpensive, and easy to perform. In addition, good correlation has been demonstrated for colonic transit

time measured with radio-opaque markers, Wireless Motility Capsule, and scintigraphy . Usually, the markers

are taken on a single day and visualized by an X-ray on day 5. If quantitative data are needed, a capsule

containing 10 markers is ingested on 6 consecutive days with an abdominal X-ray on day 7 . Estimation of

segmental colonic transit times also requires ingestion of radio-opaque markers at consecutive days, and patient

compliance has to be optimal. Other limitations are the radiation exposure and the lack of method standardization

between centers, which challenges comparison of the results . Assessment with radio-opaque markers in

patients with PD, multiple system atrophy and DM showed significantly prolonged colonic transit time, especially

within the left and rectosigmoid colon .

Hydrogen and methane breath tests can quantify orocecal transit time as a combined measure of gastric and small

intestinal transit. The test is usually used as a supplement to assessment of colonic transit time with radiopaque

markers and mainly in patients with bloating, abdominal discomfort, or diarrhea. When in contact with colonic

bacteria, ingested non-absorbable carbohydrates undergo fermentation and release gases, such as hydrogen and

methane, which are excreted through respiration within 3 min. Orocecal transit time is defined as the time interval

between oral intake of carbohydrates (often 10 g lactulose) and a registered peak in expired gases by gas

chromatography. The hydrogen and methane breath tests are simple, non-invasive, inexpensive, and without

exposure to radiation. However, the correlation between the hydrogen breath test and scintigraphy is variable 

. In addition, several other sources of error exist. The natural osmotic activity of lactulose potentially accelerates

small intestinal transit and decelerates gastric emptying. The presence of SIBO may complicate the interpretation

of orocecal transit time . In both DM and PD, orocecal transit time was significantly prolonged compared with

healthy controls when using the hydrogen breath test .

3.7. Assessment of Small Intestinal Bacterial Overgrowth

Patients with intestinal dysmotility, and among these patients with AD-related gastroenteropathy, are predisposed

to SIBO . The prevalence of SIBO depends on the choice of diagnostic method . Assessment of this

condition is primarily needed when abdominal discomfort, bloating, and diarrhea are present in patients with AD.

The most valid method for diagnosing SIBO is a luminal, jejunal aspirate for culture retrieved by endoscopy, but

this method is invasive, subject to contamination, and may underestimate the intraluminal amount of microbiota. In
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addition to their use for assessment of orocecal transit time, hydrogen and methane breath tests are frequently

used as an indirect and non-invasive method to detect SIBO. When SIBO is present, an early peak of expired

hydrogen or methane gas is recognized due to fermentation within the small intestine . A North American

consensus provides a practical guide to a standardized performance and interpretation of breath tests, and these

tests are widely used in clinical practice . However, recent studies have questioned the utility of breath tests for

diagnosing SIBO . Simultaneously performed scintigraphy and breath test showed that rapid orocecal transit

time and hereby early colonic fermentation with production of hydrogen or methane gas could erroneously be

interpreted as SIBO . Jejunal aspirates for culture did not correlate well with the breath test, and in general

methods for diagnosing SIBO lack sensitivity, specificity, reproducibility, and standardization .

3.8. Tests of Anorectal Motility

High-resolution anorectal manometry and high-definition anorectal manometry are increasingly used in clinical

practice to evaluate continence and regulation of defecation, primarily in patients with either difficult evacuation of

stools or fecal incontinence who do not respond to standard treatment modalities . A consensus guideline for

standardization of the methods was recently published . Compared with conventional manometry, additional

pressure sensors are closely incorporated within either a solid-state or a water-perfused catheter (often ≥8

sensors). A high-definition rigid catheter containing 256 pressure sensors arranged in a circumferential grid has

also been developed . In combination with anorectal sensibility tests or other diagnostic investigations,

contractions in the distal rectum and anal canal in response to various stimuli may establish a diagnosis and direct

different treatment modalities . Normative values based on large datasets exist for both high-resolution and high-

definition anorectal manometry . Limitations to both techniques are their fragility and costs. Moreover, data

analysis is challenging, limiting their use to investigation at specialized centers. High-resolution anorectal

manometry has been used to evaluate anorectal dysfunction in PD, especially revealing dystonic contractions in

the external anal sphincter as a pathophysiological mechanism for unsuccessful attempts of defecation .

Reduced anorectal sensibility and internal sphincter dysfunction contribute to fecal incontinence in patients with

DM .

3.9. Whole Gut Assessment

When pan-enteric dysmotility is suspected, often due to combined upper and lower GI symptoms, the Wireless

Motility Capsule (Smartpill Monitoring System; Medtronic) is considered the method of choice. An ingested capsule

measures pH, intraluminal pressure, and temperature while it passes through the GI tract and transmits this

information to a wireless receiver . Accurate measures of the total and regional transit times are provided by

using specific pH changes as a surrogate for GI physiological landmarks and temperature to verify expulsion, as

seen in Figure 2 . The advantages of this test are the availability of substantive normative data and its

ambulatory, non-invasive, and radiation-free character . Results from the wireless motility capsule correlate

with established methods for measuring regional and whole gut transit times . Lack of information on

segmental colonic transit times is a drawback for the wireless motility capsule investigation. In addition, it only

provides information on localized intestinal pressure changes rather than detecting a peristaltic wave, whereas

external noise, such as a cough and body movements, can be misinterpreted as bowel movements. The SmartBar,
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ingested along with the wireless motility capsule, has a high sugar content, which may induce hyperglycemia and

by this a slower gastric emptying in patients with DM . Evidence suggests multi-segmental dysmotility in the GI

system of both patients with POTS and DM, and a recent study showed that test results led to treatment changes

in 73% of patients with DM . In patients with PD, multi-segmental delayed transit times determined by the

wireless motility capsule can also guide treatment . Hence, evaluation of the entire GI tract with only one

examination seems like a reasonable choice in AD-related gastroenteropathy .

Figure 2. Wireless Motility Capsule recordings from two patients with type 2 diabetes. Time is displayed on the x-

axis, pressure on the left y-axis (red), pH on the right y-axis (green), and temperature on the right y-axis (blue). (a)

Normal transit times. (b) Delayed gastric emptying time (18 h) and colonic transit time (78 h). (GET = Gastric

emptying time. SBTT = Small bowel transit time. CTT = Colonic transit time. ICJ = Ileocolic junction).

 

Pan-enteric assessment methods, such as the wireless motility capsule, are not widely available. Thus, the initial

assessment of motility-disturbances is commonly performed by combining a gastric emptying test (for example the
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gastric emptying scintigraphy), a breath test for SIBO (for example the hydrogen and methane breath tests) and a

test of colonic transit time (for example the radio-opaque markers). Furthermore, guided by symptoms and

objective motility findings, it may be relevant to perform one of the mentioned manometric investigations.
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