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Abstract
Purpose of Review Patients with Parkinson’s disease (PD) often display gastrointestinal and genitourinary autonomic symptoms
years or even decades prior to diagnosis. These symptoms are thought to be caused in part by pathologicalα-synuclein inclusions
in the peripheral autonomic and enteric nervous systems. It has been proposed that the initial α-synuclein aggregation may in
some PD patients originate in peripheral nerve terminals and then spread centripetally to the spinal cord and brainstem. In vivo
imaging methods can directly quantify the degeneration of the autonomic nervous system as well as the functional consequences
such as perturbed motility. Here, we review the methodological principles of these imaging techniques and the major findings in
patients with PD and atypical parkinsonism.
Recent Findings Loss of sympathetic and parasympathetic nerve terminals in PD can be visualized using radiotracer imaging,
including 123I-MIBG scintigraphy, and 18F-dopamine and 11C-donepezil PET. Recently, ultrasonographical studies disclosed
reduced diameter of the vagal nerves in PD patients. Radiological and radioisotope techniques have demonstrated dysmotility
and prolonged transit time throughout all subdivisions of the gastrointestinal tract in PD. The prevalence of objective dysfunction
as measured with these imaging methods is often considerably higher compared to the prevalence of subjective symptoms
experienced by the patients.
Summary Degeneration of the autonomic nervous system may play a key role in the pathogenesis of PD. In vivo imaging
techniques provide powerful and noninvasive tools to quantify the degree and extent of this degeneration and its functional
consequences.
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Introduction

Parkinson’s disease (PD) is a multisystem neurodegenerative
disorder with early and widespread involvement of the auto-
nomic and enteric nervous systems [1••]. A substantial frac-
tion of PD patients experience genitourinary and gastrointes-
tinal symptoms years or even decades prior to diagnosis [2–4].
Inclusions, consisting ofmisfolded and aggregatedα-synucle-
in, have been detected in sympathetic and parasympathetic
nerve fibers and throughout the gastrointestinal canal in man-
ifest and premotor PD patients [5–9]. It has been suggested

that α-synuclein aggregation initially starts in nonmyelinated,
hyperbranched axons and terminals of the autonomic nerves,
and then spreads by axonal transport to the central nervous
system. This hypothesis offers an attractive explanation for the
abundance of α-synuclein pathology observed in both sym-
pathetic and parasympathetic neurons [10, 11].

Functional imaging presents powerful and noninvasive op-
portunities for exploring the consequences of autonomic de-
nervation in movement disorders. Direct measures of sympa-
thetic and parasympathetic nerve terminal degeneration can be
obtained by positron emission tomography (PET) and gamma
camera methodology. Other imaging techniques can quantify
the functional consequences of autonomic degeneration.
Delayed gastric emptying, esophageal and intestinal
dysmotility, and anorectal dysfunction are all amenable to
quantification by radioisotope and radiological imaging
methods. Here, we review the methods for direct imaging of
autonomic nervous system degeneration, as well as the func-
tional consequences in the context of PD and atypical move-
ment disorders.
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The Autonomic Nervous System

The autonomic nervous system comprises three major divi-
sions: the sympathetic, parasympathetic, and enteric nervous
systems [1••]. The efferent outflow of the sympathetic and
parasympathetic system is organized in serial two-neuron ar-
rangements. The preganglionic neurons of the sympathetic
system are located in four major nuclei of the intermediate
zone of the T1 to L2 spinal cord levels, with the
intermediolateral cell column (IML) being the most important
contributor of sympathetic efferent outflow [12]. The pregan-
glionic sympathetic fibers project to the cell bodies of post-
ganglionic neurons residing in the prevertebral and paraverte-
bral ganglia. The preganglionic neurons thereby provide the
only connecting link between the central and peripheral sym-
pathetic systems [1••]. The often very long axons of the post-
ganglionic neurons then project to end effector organs
throughout the body. All postganglionic sympathetic neurons
release noradrenaline at their synapses, except for the well-
known exceptions of sweat glands, adrenal medulla, and the
kidney.

The preganglionic neurons of the parasympathetic nervous
system are located in several brainstem nuclei and the sacral
parasympathetic nucleus of sacral spinal segments S2 to S4.
The dorsal motor nucleus of the vagus (DMV), located in the
medulla oblongata, contributes the most significant part of
visceral motor efferents and innervates the thoracic and most
abdominal organs, including the gastrointestinal tract to the
level of the proximal transverse colon. The sacral parasympa-
thetic nucleus innervates pelvis organs and the distal colon
and rectum. Postganglionic parasympathetic ganglia are most-
ly embedded within target organs giving rise to short and
localized postganglionic fiber end fields. Both pre- and post-
ganglionic parasympathetic neurons are cholinergic.

The enteric nervous system is a distributed system of intra-
mural neuronal ganglia of the gastrointestinal tract. The enter-
ic nervous system displays a high degree of autonomy but is
also modulated to varying degrees by sympathetic and para-
sympathetic input [13, 14].

Imaging the Sympathetic Nervous System

The presence of pathological α-synuclein (α-syn) inclusions
in the IML is an almost ubiquitous finding in PD patients [5,
15–17], and it may be among the earliest sites affected by the
pathology [15, 18]. Several studies have reported that more
severe pathology is often seen in the peripheral sympathetic
ganglia as compared to the IML, suggestive of a peripheral-to-
central propagation process [15, 19].

In multiple system atrophy (MSA), the IML very frequent-
ly shows marked degeneration and cell loss [20, 21], whereas
the postganglionic system is mostly spared. Nevertheless,

some authors did report the involvement of the postganglionic
neurons [22, 23], and in six of 15MSA patients, the number of
tyrosine hydroxylase-immunoreactive cardiac nerve fibers
was also slightly to moderately reduced [24].

Postmortem studies of cases with progressive supranuclear
palsy (PSP) disclosed consistent involvement of the cervical
and thoracic spinal cord, but no cell loss was seen in the IML
[25, 26]. Also, no neurofibrillary tau tangles were seen in
peripheral sympathetic ganglia of eight PSP cases [27], and
tyrosine hydroxylase-immunoreactivity in cardiac nerve fibers
was similar to healthy controls [28].

The sympathetic postganglionic nerve terminals are most
c ommon l y a s s e s s e d i n v i vo u s i n g 1 2 3 I -me t a -
iodobenzylguanidin (MIBG) cardiac scintigraphy. Less com-
monly used imaging methods include 18F-fluorodopamine
and 11C-meta-hydroxyephedrine (HED) positron emission to-
mography (PET). In similarity to MIBG, these tracers are
stored in vesicles of noradrenergic terminals [29, 30].

MIBG scintigraphy has been used for decades to image the
loss of cardiac innervation in PD and has been the subject of
several recent reviews [31–33]. Early (15 min) and late (3–
4 h) MIBG static images are obtained using a gamma camera,
and heart-to-mediastinum (H/M) ratios are calculated on these
images. The H/M ratio difference between the early and late
images allows estimation of tracer delivery and vesicular stor-
age [34].

A remarkable loss of cardiac signal is evident in most PD
patients (Fig. 1). Indeed, to our knowledge, no other neuro-
transmitter system displays such fulminant loss of innervation.
In total, 80–90% of PD and DLB patients have pathological
MIBG scintigraphies, but 40–50% of de novo Hoehn and
Yahr stage I PD patients still have H/M ratios within normal
limits [33, 35–38]. However, at Hoehn and Yahr stage III,
nearly all PD patients show profound loss of MIBG signal
[39, 40]. Using 18F-dopamine PET, Goldstein and colleagues
have shown that the initial denervation occurs in the lateral
wall of the left ventricle, subsequently followed by degenera-
tion of the septum (Fig. 2) [41]. Increasing H/M ratios from
the early to late time points are seen in healthy subjects. In
contrast, most PD and DLB patients show declining H/M
ratios, which signifies progressive dysfunction and loss of
vesicular storage capacity in surviving neurons [42, 43].
Lately, it has been shown that 3D tomographical MIBG im-
aging improves the diagnostic accuracy, as it allows sensitive
detection of the initial denervation in subregions of the myo-
cardium [44–46].

Tremor-predominant PD patients generally show more
conserved cardiac MIBG uptake compared to the akinetic-
rigid phenotype [47]. In contrast, PD patients with clinical
REM sleep behavior disorder (RBD) have significantly more
pronounced loss of MIBG uptake than PD patients with sub-
clinical RBD or without RBD [48, 49]. Nearly all patients
with idiopathic RBD, most of whom go on to develop PD or
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DLB [50], show pathological levels of cardiac MIBG uptake,
which is comparable to that of Hoehn andYahr stage III–VPD
patients [40, 51, 52]. This observation strongly suggests that
cardiac sympathetic denervation happens very early during
the prodromal phase of RBD-positive PD and DLB patients.
In general, studies of the association between cardiac dener-
vation and disease stage have shown mixed results with some
studies showing a negative correlation between cardiac MIBG
signal and Hoehn and Yahr stage and with progressive
UPDRS motor scores, whereas other studies failed to detect
such correlations [31]. These studies did not control for im-
portant phenotypical characteristics such as RBD status or
tremor- vs. akinetic-rigid dominant subtypes of PD. It seems
probable that degeneration of the peripheral autonomic ner-
vous system is driven more by these phenotypes than by dis-
ease stage defined strictly by motor symptom progression.

Symptoms of dysautonomia including orthostatic hypoten-
sion correlate poorly with cardiac MIBG uptake. Early PD
cases with abnormal MIBG uptake often do not present with
orthostatic hypotension [53–55]. An early fluorodopamine
PET study reported markedly decreased myocardial uptake
in all PD patients with orthostatic hypotension, whereas 50%
of patients without orthostatic hypotension showed some
fluorodopamine retention mostly in the septum [41]. This
finding suggests a potential association between the sympa-
thetic imaging markers and orthostatic hypotension but only is
discernible when 3D tomographic techniques are applied.

Patients with atypical parkinsonism, including MSA, PSP,
and CBD, most often exhibit normal or near-normal cardiac
sympathetic imaging [35, 42]. Cardiac MIBG uptake is de-
creased in 10–20% of MSA subjects, possibly explained by

slight to moderately decreased number of tyrosine
hydroxylase-immunoreactive cardiac nerve fibers in some
MSA cases at postmortem [39, 56]. Some studies reported
that nearly all PSP patients show normal cardiacMIBG uptake
[56], whereas others reported that significant fractions of PSP
populations show decreased MIBG uptake [31, 39]. Recent
meta-analyses reported pooled sensitivity and specificity esti-
mates of ~ 85% for separating PD from atypical movement
disorders [57, 58].

It should be remembered that loss of sympathetic cardiac
innervation is not specific to PD. Many patients with diabetic
neuropathy also develop cardiac autonomic neuropathy [59].
Patients with chronic heart failure often display markedly re-
duced cardiac MIBG signal [60]. Also, several types of med-
ications interfere with cardiac MIBG uptake, including phen-
ylephrine, labetolol, cocaine, some antidepressants, and other
drugs [61]. It is mandatory to abstain from these medications
before cardiac MIBG imaging.

Imaging the Parasympathetic Nervous
System

The parasympathetic nervous system is probably affected very
early on in most cases of PD. Pathological α-synuclein inclu-
sions are found in the DMV in the majority of PD patients
[62], and approximately 50% of DMV neurons are lost during
the cause of the disease [63, 64]. α-Synuclein aggregates can
be found in vagal efferents of internal organs [65–67], includ-
ing the myenteric and submucosal plexus of the gastrointesti-
nal tract [68–70]. A rostrocaudal gradient of α-synuclein

Fig. 1 123I-MIBG SPECT/CT
images of the heart. a Healthy
control subject with normal
cardiac uptake. b Parkinson’s
disease patient with decreased
cardiac uptake. [H = heart]

Fig. 2 18F-dopamine PET images
of the heart. a Normal cardiac
uptake in a healthy control
subject. b Regionally decreased
uptake in the lateral wall but
conserved septal uptake of an
early-stage PD patient. c Globally
reduced uptake in a PD patient.
[18F-dopamine images provided
with courtesy of Professor David
S. Goldstein, NIH]
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pathology has been reported throughout the gastrointestinal
canal [6, 71], and it has been suggested that this distribution
parallels the density of efferent vagal innervation [72].

The dual-hit hypothesis suggests that α-synuclein patholo-
gy initially forms in the olfactory bulb and the autonomic
nerve endings of the gastrointestinal mucosa, and then spreads
by retrograde axonal transport through the vagus to the DMV
and possibly through the sympathetic pathways to the IML
[11, 73, 74]. This idea gained some support from two recent
epidemiological studies showing that truncal vagotomy may
reduce the risk of PD by 40–50% [75, 76]. Also, α-synuclein
inclusions have been detected in gastrointestinal tissues of PD
patients up to 20 years prior to the time of diagnosis [7, 9, 77].
Despite the realization that the parasympathetic branch of the
autonomic nervous system may be crucial to our understand-
ing of early PD pathogenesis, very little work has been done to
develop appropriate imaging markers of this system. An im-
portant obstacle to the development of parasympathetic imag-
ing markers is the lack of specific binding targets. The pre-
and postganglionic parasympathetic neurons are cholinergic,
but so are approximately 70% of the 100 million neurons of
the enteric nervous system [78].

Measurements of acetylcholinesterase (AChE) activity have
been used for decades to assess cholinergic nerve fiber density
including parasympathetic fibers in histological studies
[79–81]. More recently, immunohistochemical detection of
the vesicular acetylcholine transporter (VAChT) has become a
preferred method for specific labeling of cholinergic neurons.

We recently validated the PET tracer [11C]donepezil for
in vivo quantification of AChE density in peripheral organs
and demonstrated that the pattern of [11C]donepezil binding
approximates vagal innervation of internal organs. This PET
tracer shows no biliary excretion of radiometabolites during a
1-h PET scan, which is an important requisite for quantifying
binding to AChE in the upper gastrointestinal tract [82].

So far, two [11C]donepezil PET studies of PD patients have
been published. In the first study, 12 early- to moderate-stage
PD patients showed a marked [11C]donepezil standard uptake
value reduction in the small intestine (35%) and pancreas
(30%) in comparison to healthy controls [83] (Fig. 3). In the
second study, 19 newly diagnosed PD patients (disease dura-
tion 1.5 years) exhibited a somewhat less pronounced de-
crease in the small intestine (14%), no significant decrease
in the pancreas, but a highly significant 22% decrease in the
colon [84]. Based on these two cross-sectional studies, we
hypothesized that the initial [11C]donepezil signal decrease
is seen in the colon and small intestine during the prodromal
phase, followed by progressive involvement of the pancreas
after the time of diagnosis [84]. Recently, we showed that 22
patients with idiopathic RBD had significantly decreased
[11C]donepezil values in the small intestine and colon com-
pared to healthy controls, but again no significant decrease
was seen in the pancreas [85••]. This observation largely

confirmed our prediction and demonstrates that the choliner-
gic innervation of the intestine is progressively damaged dur-
ing the prodromal phase of PD, whereas pancreatic denerva-
tion probably manifests during the motor phase.

Interestingly, histological studies of the small and large
intestine of guinea pigs and humans have shown that 70–
90% of α-synuclein-positive varicosities colocalize with the
cholinergic marker VAChT (vesicular acetylcholine transport-
er), whereas far fewer varicosities colocalize with other major
neurotransmitter systems including 5-HT and tyrosine hy-
droxylase [86, 87]. These observations suggest that choliner-
gic nerve terminals of the enteric and autonomic nervous sys-
tems may be particularly vulnerable to α-synuclein-related
damage, and by extension, that cholinergic PET markers such
as [11C]donepezil may be optimal to track progressive damage
to the autonomic nervous system of the gut.

Recently, ultrasonography was used for the first time to
study the vagus nerve size on the neck in PD patients (disease
duration 5 years) [88•]. The cross-sectional areas of both the
right and left vagus nerves were significantly decreased in PD
patients compared to controls. Near-significant inverse corre-
lations were seen between vagal size and Hoehn and Yahr
stage (p = 0.06) and also with total gastrointestinal dysfunc-
tion score on the SCOPA-AUT questionnaire (p = 0.06). This
ultrasonographical marker separated PD from controls with
75–80% sensitivity and specificity and provides independent
in vivo evidence that the parasympathetic system is markedly
affected in PD.

Fig. 3 11C-donepezil PET/CT images in a healthy control subject (a) and
a PD patient (b). Note the visually apparent decreased signal in the small
intestine. [S = small intestine, L = liver, P = pancreas]
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In Vivo Staging of Multiple Pathologies
in Prodromal PD

Using the methods reviewed above in combination with other
radioisotope and magnetic resonance imaging (MRI) imaging
markers, it is now possible to perform comprehensive in vivo
staging of neuronal pathologies related to separate Braak
stages. In a multimodality imaging study, we compared idio-
pathic RBD patients with PD patients and healthy controls
[85••]. We used [11C]donepezil PET to assess cholinergic
(parasympathetic) gut innervation, [123I]MIBG to measure
cardiac sympathetic innervation, neuromelanin-sensitive
MRI to measure integrity of pigmented neurons of the locus
coeruleus [89], and 18F-dihydroxyphenylalanine (DOPA)
PET to assess nigrostriatal dopamine storage capacity. The
RBD patients displayed fully developed pathology, at the level
of diagnosed PD patients, in the parasympathetic and sympa-
thetic nervous systems, and the pigmented cells of the locus
coeruleus. In contrast, 70% of RBD subjects had normal
FDOPA PET scans of the dopamine system. These findings
support that the autonomic nervous systems show early and
marked pathology in the prodromal phase of PD at a time
where the dopamine system is mostly intact.

Interestingly, a previous study reported that RBD patients
display more significant reductions in cardiac MIBG signals
compared to Hoehn and Yahr stage I–II PD patients [40], and
in our study, the RBD patients also seemed to show larger
reductions in the [11C]donepezil signal of the gut compared
to early-stage PD. These observations suggest that the RBD-
positive phenotype is characterized by more severe denerva-
tion of the autonomic nervous system. In support, a recent
study showed that 64% of RBD-positive PD patients exhibit-
ed phosphorylated α-synuclein pathology in the colon com-
pared to only 13% of RBD-negative PD patients [90•].

Functional Imaging of the GI Tract

Oropharynx and Esophagus

The specific pathophysiological mechanism of dysphagia is
still unknown, but basal ganglia dysfunction leading to pha-
ryngeal ridigity and bradykinesia, and peripheral motor and
sensory pharyngeal nerve pathology may be causative factors
[91]. In the esophagus, dysmotility is most likely caused in
part by vagal denervation [92].

In PD, the prevalence of subjectively perceived dysphagia
symptoms varies greatly across studies with a pooled estimate
of 35% [93–95]. Objectively measureable dysfunction is gen-
erally more frequent, and the presence of drooling and dys-
phagia increases the risk of aspiration and respiratory infection
[96].

Dysphagia can be quantified with several different imaging
methods. Fluoroscopic barium studies can assess swallowing
and oropharyngeal transit time by means of continuous X-ray
after ingestion of a barium-containing liquid or solid meal
[97]. Studies using this methodology reported dysfunction of
both oral, pharyngeal, and esophageal phases in up to 91% of
PD patients [98, 99]. Pharyngeal constriction dysfunction was
reported in 42 and 30% of PD patients in two individual stud-
ies, although the predominant feature in the study by Ellerston
and colleagues was delayed airway closure with a prevalence
of 62% [98, 100]. Another study used multichannel
intraluminal impedance manometry (MII) to evaluate
pharyngoesophageal function and found esophageal motility
and transit abnormalities in up to 67% of PD cases. Also, 95%
of 65 PD patients displayed esophageal manometric peristalsis
dysfunction [101], and importantly, manometric abnormalities
were seen in up to 47% of PD patients with no or only mild
dysphagia symptoms [102]. This was supported in a small
study using barium-swallow methodology, which showed no
correlation between barium-swallow scores and self-reported
dysphagia in PD patients [103]. Recently, a study of 184 PD
patients proposed videofluoroscopic swallowing as a predic-
tor of poor prognosis, since oropharyngeal dysfunction was
found to be associated with the development of aspiration
pneumonia detected in 25 patients [104].

Radioisotope scintigraphy can also be used to evaluate
dysphagia. Here, transit times through the oropharyngeal
and esophageal regions are evaluated from time-activity
curves subsequent to gamma camera recording of an ingested
radiolabeled liquid or solid meal. Limited data has been pub-
lished in PD patients, but one study showed significantly de-
layed esophageal transit time in an early to moderate disease
stage patient group compared to control subjects. Also, all 18
PD patients displayed objective scintigraphic or EMG dys-
function in a study by Potulska and colleagues, even though
subjective dysphagia symptoms were present in only 13 pa-
tients [105].

Dysphagia symptoms have been reported in up to 73% of
MSA patients and are also considered characteristic features
of patients with PSP and CBD, although based on very limited
data [103, 106, 107]. Studies of objective dysphagia in these
rare disorders are scarce but generally report a high prevalence
of dysfunction. Two barium-swallow studies in PSP patients
reported abnormalities in up to 70%, especially in the oral and
pharyngeal phase [103, 108]. In MSA patients, esophageal
food stagnation was seen in 16/16 patients [109], and a larger
study of 59 MSA patients reported videofluoroscopic abnor-
malities in the majority of participants withMSA-P andMSA-
C subtype differences [107]. Also, CBD patients displayed
marked barium-swallow abnormalities in 23 of 24 patients,
specifically related to multiple swallows to clear a single bo-
lus. This patient group did not report aspiration, and subjective
symptoms did not predict objective results [106].
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In summary, both subjective dysphagia symptoms and ob-
jective dysfunction are frequent in PD, with esophageal
dysmotility being the most prevalent feature. In addition, atyp-
ical parkinsonian patients also seem to show severe symptom-
atic and objective abnormalities, mainly related to oral and
pharyngeal regions and with potential disease-specific differ-
ences. In general, limited association is seen between subjec-
tive and objective measures, which seems to be the case across
all parkinsonian disorders.

Stomach

Gastric emptying is regulated by vagal innervation and the
enteric nervous system as well as by a range of hormones
[110]. The pacemaker cells of Cajal provide autonomous reg-
ulation of motility, but the central nervous system also influ-
ences gastric functions including contractions, volume, and
acid secretion [111]. Thus, dysregulation of gastric mechani-
cal function can be caused by multiple factors, but the exact
underlying pathophysiology related to PD remains unknown.

Patients with PD report a range of subjective symptoms
probably associated with gastroparesis and gastric dysfunc-
tion. The prevalence of gastroparesis symptoms in PD such
as bloating, nausea, and vomiting is up to 50%, but prevalence
estimates vary greatly across studies [110, 112].

The gold standard method for objectively assessing gastric
emptying time (GET) is gastric scintigraphy subsequent to
ingestion of a radioactive standard solid meal [113].
Scintigraphic GET evaluation in PD was recently reviewed
in detail [114]. In short, only a modest delay was seen in PD
patients compared to control subjects, and substantial

heterogeneity and methodological differences were seen
across studies. An early study showed significantly prolonged
GET in PD patients with both fluctuating and nonfluctuating
motor symptoms compared to controls, but data from another
study did not confirm this finding [115, 116]. Another study
reported reduced emptying time in PD compared to controls
although these PD patients were examined after withdrawal of
anti-parkinsonian medication [83]. However, Hardoff et al.
did not detect differences in GET between treated and untreat-
ed PD patients, which questions the purported influence of
levodopa treatment on mechanical stomach emptying [117].
Several studies showed a wide range in reported emptying
time within PD patient groups, and also, no firm associations
have been described between scintigraphic GET and
gastroparesis symptoms or medication status [114, 117, 118].

The recent meta-analysis also compared scintigraphic GET
data with outcomes from 13C-sodium breath test studies, an
indirect measure of GET [114]. In short, ingested 13C-sodium
is emptied from the stomach, absorbed in the jejunum, metab-
olized in the liver, and expired from the lungs as 13CO2. The
concentration of the end product is measured and mathemat-
ically converted to a GET estimate [119]. On these breath test
measures, PD patients generally show a more severe and
marked delay of GET, which was not evident in scintigraphic
studies. Given the fact that breath tests are also dependent on
other physiological mechanisms like intestinal absorption and
liver metabolization, it must be questioned whether the breath
test is a valid marker of mechanical gastric emptying [114]. Of
note, studies have reported decreased small intestinal absorp-
tion in PD using sugar absorption tests. Abnormal intestinal
permeability could in part explain the differences seen be-
tween scintigraphy and breath test GET [120, 121].We recent-
ly used a magnetic tracking system that generates capsule
position and orientation graphs, and here we also saw no dif-
ference in GET when comparing PD patients and controls
[122]. On the other hand, functional MRI of stomach motility
was able to detect significantly decreased amplitude of peri-
staltic contractions in PD subjects [123]. In summary, stan-
dardized multimodality studies are clearly warranted to disen-
tangle the relative contributions of gastric dysmotility and
intestinal absorption to upper gastrointestinal dysfunction.

Very few studies have investigated GET disturbances in
atypical parkinsonian disorders. A study of 25 MSA patients
used 13C-sodium breath tests and showed significantly de-
layed GET compared to controls [124] . This finding was
corroborated in a scintigraphic study of 12 MSA patients
[125].

Small Intestine

Very limited data has been published on small intestinal func-
tion in PD and other parkinsonian disorders. Small intestinal

Fig. 4 Abdominal CT scan of a patient with Parkinson’s disease. Red
arrow indicates a radio-opaque marker in the small intestine 24 h after
ingestion as a sign of prolonged small intestinal transit time. Colon
segments are highlighted with green and blue lines
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bacterial overgrowth is a prevalent feature of PD, but the un-
derlying causes are not well understood [93].

In a recent study, gastrointestinal transit time was evaluated
in PD using the radio-opaque marker (ROM) technique
[126•]. Using CT, it was possible to analyze individual intes-
tinal segments, and retained markers were seen in the small
intestine in five of 24 PD patients 24 h after ingestion of the
last markers (Fig. 4). This observation indicates that small
intestinal dysfunction to some extent is present in early to
moderate disease stage PD patients. In support, 22 patients
in this PD group were examined using a magnetic tracking
system, which measures GI segmental passage. This method
also showed significantly increased small intestinal transit
time in the PD group compared to controls [122].
Furthermore, a study by Dutkiewicz and colleagues

investigated small bowel transit time using serial SPECT
scans after ingestion of a 99mTc-containing capsule [127].
Here, orocecal transit time of more than 4 h was seen in
7/10 PD patients compared to < 4 h in all 10 control subjects.

It has been proposed that nonabsorbed tablets can be de-
tected on a CT scan as a sign of small intestinal dysfunction
and malabsorption [128]. However, a recent CT study identi-
fied unabsorbed tablet residues in only two of 32 examined
PD patients, suggesting that such medication malabsorption is
not a frequent problem in early- to moderate-stage PD [126•].

In summary, the available data suggest that small intestinal
dysfunction may be a common feature in PD, but more studies
are needed.

Colon

In PD, constipation symptoms are among the most frequently
reported GI nonmotor symptoms, and they often present at the
early premotor stage of the disease [3, 129, 130]. The exact
underlying mechanisms remain unclear, but cell loss and α-
synuclein pathology are seen in both the parasympathetic va-
gal neurons innervating the upper colon and the neurons of the
intermediolateral cell column innervating the lower third of
the colon [67, 68, 131]. Also, studies have shown increased
permeability, positive fecal markers of intestinal inflamma-
tion, and changes in the intestinal microbiota in PD [120,
132•, 133]. The symptom prevalence is on average 50%, but
substantial variation in constipation prevalence is seen be-
tween studies. It was recently reported that more than 10 dif-
ferent constipation symptom definitions have been used in the
PD literature, which probably contributes to the variable find-
ings [134]. Thus, objective markers of colonic function may
be a more accurate measure of intestinal involvement in PD.

As previously described, colonic transit time (CTT) can be
evaluated by the use of ROM methods. A planar X-ray image

Fig. 5 Abdominal X-ray image of
retained radio-opaque markers
(ROM) as a measure of colonic
transit time (CTT). aNormal CTT
(12 ROM). b Severely delayed
CTT (56 ROM)

Fig. 6 Number of retained radio-opaque markers (ROM). Pooled data for
healthy control subjects (HC) and patients with Parkinson’s disease (PD)
from four studies [126•, 135–137]. Dashed line indicates the optimal
cutoff score for delayed colonic transit time of 28 ROM
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is performed 24 h subsequent to ingestion of the last capsule,
and the number of retained ROM determined and converted to
a transit time estimate [135] (Fig. 5). The literature on CTT in
PD was recently reviewed in detail [134]. Figure 6 depicts
pooled PD and control ROM data, derived from four different
CTT studies, which used identical methodology [126•,
135–137]. An optimal cutoff score of 28 ROM yielded a sen-
sitivity of 84% and specificity of 88% for separating patients
and controls.

One study showed noCTT difference in PD patients on and
off levodopa treatment, respectively. This indicates that colon-
ic dysfunction is predominantly related to disease involve-
ment rather than medical treatment, although this needs to
be confirmed in future studies [138]. Also, it has been reported
that CTT and subjective constipation symptoms as well as
number of weekly bowel movements do not correlate in PD
patients [134, 139].

By means of CT scans, the segmental distribution of ROM
in the colon can be accurately assessed. A uniform distribution
throughout the colon indicates slow transit constipation as op-
posed to predominant accumulation in the descending and
rectosigmoid colon, which indicates outlet obstruction consti-
pation [140]. This distinction is of some relevance, as a large
proportion of PD patients report straining for defecation and are
known to suffer from anorectal dysfunction such as dyssynergic
defecation [141–144]. Several studies of CTT in PD report a
tendency toward delayed transit in the more distal colonic seg-
ments rather than general slow transit [126•, 138, 142, 145].

In addition to the ROM technique, colonic volume can be
defined on CT or MRI scans and has been proposed as a
measure of colonic function [126•, 146]. We recently reported
significantly increased colonic volume in a group of 32 PD
patients, especially pronounced in the more distal colonic seg-
ments (Fig. 7).

The literature on colonic function in atypical parkinsonian
disorders is scarce. Constipation has been reported in 55–87%
of MSA patients [147, 148]. One small study employed the
ROM technique and reported significantly delayed total and

rectosigmoid CTT in 14 of 15 MSA patients, compared to
controls [149]. This indicates that not only constipation symp-
toms but also objectively measurable dysfunction is a com-
mon feature of MSA, although more data are needed.

Anorectal

Up to 83% of PD patients report straining for defecation, and
anorectal complications are among the most frequently self-
reported constipation symptoms in this patient group [141,
144, 150]. This indicates that outlet obstruction constipation
may be more prevalent than slow transit constipation.

Defecography subsequent to rectally instilled barium con-
trast medium is a commonly used technique for evaluating
anorectal function, where pelvic floor muscle relaxation, emp-
tying rate, and rectal prolapse are assessed on serial X-ray
images. Associated anorectal manometry and electromyogra-
phy (EMG) can provide information on anorectal pressure and
contractile function of the puborectalis muscle [140, 150].

Defecography studies have in general reported increased
rectal widening, dysfunction of the puborectalis muscle, and
increased postdefecation residual volume in PD patients [142,
145, 151, 152]. Also, two studies reported incomplete empty-
ing in about half of the patients, even though this was not
evident in PD patients in the off-medication state [143, 150].
In addition, two studies found puborectalis contraction and
sphincter muscle abnormalities during straining [142, 143].
Anorectal angle differences between rest and straining corre-
lated with CTT, and thus, it has been suggested that delayed
CTT may partly be caused by pelvic floor dyssynergia [145].

Distinct EMG anal sphincter abnormalities and dysfunc-
tion are seen in both MSA and PSP, and although some PD
patients can resemble MSA patients, sphincter abnormalities
are most commonly seen in later-stage PD [153]. Thus, it has
been proposed that severe involvement during the first 5 years
of symptom onset can potentially differentiate MSA from PD
[154]. Libelius and colleagues showed EMG dysfunction in
up to 75% of MSA patients, and Stocchi et al. reported

Fig. 7 a Segmental colonic
volume defined on an abdominal
CT scan. Yellow outlines
ascending, blue transverse, and
green descending part of the
colon. b 3D colonic volume in a
representative healthy control
subject (left) and a typical
Parkinson patient (right)

79 Page 8 of 13 Curr Neurol Neurosci Rep (2018) 18: 79



reduced resting anal and maximal contraction pressure in
about half of the MSA group [153]. In a comprehensive
videomanometry study, dysfunction was reported in 93% of
MSA patients, including significant abnormalities in anal
pressure during squeezing, phasic rectal contraction, and re-
sidual feces compared to controls [149]. Thus, anorectal dys-
function appears to be a prevalent feature in MSA, although
based on limited data.

Conclusions

Radioisotope-based imaging techniques can noninvasively es-
timate the progressive involvement of the autonomic nervous
system in PD and other movement disorders. Nearly all late-
stage PD patients exhibit marked sympathetic denervation on
cardiac 123I-MIBG scintigraphy, whereas most patients with
atypical parkinsonism have normal MIBG uptake. 11C-
donepezil PET studies have disclosed a clear loss of intestinal
signal in prodromal PD and in manifest PD cases, which is
most likely explained by progressive parasympathetic dener-
vation. Recently, ultrasonography has also demonstrated sig-
nificant reduction in the size of the cervical vagus nerves in
PD patients.

Alternative imaging methods have demonstrated dysfunc-
tion in all parts of the gastrointestinal canal in PD, but very
few studies have explored gastrointestinal dysfunction in
atypical movement disorders.

In PD, objective dysfunction as measured with imaging
methods is considerably more frequent than subjective gastro-
intestinal symptoms. Relying solely on subjective symptoms
in PD research may therefore underestimate the degree and
extent of gastrointestinal involvement. Thus, objective imag-
ing markers of autonomic degeneration and its functional con-
sequences hold potential to improve our understanding of PD
pathophysiology and the identification of distinct PD subtypes
characterized by differential involvement of different neuro-
transmitter systems.
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