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Abstract

Recognition of the importance of nonmotor dysfunction as a component of Parkinson’s disease has exploded over the past three
decades. Autonomic dysfunction is a frequent and particularly important nonmotor feature because of the broad clinical spectrum
it covers. Cardiovascular, gastrointestinal, urinary, sexual, and thermoregulatory abnormalities all can appear in the setting of
Parkinson’s disease. Cardiovascular dysfunction is characterized most prominently by orthostatic hypotension. Gastrointestinal
dysfunction can involve virtually all levels of the gastrointestinal tract. Urinary dysfunction can entail either too frequent voiding
or difficulty voiding. Sexual dysfunction is frequent and frustrating for both patient and partner. Alterations in sweating and body
temperature are not widely recognized but often are present. Autonomic dysfunction can significantly and deleteriously impact
quality of life for individuals with Parkinson’s disease. Because effective treatment for many aspects of autonomic dysfunction is
available, it is vitally important that assessment of autonomic dysfunction be a regular component of the neurologic history and
exam and that appropriate treatment be initiated and maintained.
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Introduction

Recognition of the role of nonmotor features in Parkinson’s
disease (PD) has increased exponentially over the past 30 years,
and autonomic dysfunction has emerged as an important aspect
of nonmotor dysfunction, evident in both the early and later
stages of PD. Autonomic dysfunction in PD covers a broad
spectrum that includes cardiovascular, gastrointestinal, urologi-
cal, sexual, and thermoregulatory dysfunctions (Table 1). Early
surveys suggested the widespread presence of autonomic dys-
function in PD [1], and this has been confirmed by subsequent-
ly larger and more sophisticated studies [2]. Autonomic dys-
function can be present at all stages of PD. In one study in
which 112 patients with early (Hoehn/Yahr stage 1) PD were
enrolled, at least one autonomic symptom already was evident
in 71% at the baseline examination and in 100% 3 years later
[3]. Recent studies suggest that earlier development of
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autonomic dysfunction in PD is associated with more rapid
disease progression and shorter survival time [4, 5]. Both sym-
pathetic and parasympathetic involvements are present in PD,
and pathology involves both peripheral and central components
of the autonomic nervous system [6].

A variety of scales have been developed and validated to
assess nonmotor dysfunction in PD and include questions re-
garding autonomic function. The Non-Motor Symptoms
Questionnaire (NMSQuest) is used for screening purposes,
whereas the Non-Motor Symptoms Scale (NMSS) is designed
to assess nonmotor symptom burden [7]. The Scales for
Outcomes in Parkinson’s Disease-Autonomic (SCOPA-
AUT) specifically addresses autonomic dysfunction in PD
and is perhaps the most frequently used scale for this purpose.
Other scales have been developed for the assessment of indi-
vidual features of autonomic dysfunction but, generally, have
not been validated specifically for PD [8, 9]. The Movement
Disorder Society-Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS) contains questions pertaining to autonomic
dysfunction, some of which correlate well with the SCOPA-
AUT [10]. The NINDS Common Data Elements
(www.commondataelements.ninds.nih.gov>Parkinson’s) is a
source for additional information regarding scales for the as-
sessment of various features of PD, including autonomic dys-
function [11].
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Table 1 Clinical
manifestations of
autonomic dysfunction
in Parkinson’s disease

Cardiovascular dysfunction
Orthostatic hypotension
Supine hypertension
Postprandial hypotension

Gastrointestinal dysfunction
Excessive saliva/drooling
Dysphagia
Gastroparesis
Small intestinal dysfunction

Slowed transit
Small intestinal bacterial overgrowth
Bowel dysfunction

Decreased frequency/slow transit
constipation

Defecatory dysfunction
Urinary dysfunction
Overactive bladder symptoms

Underactive/obstructive bladder
symptoms
Sexual dysfunction

Erectile dysfunction

Decreased libido

Restless genital syndrome
Thermoregulatory dysfunction

Heat/cold intolerance

Hyperhidrosis/hypohidrosis

Acute hyperthermia

Cardiovascular Dysfunction

Cardiovascular autonomic dysfunction in PD may be character-
ized by both preganglionic (baroreflex failure) and postgangli-
onic (sympathetic denervation) lesions, and it is the combination
of these two that leads to the development of neurogenic ortho-
static hypotension (nOH) in patients with PD [12]. Cardiac sym-
pathetic denervation clearly is evident in PD [13] and can be
visualized by both I'**-meta-iodobenzylguanidine (I'*-MIBG)
imaging [14] and "*fluoro-dopamine PET imaging [15], which
can be very useful in distinguishing between PD and multiple
system atrophy (MSA), since both I'**-MIBG imaging and
"®fluoro-dopamine PET imaging typically are normal in MSA
but abnormal in PD [15, 16]. Cardiac denervation by itself, how-
ever, does not appear to be responsible for the blood pressure
irregularities that characterize PD [12, 17, 18]. Cardiovascular
abnormalities described in PD include not only nOH but also
supine hypertension and postprandial hypotension.

Orthostatic Hypotension

Orthostatic hypotension (OH) has been defined by consensus
as a sustained decrease in systolic blood pressure of >

20 mmHg or in diastolic blood pressure of > 10 mmHg within
3 min of standing or at 60° or greater head-up tilt during
formal tilt table testing [19-21]. Some centers, when
performing tilt testing, utilize a systolic drop of >30 mmHg
and a systolic drop of > 15 mmHg as a cutoff because the tilt
table eliminates the muscle pumping action of the legs that
normally is present during active standing [21]. In routine
clinic settings, in which supine-to-standing pressure measure-
ments may not be practical, sitting-to-standing measurement
is a reasonable, though somewhat less sensitive, alternative in
which cutoff values of > 15 mmHg systolic and >7 mmHg
diastolic may be appropriate [22]. In some patients, the drop in
blood pressure and consequent symptoms do not occur within
the first 3 min after standing, but develop later. This is labeled
delayed OH and may be a precursor to the eventual develop-
ment of classic OH [20, 23].

OH can be produced by non-neurogenic factors such as
hypovolemia, cardiac pump failure, or vasodilating and di-
uretic medications. However, in PD, neurogenic OH (nOH)
typically is present, with inadequate neurocirculatory re-
sponses to postural change due to baroreflex failure and im-
paired release of norepinephrine [20]. It is important to differ-
entiate between the two mechanisms, since treatment differs.
Perhaps the most practical distinguishing point is that in non-
neurogenic OH, the heart rate shows a pronounced increase
upon standing (> 15 bpm), whereas in nOH, any increase is
mild or absent [24]. Additional distinguishing features are
described by Palma and Kaufmann in their review [21].

Reports of the prevalence of OH in PD cover a wide range,
but a systematic review and meta-analysis have provided a
figure of 30% [25]. Although the prevalence of OH in PD
increases with age and disease duration [21], multiple studies
have documented that OH may first appear early in the course
of PD [26, 27]. It is important to remember that not all indi-
viduals with PD and nOH experience symptoms. In one study,
only one third of PD patients with documented nOH were
experiencing symptoms [28]; in another, 62% were [29].
Conversely, it has been reported that over 30% of individuals
with PD may experience orthostatic intolerance, in which they
display symptoms of OH without demonstrating changes in
blood pressure [30].

The most frequent symptom experienced by patients with
nOH is lightheadedness upon standing. This may be slight and
transient, or it may progress to the point of syncope; it can
appear shortly after standing or in a more delayed fashion.
Disturbances in vision; clouded thinking; pain involving the
head, neck, and shoulders (coat-hanger headache); low back
or buttock pain; shortness of breath; or simply a feeling of
lethargy all may be manifestations of nOH. Recurrent falling,
even without syncope or even lightheadedness, has been at-
tributed to nOH [24, 31]. It also has been suggested that nOH
confers an increased risk of the development of cognitive im-
pairment in individuals with PD [32] and that the mere

@ Springer



1466

Autonomic Dysfunction in Parkinson’s Disease

presence of nOH increases the risk of functional disability,
even if symptoms are not present [29].

Both nonpharmacologic and pharmacologic treatment ap-
proaches are employed in the treatment of nOH. Drugs that
may be precipitating or magnifying the orthostatic changes,
such as diuretics, vasodilators, tricyclics, and drugs that antag-
onize norepinephrine function, should be eliminated or have
their dosage reduced, if possible. Once that is done,
nonpharmacologic approaches should be considered before
any pharmacologic treatment is initiated. Liberalizing both
fluid and salt intake may be sufficient for some individuals.
Fluid intake should be maintained at 2 to 2.5 L/day [21].
Individuals with nOH should avoid activities and situations
that can increase body temperature, such as high-intensity
exercise, hot tubs or saunas, prolonged hot showers, and
prolonged exposure to high environmental temperature [24].
Methods to decrease venous pooling can be useful.
Compression stockings, when fitted properly, are effective
but can be uncomfortable to wear, and PD patients with motor
impairment may require assistance getting them on and off.
Knee-high stockings generally are ineffective; waist-high
stockings are effective, but poorly tolerated [24], with the
result that they often end up in the drawer rather than on the
patient. Because the splanchnic venous vascular bed accounts
for 20 to 30% of total blood volume and, thus, is the largest of
the body’s blood reservoirs [33], abdominal binders and com-
pression shorts are effective alternatives that are easier to uti-
lize and tolerate than compression stockings [20, 34].
Drinking two 8-0z glasses of cold water in quick succession
can elevate systolic pressure by 20 mmHg for 1-2 h and, thus,
can be employed prior to planned activities [35]. Actions that
increase total peripheral resistance, such as crossing the legs
and squeezing, standing up on the toes, or repetitively
contracting the gluteal muscles for 30 s, also can reduce
nOH [35]. Sleeping with the head of the bed elevated 30°
may reduce the risk of symptomatic nOH when first arising
in the morning.

Pharmacologic treatment of nOH, with the aim of increas-
ing intravascular volume or increasing vasomotor tone can be
employed when nonpharmacologic methods are insufficiently
effective (Table 2). Fludrocortisone has long been used to treat
nOH, typically at a dose of 0.1 mg once or twice daily.
However, particularly for the elderly, adverse effects can pose
difficulties [36]. Supine hypertension, especially at night, is a
potential complication of fludrocortisone therapy; therefore, if
a twice-daily regimen is being used, the last dose should be
given in the early afternoon. Fludrocortisone also can produce
lower extremity edema. Most significantly, fludrocortisone
may precipitate congestive heart failure. Therefore, it is not
appropriate for use in persons with a prior history of heart
failure. Since fludrocortisone also can induce hypokalemia,
potassium supplementation and monitoring of serum potassi-
um levels should be considered. Midodrine is a prodrug
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whose metabolite, desglymidodrine, is an alpha-1 receptor
agonist that increases vascular resistance and vasomotor tone
[24]. It typically is administered in one to three doses per day,
with a maximum dose of 45 mg daily. Like fludrocortisone,
midodrine also has a propensity to produce nocturnal supine
hypertension [37], and limitations regarding the final dose of
the day are similar to those of fludrocortisone. Other potential
adverse effects of midodrine include urinary retention, itching
of the scalp, other paresthesias, and piloerection [38].
Droxidopa is a prodrug that is converted into norepinephrine
[24]. It has a longer duration of action than midodrine (6-8 h
vs 2—4 h) but, typically, still is administered three times daily,
with the third dose in the mid-afternoon and a maximum dose
of 1800 mg daily. Supine hypertension again is a risk, al-
though significant nocturnal blood pressure increases with
droxidopa may be relatively infrequent, in the range of 10 to
20% of patients treated [37, 39]. Although droxidopa is con-
verted to norepinephrine by the enzyme aromatic amino acid
decarboxylase (AADC), which is the enzyme that is blocked
by carbidopa, it appears that the carbidopa doses typically
employed in conjunction with levodopa administration do
not block the vasopressor effect of droxidopa to a clinically
significant degree [40]. Cognitive and behavioral effects, such
as confusion, agitation, fear, manic behavior, irritability, per-
severation, and memory impairment, have been reported in
individuals taking droxidopa, possibly as a consequence of
excessive activity within noradrenergic networks in the central
nervous system [41]. Pyridostigmine, an acetylcholinesterase
inhibitor, can modestly reduce nOH without exacerbating su-
pine hypertension, but it is not widely utilized. Desmopressin,
octreotide, methylphenidate, and yohimbine can be used in
refractory or special circumstances [42].

Supine Hypertension

Blood pressure typically drops by 10 to 20% at night [43, 44].
However, approximately 50% of individuals with nOH experi-
ence an increase in their blood pressure when supine [45].
Studies suggest that supine hypertension is evident in 34 to
46% of PD patients [46, 47]. It has been defined by consensus
criteria as a blood pressure > 140 systolic and/or >90 diastolic
after at least 5 min of rest in the supine position [45]. For some
patients, 24-h ambulatory blood pressure monitoring may be very
helpful in documenting the presence and severity of both nOH
and supine hypertension. The decision whether or not to treat
supine hypertension in an individual with PD who also experi-
ences nOH during the daytime hours is a very difficult one.
Because the consequences of nOH, such as falling and syncope,
are more immediate and acutely dangerous than the delayed
potential complications of supine hypertension [32], many neu-
rologists lean toward accepting some degree of supine hyperten-
sion in order to limit daytime nOH, but if the supine hypertension
is prominent enough (e.g., systolic pressure greater than 160—



Ronald F. Pfeiffer

1467

Table 2 Pharmacologic
management of orthostatic Drug

Mechanism

Dosage

hypotension
Primary choices

Midodrine

Droxidopa
Secondary choices

Fludrocortisone

Pyridostigmine

«;-Adrenoreceptor agonist

Norepinephrine prodrug

Mineralocorticoid
Acetylcholinesterase inhibitor

7.5-30 mg daily
300-1800 mg daily

0.1-0.4 mg daily
60-180 mg daily

Consider in refractory situations (inadequately tested)

Desmopressin Vasopressin receptor agonist 2-4 ng daily (im.)
Octreotide Somatostatin receptor agonist 12.5-25 pg daily
Methylphenidate Norepinephrine/dopamine reuptake inhibitor 15-30 mg daily
Yohimbine ,-Adrenoreceptor antagonist 5.4 mg daily
Indomethacin Prostaglandin synthesis inhibitor 50 mg daily

180), treatment becomes necessary. Nonpharmacologic treat-
ment approaches, such as elevating the head of the bed by 4—
6 in. when supine, should be utilized first, but if pharmacologic
treatment becomes necessary, short-acting drugs, such as an
angiotensin-converting enzyme inhibitor (captopril), a central
«-2 agonist (clonidine), an angiotensin II receptor antagonist
(losartan), or vasodilator (transdermal nitroglycerin or hydral-
azine), can be administered as a single bedtime dose [24, 32].
An advantage of transdermal nitroglycerin is that its effect can be
terminated very quickly by removing the patch [42]. The cyclic
guanosine monophosphate (cGMP)-specific phosphodiesterase
type 5 inhibitor, sildenafil, has been reported to reduce supine
hypertension in individuals with pure autonomic failure and mul-
tiple system atrophy, but this was not studied in PD itself[48, 49].

Postprandial Hypotension

Postprandial hypotension and exercise-induced hypotension
may occur in the setting of PD. Postprandial hypotension is
particularly likely to occur after consuming large,
carbohydrate-heavy meals and may develop within 15 min after
eating and persist for up to 3 h. Elderly PD patients may be most
susceptible to this phenomenon. Constipation, preprandial hy-
pertension at rest, and orthostatic hypotension best predict the
presence of postprandial hypotension in elderly PD patients
[47]. The risk of postprandial hypotension can be reduced by
reducing carbohydrate intake and eating smaller, more frequent
meals. With regard to exercise-induced hypotension, performing
exercises in a sitting position or in a swimming pool can circum-
vent the drop in blood pressure [21].

Gastrointestinal Dysfunction

In 1991, Edwards and colleagues [50] surveyed gastrointesti-
nal (GI) symptoms in 98 patients with PD and 50 comparably

aged control subjects and identified five features as character-
istic of GI dysfunction in PD: salivary excess, difficulty
swallowing, nausea (attributed to impaired gastric emptying
when not medication induced), decreased bowel movement
frequency, and difficulty with the act of defecation itself.
Others subsequently confirmed and expanded these findings
[2]. Although much has been written in recent years regarding
the possible role of the enteric nervous system and the gut
microbiome in the etiology and pathogenesis of PD, the fol-
lowing will focus on clinical management of the identified GI

symptoms.

Excess Saliva

Older studies have reported the presence of excess saliva or
drooling in over 70% of persons with PD, with an even higher
percentage in those with advanced PD [51]. In a recent large
retrospective analysis of a longitudinal cohort of 728 patients
with PD, however, the prevalence of subjective drooling was
37% at the time of baseline analysis, increasing only to 40%
with the passage of time [52]. In this cohort, the presence of
drooling was highest (40%) in patients over age 80 and lowest
in individuals younger than age 50 (24%). The presence of
drooling was associated with dysphagia and with cognitive
decline. Salivary excess and drooling are not due to excess
saliva production, but rather to less frequent and more ineffi-
cient swallowing, reduced lip seal, and changes in posture and
awareness [52, 53]; in fact, salivary production typically is
reduced in PD.

Chewing gum or sucking on hard candy, which converts
swallowing into a more conscious action, can be a fugacious,
but practical, measure to relieve drooling in some social situ-
ations. Most treatment efforts, however, are aimed at reducing
saliva production. Anticholinergic drugs, such as
trihexyphenidyl, reduce saliva production but are problematic
for individuals with PD because of the risk of producing
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urinary retention, constipation, and memory impairment. The
anticholinergic glycopyrrolate circumnavigates the risk of
cognitive impairment because it does not cross the blood—
brain barrier, but it still can produce peripherally mediated
adverse effects such as urinary retention and constipation.
Sublingual administration of 1% atropine eye drops, one drop
once or twice daily, may reduce saliva production while
avoiding systemic anticholinergic effects [54]. However,
intraparotid injection of botulinum toxin, either type A or type
B, has now become the primary treatment approach to treating
troublesome drooling in persons with PD by reducing saliva
production, typically producing benefit that persists for
3 months or more [55-58].

Dysphagia

Reports of the prevalence of dysphagia in PD show great
variability [59], but a meta-analysis by Kalf and colleagues
[60] arrived at a pooled prevalence estimate of 35% for sub-
jective dysphagia and a pooled estimate of 82% for dysphagia
identified by objective testing, which suggests that patients
with PD often are unaware their swallowing is impaired;
moreover, the risk of dysphagia in PD patients was three times
that in control individuals [60]. Although more likely to be
present in patients with advanced PD, dysphagia may develop
early in the course of PD [61]. Dysphagia increases the risk of
malnourishment and malnutrition in patients with PD [62],
and dysphagia severity predicts a poor outcome in persons
with advanced PD [63]. Dysphagia for pills is an often
overlooked aspect of dysphagia in PD and may be evident in
close to 30% of patients, particularly those with more ad-
vanced disease [64]. Capsules are swallowed most readily;
oval tablets pose the most difficulty [64]. One very important
and significant risk of dysphagia is aspiration with consequent
pneumonia. Some degree of aspiration is present in 15 to 56%
of patients with PD [65]. An abnormal tendency to swallow
during inspiration rather than exhalation may be evident in PD
patients and increase their risk of aspiration [66].

Dysphagia can be the consequence of dysfunction at the
oral, pharyngeal, or esophageal levels [65]. The standard
screening evaluation for dysphagia in PD has been the modi-
fied barium swallow study (MBSS), but it is important to
remember that the MBSS primarily assesses oral and pharyn-
geal function and does not fully evaluate the entire extent of
esophagus. Therefore, if the MBSS does not provide an ex-
planation for dysphagia in a patient, video fluoroscopy should
be employed to evaluate for processes involving the esopha-
gus, such as esophageal dysmotility, Zenker’s diverticulum,
cricopharyngeal bar formation, anterior cervical osteophyte
formation, achalasia, and lower esophageal sphincter dysfunc-
tion [67]. A variety of additional tests may be useful in eval-
uating dysphagia in the setting of PD [68]. Handheld Cough
Testing (HCT) recently has been reported to be a simple and
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highly sensitive screening test for dysphagia in PD patients
[69]. HCT employs a relatively inexpensive and portable sys-
tem consisting of a facemask coupled to a handheld nebulizer
and an analog peak flow meter and measures cough airflow
and sensation during voluntary and reflex cough tasks.
Reduced reflex cough airflow below a designated level pre-
dicts the presence of dysphagia and airway penetration [69].

Whether dysphagia in PD responds to levodopa therapy
remains controversial [70, 71]. In one recent retrospective
study, transdermal rotigotine was reported to improve dyspha-
gia in both drug-naive PD patients and as add-on therapy, but
further investigation of this clearly is needed [72]. Behavioral
approaches that teach safe swallowing techniques remain the
standard approach for the treatment of dysphagia. A variety of
additional treatment techniques have been described.
Expiratory muscle strength training (EMST) may be effective
in improving swallowing safety in patients with PD [73], and
the combination of postural techniques and EMST is even
more effective [74]. Respiratory-swallow coordination train-
ing (RSCT) in combination with voluntary cough skill train-
ing (VCST) also has been reported to be effective in a recent
single case report [75]. Improvement not only in speech but
also in both subjective and some videofluoroscopic parame-
ters of swallowing persisted up to 6 months following a course
of Lee Silverman Voice Treatment (LSVT-LOUD) in a group
of patients with mild PD [76]. Improvement in dysphagia has
been noted following subthalamic deep brain stimulation sur-
gery [77], although deterioration in swallowing also may oc-
cur [78]. Improvement with high-frequency repetitive trans-
cranial magnetic stimulation (rTMS) in a double-blind, ran-
domized trial involving 33 PD patients, as assessed by both
questionnaires and videofluoroscopic examination, also has
been described [79]. Cricopharyngeal dysfunction may be
successfully treated with either myotomy or botulinum toxin
injections [80, 81].

Gastroparesis

Impaired gastric emptying, or gastroparesis, can be character-
ized by a variety of symptoms that include nausea, vomiting,
early satiety, postprandial fullness, and upper abdominal pain
[82]. The exact prevalence of gastroparesis in PD remains
unclear [83]. However, in a retrospective cohort study in
which 65 PD patients with GI symptoms underwent both
wireless motility capsule evaluation and lactulose breath test-
ing, delayed gastric emptying was present in 35% [84].
Gastroparesis may be present throughout the entire spectrum
of PD, including in individuals with early, untreated disecase
[85]. Gastroparesis not only may produce uncomfortable
symptoms in those afflicted, but in individuals with PD, it also
can impair the effectiveness of the levodopa they may be
taking. Since levodopa is primarily absorbed in the proximal
small intestine, delayed gastric emptying can result in a
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delayed or unpredictable response to a dose of levodopa.
Complete dose failure also may occur.

The dopamine antagonist metoclopramide is effective and
widely used to treat gastroparesis but is contraindicated for PD
patients because it crosses the blood—brain barrier and blocks
dopaminergic function in the brain. Domperidone also is do-
pamine antagonist but does not cross the blood—brain barrier,
rendering it acceptable for use in PD. Domperidone not only
improves gastroparesis in PD but also may increase the bio-
availability of levodopa [86, 87]. However, it is not approved
for use in the USA. Concern has been voiced regarding the
potential cardiotoxicity of domperidone [88], but others be-
lieve this risk is ill defined and should not prevent judicious
use of the drug [89]. The 5-HT, agonist drugs, mosapride and
prucalopride, are effective in reducing gastric emptying time
but have undergone only minimal evaluation in individuals
with PD; of these, only prucalopride is approved for use in
the USA [90, 91]. Botulinum toxin injection into the pyloric
sphincter has been reported in several small studies to improve
gastric emptying in patients with PD, but more extensive eval-
uation still is needed [92, 93]. The ghrelin receptor agonist
relamorelin currently is undergoing clinical trials and has
shown efficacy in improving both gastric emptying and symp-
toms of gastroparesis in patients with diabetes, but it has not
been tested for this indication in patients with PD [94, 95].

Small Intestinal Dysmotility

Small intestinal function has not been thoroughly evaluated in
the setting of PD, but in 1996, a small study involving 15
patients and 15 healthy controls demonstrated slowed orocecal
transit time and reduced absorption of mannitol but normal
absorption of lactulose in PD subjects, indicative of decreased
nonmediated uptake across the enteric brush border membrane
[96]. More recently, using SPECT fused with CT imaging to
visualize a small technetium capsule as it transited the gut,
slowed small intestinal transit in 10 PD patients was document-
ed [97]. Small intestinal bacterial overgrowth (SIBO) has been
recognized in the setting of PD and appears to be present in 25
to 55% of patients with PD, compared with 10 to 20% of
control subjects [98—100]; however, spontaneous changes be-
tween positive and negative SIBO status can occur [101], per-
haps obfuscating the significance of these numbers. PD patients
with SIBO may experience GI symptoms; they also may expe-
rience increased motor fluctuations and increased off time.
Reduced quality of life, but not weight loss, has been associated
with SIBO in the setting of PD [102]. Treatment with rifaximin
results in improvement in function, but the relapse rate by
6 months is over 40% [98]. A recent report that gut bacteria
within the upper small intestine may reduce levodopa absorp-
tion by converting levodopa to dopamine via bacterial tyrosine
decarboxylases may have important clinical implications with
regard to levodopa efficacy in some individuals with PD [103].

Bowel Dysfunction

There are two aspects of bowel dysfunction that may occur in
PD—decreased bowel movement frequency and difficulty
with the act of defecation itself. Decreased frequency, or con-
stipation, is the better recognized of the two, but defecatory
dysfunction may be just as common and both may impact
quality of life for the PD patient very significantly.

The reported prevalence of decreased bowel movement fre-
quency in PD varies from 20 to 77% [104] with a median con-
stipation prevalence of 40 to 50% [105]. The physiological basis
of constipation in PD is slowed transit of fecal material through
the colon, which is evident in up to 80% of PD patients [106].
Although constipation may develop at any time during the
course of PD, it also may precede the appearance of PD motor
features by up to two decades [107], its presence is associated
with a sustained increased risk of developing PD [108, 109], and
it now is considered one of the markers of prodromal PD [110,
111]. Sigmoid volvulus is a potentially under-recognized serious
complication of constipation in PD [112, 113].

Treatment of constipation in PD largely parallels the treat-
ment of idiopathic constipation (Fig. 1). Increased dietary fi-
ber and fluid intake are the recommended first steps, often in
conjunction with stool softeners. With recognition of the ap-
parent changes in the gut microbiome in PD, interest in the
possible effectiveness of probiotics in the treatment of consti-
pation has surfaced, and the effectiveness of probiotics in im-
proving constipation in PD patients has been demonstrated
[114, 115]. However, a note of caution also has been voiced
in that available probiotics are not tailored to the PD gut and
that, given the possibility that alterations in the gut
microbiome may play a role in the development of PD itself,
the risk profile of probiotics in PD warrants further investiga-
tion [114]. Osmotic laxatives, primarily polyethylene glycol
(macrogol), but also lactulose and sorbitol, are widely used
when dietary measures are insufficient. An ever-growing sta-
ble of prokinetic drugs has been developed with the goal of
improving constipation by accelerating colonic motility.
Although earlier, less selective 5-HT, agonists, such as
cisapride and tegaserod, were withdrawn from use because
of cardiotoxicity, the more highly selective prucalopride is
now available and has been reported to be effective in a small
study of patients with PD [116, 117]. Intestinal secretagogues,
such as the CIC-2 chloride channel activator lubiprostone and
the guanylate cyclase-C agonist linaclotide, also have demon-
strated efficacy in improving constipation in small studies of
PD patients [116, 118]. Another guanylate cyclase-C agonist,
plecanatide, is available but has not been studied specifically
in PD patients. Nizatidine, a histamine H, receptor agonist,
also was reported to improve constipation in individuals with
a prolonged colon transit time, but not in those with a normal
transit time, in an open-label pilot study involving 20 PD
patients [119]. The ghrelin agonist relamorelin was evaluated
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Management of Constipation in Parkinson’s Disease

Dietary Management
Increased Fiber
Dietary — 15-30 gm/day

Psyllium — 21-30 g/day

Increased Fluid — 1.5-2.0 L/day

Probiotics (?)

Methylcellulose — 1000-6000 mg daily (tablet)

Stool Softeners

Docusate — 100-200 mg daily

Osmotic Laxatives — Intermittent or Daily Use

Polyethylene Glycol 3350 — 17-34 g daily

Lactulose — 10-40 g (15-60 ml) daily

Intermittent Use

Sorbitol (70% solution) — 30-60 ml daily

Daily Use

Irritant Laxatives
Bisacodyl — 5-15 mg daily

Sennosides — 17.2-68.8 mg daily

Enemas

Unestablished Agents
Pyridostigmine — 60-180 mg daily
Nizatadine — 300 mg daily

Beta Blockers — various drugs/dosages

Fig. 1 Management of constipation in Parkinson’s disease.

for the treatment of constipation in PD patients, but recruit-
ment difficulties did not permit a definitive conclusion regard-
ing its effectiveness [120]. An anecdotal report proposed the
effectiveness of the cholinomimetic pyridostigmine, but no
formal studies have been reported [121]. Beta-blockers may
reduce the risk of constipation in PD, but no prospective study
has been reported [122]. Nonpharmacologic modalities, such
as functional magnetic stimulation, have been reported to be
effective in reducing colon transit time in individuals with PD
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Prokinetic Agents
5-HT4 Agonists
Prucalopride — 1-4 mg daily
Guanylate Cyclase C Agonists
Linaclotide — 145-290 mcg daily

Plecanatide — 3mg daily

Chloride Channel Activators

Lubiprostone — 24 mg BID

[123], as has abdominal massage [124]. Improvement in con-
stipation following subthalamic deep brain stimulation sur-
gery has been documented [77]. Fecal microbiome transplan-
tation for the treatment of constipation in PD is a source of
interest and promise, but definitive studies are still lacking
[114]. Enemas may be used as needed; surgical intervention
in the form of colectomy is a last resort and rarely necessary.

Anorectal or defecatory dysfunction is characterized by
increased straining, painful defecation, and incomplete
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emptying. Symptoms of defecatory dysfunction may be pres-
ent in 61 to 67% of individuals with PD [50, 125] and may be
evident in both early and advanced PD [126]. In one study,
symptoms of defecatory dysfunction were, by patient report,
present prior to the appearance of classic motor symptoms in
almost 60% of individuals [125].

In individuals with defecatory dysfunction, stool softeners
may make stool easier to expel but laxatives typically are not
helpful and may even make patients more uncomfortable.
Formal studies of potential treatment modalities have been
rare. In an open study involving 19 patients with PD, treat-
ment with levodopa significantly reduced the amplitude of
paradoxical sphincter contraction during defecation and re-
duced postdefecation residuals [127]. Apomorphine injections
improved defecatory function in some individuals in another
small study, but more formal and extensive testing has not
been pursued [128]. Botulinum toxin injections into the exter-
nal anal sphincter and puborectalis muscles have been admin-
istered with good results in relieving defecatory dysfunction in
several relatively small studies of PD patients [93, 129].
Biofeedback has not been formally studied in patients with
PD. STN-DBS produced improvement in anal squeeze pres-
sure, but not in anorectal dyssynergia, in a study of 16 PD
patients [130].

Urinary Dysfunction

Although reports estimating the prevalence of bladder dys-
function in PD vary widely, ranging between 27 and 86%,
there certainly is a consensus that it occurs frequently and that
it can have a significant effect on quality of life for affected
individuals [131-136]. In a survey of 545 PD patients using
the NMSQuest, the most frequently reported nonmotor symp-
toms were urinary urgency in 56% and nocturia in 62% [137].
Although the development of urinary symptoms tends to cor-
relate with disease progression, in approximately 4% of per-
sons, urinary symptoms may be the initial feature of PD [138].

The brainstem micturition centers in the pons are influ-
enced by the basal ganglia, with the net effect of the basal
ganglia on the micturition reflex being inhibitory [139]. In
PD, neurodegenerative changes within the basal ganglia, with
a consequent decrease in dopaminergic function, result in dis-
inhibition of the micturition reflex, which, in turn, results in
detrusor overactivity [140]. Detrusor overactivity is the most
common urinary problem in PD and is characterized by uri-
nary frequency, urgency, and nocturia, with a sensation of
bladder fullness and an urge to void before appropriate blad-
der filling has occurred. Detrusor hyperreflexia is present in
45 to 100% of individuals with PD, although not all are symp-
tomatic [141, 142]. Urodynamic testing demonstrates detrusor
overactivity in 67 to 100% of PD patients with urinary symp-
toms [143, 144]. However, bladder overactivity is not the only

urinary difficulty that may be experienced by individuals with
PD. Urinary hesitancy and reduced urinary stream secondary
to impaired bladder emptying may account for up to 27% of
urinary symptoms in PD [145]. Detrusor underactivity, which
if symptomatic is characterized by decreased sensation during
filling and incomplete emptying without actual obstruction of
urine outflow, may be present in over 40% of individuals with
PD who are experiencing symptoms of urinary dysfunction
and may actually coexist with detrusor overactivity [144].
Sphincter bradykinesia, with delayed relaxation of the urethral
sphincters and pelvic muscles upon attempted voiding, may
be present in 11 to 42% of symptomatic patients and produce a
picture of obstructed flow [146, 147]. It also is important to
remember that in men with PD, other independent processes
producing obstructive bladder emptying, such as prostatic hy-
pertrophy, can coexist with the detrusor hyperreflexia of PD
itself and produce a complicated clinical picture that requires
urodynamic testing for clarification and appropriate treatment
decisions [148].

Both nonpharmacologic and pharmacologic approaches
are available for the management of overactive bladder symp-
toms, although specific testing in patients with PD has been
limited. Nonpharmacologic strategies include basic recom-
mendations such as reducing caffeine and alcohol intake, but
also more sophisticated approaches such as instruction in urge
suppression and distraction techniques, establishment of per-
sonalized voiding schedules, and performance of pelvic floor
exercises [149, 150]. Anticholinergic drugs acting on musca-
rinic receptors in the bladder have been the primary pharma-
cologic approach to the treatment of overactive bladder symp-
toms. They are effective, but older, nonselective muscarinic
anticholinergic drugs, such as oxybutynin and tolterodine, are
ideally avoided in PD patients because their anticholinergic
activity within the CNS may compromise cognitive function.
Newer, more selective, anticholinergic drugs have been devel-
oped that may circumvent this problem. Darifenacin does not
cross the blood—brain barrier and is selective for M3 receptors,
which are primarily located in the bladder. It has been shown
to spare cognitive function in both younger and older individ-
uals but has not been specifically tested in PD patients [151,
152]. Solifenacin also is a selective M3 receptor antagonist
and has been studied in a pilot clinical trial in patients with
PD and found to be of some benefit in the open-label phase of
the study [153]. Trospium, yet another newer anticholinergic
drug, does not cross the blood—brain barrier but has not been
specifically tested in PD patients. Drugs with other mecha-
nisms of action are now available for treating overactive blad-
der symptoms and have been evaluated in PD patients.
Mirabegron, a (33 adrenergic agonist, has demonstrated effi-
cacy in reducing overactive bladder symptoms in several
small, nonblinded studies in PD patients [135, 154].
However, mirabegron does have the capability of inducing
orthostatic hypotension, so care is needed in its use. Drugs
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employed to treat motor features of PD also may be useful in
alleviating overactive bladder symptoms. The adenosine A2A
receptor antagonist istradefylline, which was recently ap-
proved in the USA for use in treating the motor symptoms
of PD, has been reported to also reduce lower urinary tract
symptoms [132], and bedtime administration of extended-
release levodopa may improve nocturia in PD patients [155].
Botulinum toxin injections into the detrusor muscle, per-
formed under cystoscopic guidance, have been employed suc-
cessfully in the treatment of detrusor overactivity in patients
with PD, with success rates of 80 to 100% [134, 156, 157].
However, an elevated postvoid residual prior to injection in-
creases the risk of both treatment failure and postoperative
urinary retention severe enough to require intermittent self-
catheterization [134]. Neuromodulation in the form of both
percutaneous and transdermal tibial nerve stimulations has
been used successfully in ameliorating overactive bladder
symptoms, but experience specifically in individuals with
PD currently is minimal [158]. Improvement in lower urinary
tract symptoms in PD patients has been documented following
deep brain stimulation surgery targeting the subthalamic nu-
cleus [159, 160]. In one study, improvement following DBS
was more apparent in females than in males; the reason for this
is unclear [160].

Treatment of obstructive urinary symptoms in patients with
PD often is unsatisfactory. If prostatic hypertrophy is discov-
ered, alpha-adrenergic antagonists, such as tamsulosin,
terazosin, and doxazosin, or 5-alpha reductase inhibitors, such
as dutasteride or finasteride, can be utilized. However, care
must be taken because these drugs also can worsen orthostatic
hypotension. Urethral sphincter bradykinesia, which has been
described in PD, may respond to dopaminergic medications
[161]. Botulinum toxin injections into the urethral sphincter
have been administered for the treatment of detrusor underac-
tivity, nonrelaxing urethral sphincter, and urinary retention for
other reasons, but not specifically in PD patients [162]. In
patients with PD and detrusor underactivity, intermittent cath-
eterization may be the most effective treatment, although in-
dividuals with advanced PD may require assistance in
performing the catheterization.

Sexual Dysfunction

There has been a relative paucity of research regarding sexual
dysfunction in PD, which likely reflects a reluctance on the
part of both patients and physicians to address and discuss this
sensitive issue [163]. According to a study involving 60 PD
patients and an equal number of controls, sexual dysfunction
is present in 82% of patients with PD, compared with 48% of
controls [164]. In another study, decreased sexual frequency
was reported by 80% of men and 79% of women; decreased
sexual interest, however, was noted by 71% of women but
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only 44% of men [165]. Erectile dysfunction and impairment
of ejaculation develop in up to 79% of men with PD [166].
More recently, erectile dysfunction was present in 70% of a
group of 40 male patients compared with 25 control subjects;
other aspects of sexual function, such as orgasmic function,
sexual desire, intercourse satisfaction, and overall satisfaction,
also were impaired, particularly in individuals over age 55
[167]. Sexual dysfunction is more likely to become evident
in PD patients with depression [164] and with the postural
instability-gait disorder phenotype [168]. Acquired premature
ejaculation also may occur in the setting of PD [169]. In con-
trast to the studies detailed above, a study in which 121 PD
patients were compared with 123 non-PD control subjects did
not find any differences between the two groups in four dif-
ferent sexual function scales [170]. Furthermore, a systematic
review and meta-analysis covering 11 studies published be-
tween 1992 and 2018 reported that PD was associated with an
increased risk of sexual dysfunction in men but not in women
[171]. These studies illustrate the need for additional research
into sexual dysfunction in PD.

Penile erection and detumescence are the culmination of a
complex neurovascular process under the control of both the
central and the peripheral autonomic and the peripheral somat-
ic nervous systems, with further modulation by a variety of
contracting and relaxing mediators [172]. This complexity
provides a plethora of potential treatment targets for erectile
dysfunction, but currently approved treatment approaches fo-
cus on drugs that inhibit cGMP-specific phosphodiesterase
type 5. Several such inhibitors are available, including silden-
afil, tadalafil, vardenafil, and avanafil. The safety and effec-
tiveness of sildenafil in improving erectile functioning has
been documented in several studies of men with PD
[173-175]. However, in a double-blind, placebo-controlled,
cross-over study, sildenafil did not improve quality of life
despite improving erectile functioning [175]. Orthostatic hy-
potension is a risk, particularly for individuals with PD, with
all of these agents. Testosterone deficiency has been reported
in men with PD; in one study, it was present in 35% of par-
ticipants [176] but the efficacy and long-term safety of testos-
terone replacement for the treatment of sexual dysfunction is
unproven. For individuals in whom sildenafil or similar drugs
have been ineffective or not tolerated, other treatment ap-
proaches are available, although they have not been specifi-
cally evaluated in patients with PD. Intracavernosal injections
of alprostadil and moxisylyte are effective, but the injections
may be painful and may trigger formation of fibrotic nodules
within the corpora. Vacuum devices, used in conjunction with
constrictor bands, also are effective in inducing penile erec-
tion, but patient acceptance of the devices is low. The possi-
bility that drugs affecting dopaminergic function, such as apo-
morphine or dopamine D, receptor agonists, might be useful
in treating erectile dysfunction has been investigated [177].
No studies of pharmacologic treatment of sexual dysfunction
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in women with PD have been reported. Sex therapy can be
important in the management of sexual dysfunction in indi-
viduals with PD, and it is important for treating physicians that
they do not shy away from initiating discussion regarding
sexual dysfunction with their PD patients [178].

Hypersexual behavior is a well-known impulse control
complication of dopamine agonist therapy, which will not be
addressed here. However, sexual preoccupation behaviors, in-
cluding hypersexuality and compulsive sexual behavior, have
been described as part of PD itself[179, 180]. Restless genital
syndrome, characterized by pain, numbness, vibration, or
burning sensations involving the vagina, penis, perineum, pel-
vis, or proximal lower limbs, also has been reported in PD
[181]. This may occur as a wearing-off phenomenon and re-
spond to subcutaneous apomorphine injection [182].

Thermoregulatory Dysfunction

Thermoregulatory dysfunction has received relatively sparse
attention as an aspect of autonomic dysfunction in PD, but
actually, it is quite common. The reported prevalence of
sweating disturbances in PD varies widely, but estimates typ-
ically fall within the range of 30 to 70% [183, 184]. It may
occur at any time during the course of PD and may precede the
development of the classic motor features by more than
10 years [185].

Thermoregulatory dysfunction in PD may be the conse-
quence of abnormalities both in the central nervous system
and in the peripheral nervous system. The existence of Lewy
bodies within the hypothalamus [186] and alpha-synuclein ac-
cumulation in preganglionic neurons in the intermediolateral
cell column of the spinal cord and in the sympathetic ganglia
supports the presence of a central component [187, 188], as do
reports of hyperhidrosis being triggered by subthalamic deep
brain stimulation [189]. Conversely, small fiber peripheral neu-
ropathy, with reduced innervation of blood vessels, sweat
glands, and erector pili muscles, has been reported by multiple
investigators in patients with PD, although its etiology remains
uncertain and both vitamin By, deficiency and levodopa toxic-
ity have been implicated [184].

Both heat and cold intolerance may be experienced by
persons with PD. A sensation of coldness involving the distal
legs may be associated with pain and difficulty walking [190].
Prolonged vasoconstriction, produced by peripheral autonom-
ic impairment, along with central autonomic dysfunction may
be responsible [191]. Burning sensations, most frequently in-
volving the trunk and proximal extremities, also may develop
in PD [192].

Both hyperhidrosis and hypohidrosis may become evident
in individuals with PD. Excessive sweating may be generalized
or asymmetric and, when asymmetric, is more likely to be on
the side of greater motor involvement [184, 193]. A pattern of

increased sweating involving the head, neck, and upper trunk
may represent a compensatory mechanism for reduced sweat-
ing over the distal extremities, particularly the legs [194—-196].
Hyperhidrosis in PD often is episodic and may occur unpredict-
ably, sometimes at night. More often, however, it is related to
motor function, occurring either as an off phenomenon or dur-
ing episodes of severe dyskinesia [184, 197, 198].
Hyperhidrosis may be associated with a dysautonomia-
dominant subtype of PD [199]. Hypohidrosis typically is less
bothersome than hyperhidrosis to affected individuals, but it
leaves them at increased risk of heat intolerance.

Acute hyperthermia may develop in the setting of PD, most
frequently after the intentional or inadvertent precipitous dis-
continuation of prescribed levodopa [200, 201], but develop-
ment of hyperthermia following discontinuation of fava beans
(which contain levodopa) also has been described [202]. It
also may occur as a consequence of impaired levodopa ab-
sorption following initiation of enteral feedings [203, 204].
Development in the midst of a severe off episode also has been
described with a fatal outcome [205].

Little has been published regarding the treatment of thermo-
regulatory dysfunction in PD. Avoiding exposure to temperature
extremes is sensible. Anticholinergic medications should be
avoided by persons with impaired sweating. Excessive sweat-
ing, if it occurs as a wearing-off phenomenon or during episodes
of severe dyskinesia, may be amenable to treatment by judicious
adjustment of antiparkinson medication, but for frequent, unpre-
dictable episodes that are not correlated with the timing of med-
ication administration, no medication or other treatment modal-
ities have been consistently effective. Botulinum toxin injections
could be considered for the control of axillary hyperhidrosis but
would not be useful for the more generalized hyperhidrosis
characteristic of PD. Deep brain stimulation surgery targeting
the subthalamic nucleus has been reported to reduce paroxysmal
drenching sweats, but it has not been used specifically for this
problem [206, 207].

Conclusion

Autonomic dysfunction is a frequent, often significant, and
sometimes devastating feature of PD. Although most often
associated with advanced PD, autonomic dysfunction may
appear early in the course of the disease and may even precede
the development of the classic motor features, sometimes by
years. Autonomic dysfunction can severely impact quality of
life for individuals with PD, so it is vitally important that
clinicians are aware that effective treatment is available for
many, though not all, aspects of autonomic dysfunction in
PD. It also is important to recognize that patients often may
not spontaneously mention that they are experiencing symp-
toms of autonomic dysfunction, either because of a failure to
recognize that the symptoms are part of PD or, in some
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instances, because of embarrassment. Therefore, it is incum-
bent upon physicians to inquire regularly about the presence
of autonomic symptoms during clinic visits, so that appropri-
ate treatment can be initiated.

Required Author Forms Disclosure forms provided by the authors are
available with the online version of this article.
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