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Abstract

Cardiovascular autonomic dysfunctions including neurogenic orthostatic hypotension, supine 

hypertension and post-prandial hypotension are relatively common in patients with Parkinson 

disease. Recent evidence suggest that early autonomic impairment such as cardiac autonomic 

denervation and even neurogenic orthostatic hypotension occur prior to the appearance of the 

typical motor deficits associated with the disease. When neurogenic orthostatic hypotension 

develops, patients with Parkinson disease have increased risk of mortality, falls, and trauma related 

to falls. Neurogenic orthostatic hypotension reduces quality of life, contributes to cognitive decline 

and physical deconditioning. The co-existence of supine hypertension complicates the treatment of 

neurogenic orthostatic hypotension because it involves the use of drugs with opposing effects. 

Furthermore, treatment of neurogenic orthostatic hypotension is challenging because of few 

therapeutic options; in the past twenty years, the US Food and Drug Administration approved only 

two drugs for the treatment of this condition. Small open label or randomized studies using acute 

doses of different pharmacologic probes suggest benefit of other drugs as well, which could be 

used in individual patients under close monitoring. This review describes the pathophysiology of 

neurogenic orthostatic hypotension and supine hypertension in Parkinson disease. We discuss the 

mode of action and therapeutic efficacy of different pharmacologic agents used in the treatment of 

patients with cardiovascular autonomic failure.

1. Autonomic dysfunction in Parkinson disease

Parkinson disease (PD) is the second most common neurodegenerative disease after 

Alzheimer disease with the median annual incidence rates of 14 per 100,000 people in the 

total population. The incidence of PD is low before the age of 50 years, but increases rapidly 

from there; people aged 65 years and older have an annual incidence rate of 160 per 100,000 

or 11 times more the reported incidence in the total population. There are more males than 

females with PD, male to female ratio ranges from around 1.3 to 2.0 in the majority of the 

studies, and higher prevalence is observed mostly among white non-hispanics. [1, 2]
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Parkinson disease has been traditionally classified as a movement disorder and the diagnosis 

is based on the presence of three classic motor features: tremor, rigidity, and bradykinesia 

(paucity of movement), which are the result of loss dopaminergic cells in the substantia 

nigra pars compacta in the midbrain. Prior to the appearance of motor symptoms, however, 

the neurodegenerative process has long begun. There is a period that could last for decades 

with minimal clinical findings but a silent spread of synuclein- driven neurodegeneration in 

different areas of the nervous system. [3, 4] Braak et. al [5, 6] showed that the earliest 

abnormal depositions of α-synuclein occur in the anterior olfactory nucleus, the dorsal 

motor nucleus of the vagus in the medulla and the enteric plexus in the gut. The clinical 

correlation is reduced sense of smell (hyposmia) and constipation.

Another prominent non-motor symptom that precedes the development of motor deficits in 

patients with PD is REM sleep behavior disorder. This parasomnia is defined as enactment 

of dreams and is due to loss of the normal physiologic paralysis (sleep atonia) during REM 

sleep. The neuroanatomical lesion is located near the mesencephalic and pontine 

tegmentum. [7] The evidence that RBD predicts a CNS synucleinopathy is very strong; 

approximately 80–90% of patients with RBD confirmed by polysomnography developed 

PD, Lewy body dementia (LBD) or multiple system atrophy (MSA).[8, 9]

In our prospective natural history study of synucleinopathies, patients with RBD, as well as 

neurogenic orthostatic hypotension (nOH) and hyposmia, phenoconverted to PD and LBD 

after an average of 9 years of illness.[9] Patients that phenoconverted to MSA also had RBD 

and OH but their sense of smell was preserved and they had a shorter duration of illness (5 

years). Similarly, a retrospective study with review of medical records showed a two-fold 

increase risk of developing PD in patients with OH. [10]

Orthostatic hypotension, defined as a drop in systolic blood pressure of 20 mm Hg or more 

or diastolic blood pressure fall of greater than 10 mm Hg within 3 minutes of standing.[11] 

is relatively common in patients with PD. A recent literature review of 25 cross-sectional 

studies that included 5,070 PD patients estimated a pooled OH prevalence of 30% (95% CI: 

23 to 38%).[10]. OH can be symptomatic or asymptomatic. It is estimated that 16 to 18% 

[12] of PD patients have symptomatic OH.[13] Symptomatic OH is considered one of the 

most debilitating conditions among patients with PD. [14]

Antiparkinson medications such as levodopa and dopamine agonists can trigger or worsen 

OH, but OH can also occur in untreated patients because the disease process affects 

autonomic reflexes indicating a neurogenic origin (nOH). In a patient with PD and nOH, a 

simple bedside test to screen for autonomic dysfunction is to determine the increase in heart 

rate (HR) in response to the decrease in blood pressure on standing. A healthy autonomic 

reflex arch would induce an increase in sympathetic activity and withdrawal of 

parasympathetic cardiac modulation in response to volume shift during standing. An 

increase in HR equal or less than 15 bpm in patients with nOH suggest autonomic 

impairment.[11]
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2. Impact of neurogenic orthostatic hypotension in Parkinson disease

In a recent meta-analysis, the presence of OH has been recognized as a risk factor for overall 

all-cause mortality and cardiovascular outcomes such as myocardial infarction, congestive 

heart failure and stroke.[15] The majority of epidemiological studies did not discern whether 

OH was associated or not with a neurodegenerative diseases such as PD. However, the 

presence of nOH in patients with PD was associated with higher mortality and a 

significantly elevated number of clinical events such as bone fractures, head trauma and 

syncope.[16]

2.1 Neurogenic orthostatic hypotension and falls in Parkinson disease

In the elderly, falls are significant clinical events associated with high mortality. Falls rank 

among the most common reasons for hospital admissions in patients with PD.[17–19] A 

systematic review of 22 studies of falls in patients with PD reported that 60.5% of patients 

enrolled reported at least one fall, and of these patients, 68% experienced recurrent falls.[20] 

It is debatable whether falls in PD relates to nOH or occur as a result of impaired postural 

reflexes, it could certainly be that both contribute. A recent study[21] showed that PD 

patients with nOH have a higher prevalence of medically-attended falls, hospitalizations and 

clinic visits than PD patients without nOH which results in higher healthcare costs.[21] 

Additionally, close relationships have been described between the occurrence of falls and 

increased caregiver burden in patients with PD.[22]

There is a paucity of data on the effect of nOH on quality of life in PD; patients with PD 

with impaired cardiovascular regulation reported orthostatic dizziness which significantly 

impact their daily activities.[8] Greater decrease in blood pressure has been observed in 

patients with PD and depression than in their non-depressed controls. Of note, the degree of 

the change in blood pressure associates with depression scaling.[23]

2.2 Cognitive Deficit and Neurogenic Orthostatic Hypotension

The connection between nOH and cognitive deficit is a controversial topic. Patients with PD, 

and nOH had more significant impairment in sustained attention and memory than those 

with PD without nOH.[24, 25] The pathophysiology of cognitive impairment in patients 

with nOH and PD may be multifactorial. It is possible that the neurodegenerative process 

itself may cause cognitive impairment and autonomic dysfunction in parallel by affecting 

common areas in the brain or substrates for neurotransmitters. On the other hand, decreased 

cerebral perfusion particularly in the frontal lobe during nOH episodes could also explain 

the cognitive impairment. Indeed, previous studies have found an association between nOH 

and poorer global cognitive function.[26, 27] During a head up tilt angle able to induce 

nOH, patients scored significantly worse in cognitive performance affecting both global 

cognitive functioning and specific tasks, mainly exploring executive functions. These 

patients had normal brain structures assessed by brain magnetic resonance imaging and 

normal Mini Mental State Examination in supine position.[28, 29]
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3. Pathophysiology of Autonomic Dysfunction in Parkinson disease

Although PD is classically thought of as a disease of the central nervous system, nOH in 

these patients is the result of degeneration of peripheral post-ganglionic sympathetic nerve 

fibers.[30] The most notable evidence of degeneration of postganglionic sympathetic fibers 

in PD comes from neuroimaging studies of the heart. Utilizing I-MIBG SPECT[31, 32] or 6-

[18F] fluorodopamine PET [30] a characteristic loss of uptake by myocardial sympathetic 

fibers has been convincingly shown in many studies involving hundreds of patients with PD.

[33] The neuroimaging studies have been confirmed by immunohistochemistry of post 

mortem myocardium of PD patients showing loss of tyrosine hydroxylase staining.[34]

The loss of sympathetic innervation is distal-to-proximal and involvement of the autonomic 

ganglia seems to be a later phenomenon. Cardiac autonomic denervation frequently occurs 

in the early stages of the disease, sometimes before the development of motor symptoms.

[35] Cardiac autonomic denervation does not cause OH and its clinical correlation with 

specific symptoms is uncertain.

There is a diagnostic value when obtaining cardiac imaging; patients with MSA most 

frequently have normal cardiac autonomic innervation compared to those with PD or pure 

autonomic failure (PAF) who have impaired uptake. Review of the literature suggests that 

values below 1.75[32] for the heart to mediastinum ratio in cardiac MIBG indicates cardiac 

autonomic denervation. The overall sensitivity to positively identify patients with PD was 

89.7%, and the specificity to discriminate them from patients with multiple system atrophy 

was 94.6%.[36] These tests should be carefully interpreted in patients with a history of type 

2 diabetes mellitus or in patients taking serotonin, norepinephrine reuptake receptor 

inhibitors (SNRIs) such as venlafaxine, desvenlafaxine, bupropion, duloxetine, atomoxetine 

commonly used for the treatment of depression or attention deficit hyperactivity disorders. 

Furthermore, use of droxidopa for the treatment of OH will also affect the results.

After assuming the upright position gravitational forces shift about 700 ml of blood volume 

to the lower part of the body particularly the splanchnic circulation.[37] Normally, the 

baroreflex compensates for the fall in cardiac preload by causing sympathetic activation and 

vasoconstriction. In patients with PD the loss of post-ganglionic sympathetic neurons causes 

inadequate vasoconstriction and patients develop neurogenic orthostatic hypotension (Fig 1).

4. Pathophysiology of Symptomatic Neurogenic Orthostatic Hypotension

Symptomatic nOH is defined as the presence of nOH and pre-syncopal symptoms such as 

dizziness, lightheadedness, weakness and blurred vision. The severity of these symptoms 

correlates with the decrease in blood pressure during head up tilt. The underlying 

mechanism for the development of symptoms is reduced cerebral blood flow when blood 

pressure is below the cerebral autoregulatory range (low break point).

In normal circumstances, the autoregulatory range is between ~80–160 mm hg SBP. Within 

this range, changes in blood pressure only elicit minimal changes in cerebral blood flow. A 

study in patients with severe nOH reported an expansion of these autoregulatory ranges.[38]. 

However, when the patients reached their low break point, cerebral autoregulation fails, and 
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the decrease in blood pressure elicits substantial changes in cerebral blood flow. In PD 

patients, symptomatic nOH was associated with a mean blood pressure below 75 mm Hg. 

This cut-point had a sensitivity of 97% and a specificity of 98% for detecting symptomatic 

nOH and appears to be a useful benchmark when deciding whether the benefits of initiating 

pharmacological treatment of nOH outweighs the risks of exacerbating supine hypertension.

[12] Further studies, however, need to be conducted to validate this cut-point particularly in 

PD patients with OH and supine hypertension.

5. Treatment of Symptomatic neurogenic Orthostatic Hypotension

Neurogenic orthostatic hypotension causes substantial disability. Treatment should be 

directed to ameliorate symptoms, improving patient’s functional status and reduce the risk of 

nOH-related falls and syncope. Rather than arbitrary blood pressure goals, treatment should 

be focused on reducing symptoms.

5.1 Non-pharmacologic strategies

The first line of treatment is removing medications that predispose or exacerbate nOH. In 

patients with PD, lowering the dose of antiparkinson medication, particularly dopamine 

agonist should be considered. PD patients with hypertension should reduce or discontinue 

anti-hypertensive medications particularly direct vasodilators, diuretics, sympatholytic 

agents and alpha-1 blockers. Patients with benign prostatic hypertrophy should discontinue 

alpha-1 blockers including selective ones such as tamsulosin (Flomax©).[39] Lastly, hidden 

sympatholytics such as tizanidine, an alpha-2 adrenergic agonist (like clonidine), commonly 

prescribed for the treatment of muscle spasms should not be used in patients with PD and 

nOH.

Second, patients should be educated on physical counter-maneuvers to reduce the 

gravitational blood pooling in the lower extremities. The impaired postural reflexes in PD 

make it difficult to perform counter-maneuvers such as squatting or leg crossing, and are not 

recommended because they increase the risk of falls. We emphasize simple measures such as 

moving gradually from supine to standing positions and avoiding standing motionless, 

particularly when exposed to heat.

Devices to reduce venous pooling, such as custom-fitted thigh or waist high compression 

stockings and abdominal binders are useful when graded pressure of at least 30 to 40 mmHg 

is applied to the lower body.[40, 41] However, these devices are difficult to put on and may 

be uncomfortable to wear, limiting patient’s compliance. In our clinical practice, an 

alternative that is acceptable to some patients is the use of tight “biker shorts”.

PD patients without hypertension should be encouraged to employ approaches to improve 

central volume. Salt consumption can be increased to 6 to 9 g of sodium chloride per day 

(with 1 g sodium chloride tablets taken with each meal if needed). Water intake can also be 

increased up to 2 to 3 liters per day, with rapid water ingestion (16 ounces in 3 to 4 minutes) 

used as a rescue measure to increase systolic blood pressure and relieve orthostatic 

symptoms.[42] The pressor effects of water peak at 30 minutes and can last for up to 2 

hours, with effects mediated by activation of the sympathetic nervous system.[43]
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In PD patients with hypertension, sleeping with the head of the bed tilted up 6 to 9 inches 

can also prevent volume depletion by reducing nocturnal pressure natriuresis.[44, 45]

Lastly, patients with PD and nOH also develop post-prandial hypotension because their 

impaired autonomic reflexes fail to compensate for splanchnic blood pooling after meals. 

Because the magnitude of the decrease in blood pressure depends on the size[46] and the 

composition of the meal, particularly the amount of carbohydrates; [47, 48] patients should 

eat small frequent meals and eat the carbohydrate-loaded meals close to bedtime. Combining 

caffeinated drinks or drinking 16 ounces of water with meals may also help to reduce 

symptoms associated with post-prandial hypotension.[49] Of note, post-prandial 

hypotension is one of the earliest abnormal cardiovascular manifestations in patients with 

PD. Postprandial hypotension may be misdiagnose as a motor off state with worsened 

rigidity and bradykinesia.[50] Non-pharmacologic approaches are very cost-effective and 

have an important role in the treatment strategy for patients with nOH.

5.2 Pharmacological Therapy

There are only two FDA approved drugs for the treatment of orthostatic hypotension in the 

U.S. The α-1 adrenergic agonist, midodrine, and the synthetic norepinephrine precursor, 

droxidopa. The majority of clinical trials enrolled patients with different types of α-

synucleopathies but also patients with non-diabetic autonomic neuropathies (NDAN). 

Hence, the information discussed in the following section applies to all forms of autonomic 

failure, NDAN, and PD with nOH.

In this section, we will also discuss data from small clinical studies that tested the effect of 

different pharmacological agents that are commercially available and in some cases are used 

as off-label indication for nOH and nOH-related symptoms.

We have divided the pharmacological agents according to their mode of action in the 

following groups: agents that increase norepinephrine levels; agents that potentiate residual 

sympathetic activity; direct vasoconstrictors; preferential venoconstrictors; plasma volume 

expansors; agents that prevent glucose absorption in post-prandial hypotension (Table 1).

These medications should not be prescribed at fixed intervals but should be tailored to the 

patient’s activities and are best given on a PRN basis. Most of the medication needs to be 

taken 45 to 60 minutes before upright activities. Evening doses should be avoided because of 

increased risk of developing supine hypertension.

5.2.1. Agents that increase norepinephrine levels

Physiopathology and targeted pathway: In healthy subjects, circulating levels of plasma 

NE, the sympathetic neurotransmitter, more than double when standing. This increase in 

circulating NE levels is the result of sympathetic activation in response to orthostatic stress. 

Patients with autonomic failure including those with PD with nOH are unable to increase NE 

levels appropriately while standing. The blunted NE release could be the results of 

peripheral autonomic denervation or impairment of central autonomic centers that control 

peripheral sympathetic activation. Drugs that increase NE levels could improve upright 
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blood pressure and symptoms by increasing the availability of NE in the synapse while 

standing, promoting a vasoconstrictor effect or by acting in autonomic centers in the CNS.

Droxidopa is the only agent in this category; this medication was approved in the US and 

Japan for the treatment of nOH. Droxidopa is a prodrug that is converted into norepinephrine 

by dopa decarboxylase, the same enzyme that converts levodopa into dopamine.[51] The 

approval was based on three randomized, double blind clinical trials (RCT) that showed the 

efficacy of droxidopa for the relief of symptoms associated with nOH.[52–55]. In study 

NOH301 and NOH 306, were placebo-controlled and the outcome was symptom 

improvement. NOH302 was a randomized withdrawal design. In a recent integrated analyses 

of compiled data from these RCT with a pooled sample of 225 in droxidopa versus 235 in 

the placebo group. Compare to placebo, droxidopa showed to decrease symptoms of 

dizziness and lightheadedness scores and measurements of activities of daily living (standing 

long time, walking a short time, walking a long time) and significantly increase upright 

blood pressure (11.5±20.5 vs. 4.8±21 for placebo). Droxidopa was well tolerated and among 

side effects supine hypertension seems to be predominant but with very low prevalence 

(≤7.9% vs. ≤4.6% for placebo).[56] Of note, these clinical trials assessed efficacy in the ≤2 

to 10 week period, and currently a longer RCT is examining long-term efficacy.

Nevertheless, study NOH306 included falls as secondary endpoint in patients with PD and 

nOH. A total of 197 patients were included in this analysis (92 droxidopa versus 105 

placebo). In the droxidopa group, the fall rate was 0.4 falls per patient-week; in the placebo 

group, the rate was 1.05 falls per patient-week, P=0.014). These results translate into a 77% 

relative risk reduction. It is important to point out that the statistical significance was found 

using post-hoc analyses. Further studies powered to assess the effect of droxidopa on falls, 

as primary endpoint should be conducted to confirm these findings.[57]

5.2.2. Agents that potentiate sympathetic activity

Physiopathology and targeted pathway: Although PD is classically thought of as a CNS 

disorder, nOH in PD results from degeneration of peripheral sympathetic neurons and 

impaired ability to release norepinephrine. The degree by which tonic norepinephrine release 

is impaired varies significantly among patients and depends in part on the severity of the 

autonomic damage. Patients with PD may have different degrees of residual sympathetic 

activity. This residual sympathetic activity can be harnessed with pharmacological probes 

acting centrally or in peripheral autonomic nerves producing an increase in blood pressure; 

these effects can be used for the treatment of nOH. Even small increases in plasma 

norepinephrine induced by these agents may lead to exaggerated rises in blood pressure 

because of autonomic denervation-induced-up-regulation of adrenoreceptors, and inability to 

buffer hemodynamic changes due to lack of baroreflex capacity.

Yohimbine increases norepinephrine release from sympathetic nerves by augmenting central 

sympathetic outflow and by interfering with inhibitory modulation of pre-synaptic α-2 

adrenoreceptors. As expected from its pharmacological actions, which facilitates 

sympathetic activation, yohimbine increases plasma norepinephrine in a dose-dependent 

manner, which translates into an increase in blood pressure and heart rate. In nOH patients, 

the effect can be achieved at a very low dose (5.4 mg) given their denervation 

Shibao and Kaufmann Page 7

CNS Drugs. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



hypesensitivity.[58] Yohimbine is rapidly absorbed after oral administration with a peak 

plasma concentration occurring at 30 minutes and a half-life of 5 hours. The effect of 

yohimbine on orthostatic tolerance was first studied by Robertson and collaborators[59] in 

12 patients with autonomic failure. Intravenous administration of yohimbine (4–64 ug/kg/iv 

bolus) increased norepinephrine spillover and blood pressure and reduced the hypotensive 

response to head up tilt in these patients. In open label studies, oral administration of 5.4 mg 

of yohimbine increased blood pressure by 50 mm Hg with a peak effect at 75 minutes.[60] 

More recently, in a single-blind, placebo-controlled, crossover study, the same dose of 

yohimbine increased standing diastolic blood pressure by 11 mm Hg and reduced pre-

syncopal symptoms, particularly lightheadedness in 31 patients with autonomic failure.[61] 

No long-term studies are available showing sustained effect on blood pressure or symptoms.

Yohimbine appears well tolerated in autonomic failure patients, with no report of adverse 

events in short term clinical studies. Yohimbine requires compounding; the therapeutic dose 

is 5.4 mg p.o. up to three times a day. It can be also available as a herbal supplement.

Pyridostigmine inhibits the enzyme acetylcholinesterase and increases the transmission of 

impulses from cholinergic neurons across the synaptic cleft. After oral administration, 

pyridostigmine achieved peak plasma concentration at around 1.7 hours later and had a short 

half-life of 1–2 hours. Because all ganglionic neurotransmission is cholinergic, 

pyridostigmine increases both sympathetic and parasympathetic nerve function. The appeal 

of this pharmacologic approach is that it should be silent under conditions of low 

sympathetic tone such as in supine posture, but will potentiate the sympathetic activation 

that occurs on standing. Two studies have reported the beneficial effect of pyridostigmine as 

a treatment for nOH in patients with autonomic failure. The effect of 60 mg of 

pyridostigmine on standing diastolic blood pressure was first tested in an open label study in 

15 patients with autonomic failure [62]. Pyridostigmine significantly increased orthostatic 

blood pressure and reduced the fall in blood pressure associated with head up tilt. In a 

subsequent double-blind, randomized 4-way crossover study, pyridostigmine increased 

upright systolic blood pressure by only 4 mm Hg compared with placebo, the combination 

with 5 mg of midodrine was slightly more effective.[63] The improvement in orthostatic 

blood pressure in both studies was associated with a significant improvement in orthostatic 

symptom without causing supine hypertension. Our study, however, did not yield the same 

positive results; pyridostigmine did not improve orthostatic tolerance or symptoms, perhaps 

because our autonomic failure patients were more severely affected than in previous studies.

[61] It is possible that the response to pyridostigmine is proportional to the degree of 

residual sympathetic tone and therefore, this agent could be more effective in patients with 

some degree of residual sympathetic tone.

Atomoxetine is a selective blocker of the neuronal norepinephrine transporter (NET) 

commonly used for the treatment of attention deficit hyperactivity disorder in children and 

adults. After oral administration, the time to achieve peak plasma concentration is within 2 

hours and its elimination half-life is 5 hours. [64] Atomoxetine blocks the activity of the 

norepinephrine transporter, therefore inhibits the reuptake of NE and increases 

neurotransmitter concentrations in the neuroeffector junction which induces a pressor effect 

through stimulation of α1-adrenergic receptors in the vascular wall. This effect is more 
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noticeable in patients with normal NE concentrations and with normal peripheral autonomic 

nerves such as those with MSA. In a proof-of-concept clinical trial,[65] we determined the 

effect of 18 mg of atomoxetine on seated and standing blood pressure in 21 patients with 

autonomic failure (10 MSA and 11 PAF). These preliminary data showed that an acute dose 

of 18 mg of atomoxetine increased seated systolic blood pressure (SBP) by ~50 mm Hg 

compared with placebo in MSA. In MSA patients, atomoxetine increased plasma NE levels 

by 26% suggesting a mechanistic link between the neurohumoral response and its 

hemodynamic effect. No significant blood pressor responses were observed in PAF patients 

who had very low plasma NE. The sympathetic nervous system is maximally activated upon 

standing; plasma NE levels doubled on standing in normal subjects but failed to increase in 

autonomic failure patients. In a second trial, we found that atomoxetine by preventing the 

clearance of NE in the synapse would induce a greater blood pressure (BP) response upon 

standing compared with the direct α-1 adrenergic vasoconstrictor, midodrine. In a separate 

crossover study,[66] we compared the effect of a single dose of 18 mg of atomoxetine with 

midodrine (5,10 mg) and placebo on standing SBP and clinical symptoms in 69 patients with 

nOH and autonomic failure. Our results showed that atomoxetine and midodrine increased 

seated BP at the same magnitude. However, 18 mg of atomoxetine was more effective than 

midodrine in improving standing SBP (+7.5 mm Hg). Equally important, atomoxetine but 

not midodrine induced a significant reduction in clinical symptoms (lightheadedness and 

dizziness) compared with placebo.[66] Both studies strongly suggest that atomoxetine could 

be a potential treatment for nOH in autonomic failure, particularly in patients with MSA. We 

are currently conducting the first clinical trial to determine the effect of chronic use of 

atomoxetine in nOH (Clinicaltrials.gov NCT02784535).

5.2.3. Direct vasoconstrictors

Physiopathology and targeted pathway: Patient with autonomic failure have sympathetic 

denervation-induced-up-regulation of vascular adrenoreceptors; these patients have 

hypersensitivity to α-1 adrenergic receptor agonists that promote vasoconstriction and 

increase blood pressure. The inability to buffer hemodynamic changes due to lack of 

baroreflex capacity makes this effect more prominent. Of note, patient with autonomic 

failure, have a 10-fold elevation of blood pressure with acute i.v boluses of the α-1 

adrenergic receptor agonist phenylephrine.

Midodrine is and oral α-1 adrenergic receptor agonist. It is both an arterial and venous 

vasoconstrictor. It has an elimination half-life of 0.5 hours and is undetectable in plasma 2 

hours after an oral dose. The agent undergoes enzymatic hydrolysis in the systemic 

circulation to form the active agent, desglymidodrine. Desglymidodrine is 15 times more 

potent than midodrine and is primarily responsible for the therapeutic effect. The absolute 

bioavailability of desglymidodrine is 93% and the elimination half-life is 2–4 hours, the 

duration of action of midodrine is approximately 4 hours. It is excreted mainly in the urine. 

The sensitivity to this agent varies among patients and the dose should be titrated from 5 to 

10 mg three times a day. The peak pressor effect occurs 1 hour post-ingestion. The efficacy 

of midodrine in increasing blood pressure has been shown in double-blind placebo 

controlled trials.[67, 68] There was a significant linear relationship between midodrine 

dosage and mean systolic blood pressure in a dose-response study. Furthermore, midodrine 
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improved standing systolic blood pressure and symptoms (dizziness/lightheadedness, 

weakness/fatigue, syncope, low energy level, impaired ability to stand) compared with 

placebo. The effect of midodrine on standing blood pressure and ability to stand up has been 

superior compared with ephedrine, but no comparison with other agents was carried out. 

Midodrine should be administered with caution in patients with hepatic dysfunction and is 

contraindicated in acute renal failure, urinary retention, pheochromocytoma and 

thyrotoxicosis.

5.2.4. Preferential venoconstrictors

Physiopathology and targeted pathway: OH in autonomic failure results from the 

decrease in pre-load during orthostasis. The gravitational blood pooling is secondary to 

increase in venous capacitance, mostly in splanchnic circulation. In this section, we will also 

discuss the effect of both arterial and venous vasoconstrictor and an agent that primarily 

induces splanchnic vasoconstriction. Arguably, drugs that improve venous return may be 

more effective that arterial vasoconstrictors.

Caffergot (ergotamine and caffeine), the pressor effect is mostly related to the use of 

ergotamine which is an α-adrenergic agonist and potent venoconstrictor. This combination 

increases blood pressure and improves symptoms, but oral bioavailability is variable, and 

there is concern about its long-term use particularly in patients with coronary artery disease. 

In patients with refractory autonomic failure this could be an alternative treatment when 

everything else fails. Previous small studies, ranging from 1 to 10 patients, have shown that 

ergotamine increases standing blood pressure and improves symptoms in patients with nOH 

when given by inhaled, intramuscular, or oral routes of administration.[69–73] We 

previously demonstrated that caffergot (1 mg ergotamine and 100 mg caffeine improves 

standing time and may have a more potent pressor effect than midodrine.[74] The safety or 

efficacy of long-term use has not been tested.

Octreotide is a somatostatin analog very effective, even when other drugs fail; this is in part 

due to its ability to constrict the splanchnic circulation where most of the orthostatic blood 

pooling occurs. A study reported no changes in plasma norepinephrine after octreotide 

suggesting no effect on NE pool.[75] Octreotide use is limited by the need for parenteral 

administration, and by gastrointestinal symptoms such as abdominal pain, nausea and 

vomiting in susceptible patients. The effective dose is 12.5 ug SQ; in patients with refractory 

nOH, doses of 25 ug SQ may be more appropriate in refractory cases. The effect of 

octreotide on orthostatic tolerance as measured by standing time 1 hour after the 

administration was comparable to midodrine and their combined use seems to potentiate this 

effect. Octreotide may be also effective for the treatment of post-prandial hypotension.[76, 

77]

5.2.5 Plasma Volume Expansors

Physiopathology and targeted pathway: Dietary modifications such as high salt diet and 

drugs that promote sodium or free water re-absorption have been used in an attempt to 

increase cardiac pre-load in patients with OH. Among these drugs, the most popular is 

fludrocortisone, a synthetic mineralocorticoid, which has been used for more than 40 years 
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in patients with OH. Previous studies suggest that mineralocorticoids might have volume-

independent effects promoting cardiac fibrosis and endothelial dysfunction and there is 

concern that this drug could induce or worsen heart failure.

Fludrocortisone increases renal sodium reabsorption and expands plasma volume through 

its mineralocorticoid effect. This effect however is believed to be transient, and after 1–2 

weeks of continuous use, plasma volume returns to baseline values.[78] A previous study 

reported that fludrocortisone potentiates the blood pressure effect of infused norepinephrine 

by increasing peripheral vascular resistance.[78] The overall effect of this agent in patients 

with OH is a sustained increase in blood pressure, both in the supine and upright posture.

[78] Fludrocortisone is readily absorbed after oral administration. Its elimination half-life is 

around 2–3 hours. Recommended starting dose is 0.1 mg a day, maximum doses are 0.3–0.5 

mg a day. Only two descriptive case series assessed the effects of fludrocortisone for the 

treatment of OH, one in patients with diabetes mellitus[79] and one in patients with 

Parkinson disease on Levodopa.[80] Assessment of the efficacy of this medication was 

based on reporting of pre-syncopal symptoms and improvements in postural hypotension as 

measured by supine and standing blood pressure during treatment. These studies suggested 

that fludrocortisone was effective in the treatment of OH based on the improvement of these 

parameters.[80] [81] Hypokalemia will develop in nearly 50% of patients, and it can appear 

within the first week of treatment. Hypomagnesemia has also been described in about 5% of 

patients. This agent should not be use in patients with prevalent heart failure. Our review of 

the available literature with a pooled sample of 121 patients with OH from four case series 

showed that 45% reported adverse events, with heart failure being the most frequent, 

affecting 11%.[80–83]

5.2.6. Agents that prevent glucose absorption for the treatment of 
postprandial OH

Physiopathology and targeted pathway: More than 90% of patients with OH have post-

prandial hypotension (PPH). PPH is defined as a decrease in blood pressure of more than 20 

mm Hg within 30 minutes after a meal. Impaired autonomic reflexes and failure to 

compensate for increased blood pooling in splanchnic circulation cause PPH. Postprandial 

hypotension occurs independently of postural changes and worsens pre-syncopal symptoms 

by reducing upright blood pressure after meals. Possible underlying mechanisms include 

release of vasoactive gut peptides in response to glucose absorption. Insulin is one of these 

peptides, however is not the solely explanation because this condition is observed in type I 

diabetes mellitus characterized by dependence on exogenous insulin.[84]

Acarbose inhibits alpha-glucosidase in the brush border of the small intestine, delaying 

glucose absorption by decreasing the breakdown of complex carbohydrates. These actions 

also decrease the release of gastrointestinal hormones and slower gastric emptying.[85] We 

showed that acute administration of 100 mg of acarbose, twenty minutes before a 

standardized meal reduced the postprandial fall in systolic blood pressure by 17 mmHg 

compared with placebo in autonomic failure patients. This effect was associated with an 

improvement in total peripheral resistance but no significant changes in cardiac output.[86] 

No serious side effects have been reported in these studies, but acarbose was only used 

Shibao and Kaufmann Page 11

CNS Drugs. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



acutely. Chronic treatment with acarbose can be associated with an increased rate of 

flatulence and loose stools as a result of specific drug effects on carbohydrate digestion. To 

minimize gastrointestinal adverse effects, treatment should be initiated with a low dose and 

gradually increased until adequate effects are achieved. In patients with autonomic failure 

suffering from PPH, we start treatment with 50 mg of acarbose once a day, twenty minutes 

before eating, usually their largest meal. The dose can be titrated up to 100 mg three times a 

day. That said, however, it is important to emphasize that this medication should be taken, as 

needed only when patients eat large carbohydrate meals or when they need to be upright 

after a meal. Acarbose is contraindicated in patients with diabetic ketoacidosis, cirrhosis, 

inflammatory bowel disease, ulcerative colitis, intestinal obstruction or any chronic intestinal 

disease that could disrupt digestion or absorption.

6. Pathophysiology of Supine Hypertension

Supine HTN is arbitrarily defined as a systolic blood pressure ≥150 mm Hg and diastolic 

blood pressure ≥90 mm Hg in the supine position.[87] It is estimated that around 50–60% of 

patients with OH would also develop supine HTN.[88] This condition is often missed 

because blood pressure is usually assessed in the seated position. The pathophysiology of 

supine HTN is multifactorial; medications use to treat OH with a long half-life like the 

mineralocorticoid, fludrocortisone, may cause supine HTN.[78] Supine HTN is also 

observed in treatment-naïve patients. It is unclear if these patients have de novo HTN or if 

they have prevalent HTN worsened by absence of baroreflex buffering that occurred as a 

result of autonomic failure.

Uncontrolled supine HTN has negative consequences in patients with OH. It limits the use 

of pressor agents to treat OH and induce pressure natriuresis particularly at night that worsen 

OH and OH-related symptoms in the morning. Furthermore, supine HTN in patients with 

OH associates with left ventricular hypertrophy and renal impairment.[89, 90]

In patients with MSA, supine HTN is likely caused by residual sympathetic activity acting 

on hypersensitive adrenoreceptors unrestrained because of ineffective baroreflex buffering. 

The ganglionic blocker, trimethaphan that completely inhibit sympathetic and 

parasympathetic transmission at the level of the autonomic ganglia normalizes blood 

pressure in MSA patients.[91]

In patients with peripheral autonomic failure (PD and PAF), the cause of supine HTN is 

unknown. Supine HTN is sustained during ganglionic blocker infusion, which indicates that 

residual sympathetic activity is not an important contributor. A study showing low 

intravascular volume and cardiac output, [92] suggest that HTN is probably caused by 

increased peripheral vascular resistance. Biaggioni and collaborators showed that in patients 

with autonomic failure renin activity is very low, almost undetectable;[93] and there is an 

excess of the vasodilator nitric oxide.[94] Hence, neither of these factors can account for the 

increased vasoconstriction that causes HTN. Recent studies, however, suggest that although 

aldosterone, is found in normal concentrations, angiotensin II found in excess, and 

inappropriate mineralocorticoid receptor activation may contributes to supine HTN. [95, 96] 

Small studies looking at the effect of anti-HTN agents that targeted specific receptors for 
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these peptides showed promising results, although only the acute effects were tested. Further 

studies that assess the chronic effect of these drugs are warranted.

7. Treatment of Supine Hypertension

We recommend to initiate treatment if the patient has evidence of target organ damage (left 

ventricular hypertrophy, impaired renal function) or if the patient has persistent systolic 

blood pressure (SBP) >180 mm Hg and diastolic blood pressure (DBP) > 110 mm Hg. 

Treatment should be individualized in subjects with a SBP 160–180 mm Hg and DBP 90–

110 mm Hg.[11] It is noteworthy that supine blood pressure throughout the day and night 

varies significantly. Patients with autonomic failure have lower blood pressures in the 

morning and as the day progresses seated and supine blood pressures increase; the highest 

blood pressure values are usually observed in the evenings prior to bedtime. Dipping, which 

is described as the decrease in blood pressure at night occurred in one-third of autonomic 

failure patients with supine HTN. [97] In these patients, multiple blood pressure 

measurements throughout the night, which can be achieved with an ambulatory blood 

pressure monitor, would help to determine if anti-HTN treatment is required.

7.1 Non-pharmacological Strategies

During the daytime, the most effective approach to manage HTN is to avoid the supine 

position particularly when using compression devices or within hours after taken pressor 

agents to treat OH. Other conservative measures to treat supine HTN include eating a sweet 

snack (≈400 Kcal) around bedtime to elicit transient post-prandial hypotension and elevating 

the head of the bed by 6 to 9 inches using a mattress wedge or an electric bed. A recent 

study suggests that passive heat application using a commercial heating pad over the 

abdomen and pelvis had blood pressure-lowering effect in autonomic failure patient with 

supine HTN. [98]

7.2. Pharmacological Therapy

The ideal pharmacological agent for the treatment of supine HTN should have the following 

characteristics: its effect should be long enough to control blood pressure during the night, 

but short enough to disappear by the following morning; it should reduce pressure 

natriuresis and volume depletion at bedtime to prevent worsening of OH in the morning and 

should prevent end-organ damage and reduce cardiovascular risk in these patients. Based on 

these characteristics and understanding of the pathophysiology of supine HTN in patients 

with nOH, we have tested a selected number of anti-HTN agents that are commercially 

available. In this section we discuss the results of small clinical trials that measure the acute 

effect of these agents on supine blood pressure in patients with supine HTN and nOH. We 

have divided the pharmacological agents according to their mode of action in 4 groups: 

agents that reduce residual sympathetic tone; direct vasodilators; agents that potentiate nitric 

oxide function; mineralocorticosteroid receptor antagonist and angiotensin receptor 

blockers, (Table 2).
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7.2.1. Agents that reduce residual sympathetic tone

Physiopathology and targeted pathways: In many patients with autonomic failure, 

particularly those with MSA, supine hypertension is driven by residual sympathetic tone 

acting on hypersensitive adrenoreceptors and unrestrained by the impairment of baroreflex 

buffering. We will discuss the role of selective α2-adrenergic agonists that act centrally to 

reduce sympathetic outflow. The only selective α2-adrenergic agonist tested in patients with 

nOH and supine HTN is clonidine.

Clonidine is a central sympatholytic agent use for the treatment of essential hypertension. 

We tested the effect of 0.1 mg clonidine p.o. versus placebo on supine HTN in 23 patients 

with autonomic failure. The medication was given at bedtime, the maximum decrease in 

blood pressure with clonidine compared to placebo was ≈26 mm Hg and occurred 6 hours 

after medication administration. The decrease in blood pressure with clonidine correlated 

with the decrease in blood pressure with the ganglionic blocker, trimethaphan, indicating 

that clonidine blood pressure-lowering effect was due to a reduction of residual sympathetic 

activity. Clonidine also reduced nocturnal sodium excretion, however we did not find an 

improvement in morning nOH or orthostatic tolerance, in part because the hypotensive effect 

carried over into the morning. This agent should be administered in the afternoon to prevent 

the residual hypotensive effect in the morning. This could be a treatment option for patients 

with MSA and severe supine HTN.

7.2.2. Direct vasodilators

Physiopathology and targeted pathway: Supine HTN in patients with conditions that 

causes peripheral autonomic denervation (PAF and PD) results from increased peripheral 

vascular resistance, which is not driven by residual sympathetic activity. Hence, short-acting 

vasodilators are central in the treatment of supine HTN. In this drug group, we discuss two 

different classes: nitric oxide donors and calcium channel blockers.

Nitroglycerin transdermal patches and short acting nifedipine effectively reduce supine 

hypertension in patients with autonomic failure. Jordan and collaborators[99] compared the 

effects of 0.05 to 0.2 mg/h transdermal nitroglycerin and 30 mg of oral nifedipine versus 

placebo in a single blind fashion. The maximal decrease in blood pressure was 36 ± 10 and 

37 ±9 mm Hg, respectively, four hours after the drug administration.[99] Even though blood 

pressure control was achieved, neither of these drugs reduced pressure natriuresis or 

improved orthostatic tolerance in the morning. Nighttime urinary volume and sodium 

excretion was similar with nitroglycerin and placebo. On the other hand, nifedipine 

increased fractional sodium excretion and worsened orthostatic tolerance. Of interest, these 

agents are not the first line treatment for essential hypertension, because they provoke reflex 

sympathetic and renin activation, and decreased survival in the elderly.[100]However in 

patients with autonomic failure these effects are not present, because baseline sympathetic 

activity is low, they lack baroreflex modulation, and baseline renin activity is very low. 

Headache is a limiting side effect.

In treatment-naïve patients, we recommend initiating treatment with 0.1 mg/hr nitroglycerin 

transdermal patch, patients should be instructed to remove the patch before standing in the 
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morning. Nifedipine is a much more potent vasodepressor agent, and the initial treatment 

should start at doses of 10 mg at bedtime.

7.2.3. Agents that potentiate nitric oxide function

Physiopathology and targeted pathway: Patients with autonomic failure, nOH and supine 

HTN have increased nitric oxide function.[94] Inhibition of nitric oxide synthase enzyme 

(that eliminates nitric oxide production) induced a larger increase in blood pressure in 

autonomic failure as compared to controls. This exaggerated response to nitric oxide-

mediated vasodilation can be harnessed for the treatment of supine HTN. We discuss the 

effect of two agents that potentiate nitric oxide function (i) phosphodiesterase 5 inhibitor, 

sildenafil citrate and (ii) third-generation beta-blocker with nitric oxide potentiating effect, 

nebivolol.

Sildenafil citrate is a phosphodiesterase 5 inhibitor approved for the treatment of erectile 

dysfunction and pulmonary hypertension. It blocks the degradation of cyclic GMP, which 

potentiate nitric oxide function, a potent vasodilator. We tested the effect of 25 mg sildenafil 

compared with placebo on eight patients with supine HTN and nOH. The maximal decrease 

in systolic blood pressure with sildenafil was ~30 mm Hg, and this effect occur 

approximately 8 hours after administration.[94] In some patients with PAF, sildenafil may 

induce hypotension lasting for several hours. Sildenafil should not be taken in combination 

with nitric oxide donors. Unfortunately, sildenafil does not have any effect on sodium 

excretion in autonomic failure patients. No side effects were observed with acute use, the 

limiting factor for the use of sildenafil citrate in supine HTN is the cost of the medication. 

However, generic forms are now available.

Nebivolol is a selective β1-adrenergic receptor blocker and is considered a third-generation 

β-blocker with unique vasodilatory actions. The vasodilatory effect of nebivolol is nitric 

oxide-dependent, this medication is thought to increase bioavailability of endothelium-

derived nitric oxide. The blood pressure-lowering effect of 5 mg nebivolol, 25 mg sildenafil, 

50 mg metoprolol and placebo on supine HTN was tested in 20 patients with supine HTN 

and nOH in a double-blind crossover fashion.[101] Nebivolol significantly lowered blood 

pressure (~40 mm Hg) at night in patients who also responded to 25 mg of sildenafil citrate. 

Similar to sildenafil, nebivolol had a neutral effect on sodium excretion. Of note, despite its 

potent blood pressure-lowering effect, this medication does not worsen morning nOH. 

Nebivolol is well-tolerated, we recommend to initiate treatment with nebivolol at doses of 

2.5 mg in the evening.

7.2.4. Angiotensin receptor blockers and mineralocorticoid receptor 
antagonist

Physiopathology and targeted pathway: The renin-angiotensin system contributes to the 

development of hypertension via actions of angiotensin II (Ang II) acting on AT1 receptors 

that promote vasoconstriction and aldosterone release. Patients with nOH have very low 

plasma renin activity, impaired renin responses to postural changes and loss of renin 

immunoreactive cells in autopsied kidneys. [93] These characteristics explain why 

angiotensin converting enzyme inhibitors have no blood pressure-lowering effect in patients 
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with OH and supine HTN.[95] Nevertheless, angiotensin II, which is the downstream 

product of renin and angiotensin I, is elevated in nOH. [95] These findings suggest that 

renin-independent mechanisms are involved in the synthesis of this peptide. Furthermore 

aldosterone levels are normal; this hormone is released from the adrenal cortex, via 

stimulation of Ang II. We discuss two medications that independently target these pathways 

the mineralocorticoid receptor antagonist, eplerenone, and the AT1 receptor blocker, 

losartan.

Eplerenone is a selective mineralocorticoid receptor antagonist; the acute blood pressure-

lowering effect of 50 mg of eplerenone versus placebo was tested in ten patients with 

autonomic failure and supine HTN.[96] Eplerenone reached peak plasma concentration ≈1.5 

hour after oral intake, the half-life of this medication is 4–6 hours. Eplerenone maximally 

decreased blood pressure by ≈32 mm Hg, eight hours after administration. The blood 

pressure effect of eplerenone is not related to its diuretic effect. Overnight sodium excretion 

was similar during eplerenone versus placebo and this medication does not negatively 

impact morning nOH. Multiple mechanisms could explain the blood pressure-lowering 

effect including blockade of aldosterone, cortisol, Angiotensin II or hormone-independent 

ligands.[96] This study only evaluated the acute effect of eplerenone on supine HTN, further 

studies are needed to determine if chronic administration of this medication worsen morning 

nOH.

Losartan is an AT1 receptor blocker (ARB), the effect of this medication on supine HTN 

was tested in 11 patients with severe autonomic failure. Losartan 50 mg successfully 

decreased blood pressure by ~32 mm Hg at 6 hours after administration.[95] Furthermore, 

losartan is the only medication that reduces pressure natriuresis and fluid loss as measured 

by changes in body weight in autonomic failure patients. Losartan had a neutral effect on 

morning nOH.[95] Treatment with ARB may have additional beneficial effects beyond the 

treatment of supine HTN. Previous studies have suggested that this class improves cerebral 

autoregulation in hypertensive patients with stroke[102] and diabetes.[103] Treatment with 

ARB may be a good choice for patients with nOH and severe supine HTN.

Conclusion

Cardiovascular autonomic dysfunction is highly prevalent in patients with PD. Recent 

evidence suggest that autonomic dysfunction including nOH may precede the appearance of 

motor symptoms. Neurogenic orthostatic hypotension in patients with PD has deleterious 

effect; it increases the risk of medical-attended falls and hospitalizations. Furthermore, nOH 

has been associated with depression and cognitive decline in PD patients. Treatment of nOH 

is challenging because of few therapeutic options with only two FDA-approved drugs 

(midodrine and droxidopa) in the past twenty years. Small studies suggest that 

fludrocortisone, octreotide, pyridostigmine, ergotamine/caffeine and yohimbine can be used 

for the treatment of nOH. A new class of drugs, NET blocker, showed promising results for 

the treatment of nOH and we are currently conducting the first clinical trial to evaluate the 

chronic effect of atomoxetine, a selective NET blocker for the treatment of symptomatic 

nOH.
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Cardiovascular co-morbidities such as supine HTN and post-prandial hypotension associates 

with nOH and complicates its treatment. Acarbose is the only available medication that 

specifically targets postprandial hypotension. Often, medications with opposing effects such 

as pressor agents and short acting anti-HTN are used in combination in patients with OH and 

supine HTN. The majority of the literature that addresses the therapeutic management of this 

condition relies on small clinical trials that investigate the acute effects of short-acting anti-

HTN medications. Among them short acting nifedipine, nitroglycerin transdermal patches, 

sildenafil, nebivolol, losartan and eplerenone showed blood pressure-lowering effect.
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Key Points

• Cardiovascular autonomic dysfunction, particularly neurogenic orthostatic 

hypotension (nOH), is relatively common in patients with PD and occurs 

before the development of motor symptoms.

• Neurogenic orthostatic hypotension has deleterious effects; it increases the 

risk of medical-attended falls and hospitalizations and is associated with 

depression and cognitive decline.

• Treatment of nOH is challenging because of few therapeutic options. Only 

midodrine and droxidopa (approved in the US and Japan) have evidence from 

randomized clinical trials supporting its use for the treatment of nOH.

• Supine hypertension occurs in 50–60% of patients with nOH. Treatment for 

this condition should be individualized based on the severity of hypertension 

and target organ damage.
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Figure 1. 
Continuous heart rate (HR) and blood pressure monitoring during 70-degree head up tilt in a 

normal control (left) and in patient with autonomic failure (right).
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Table 1

Pharmacological Agents Used in the Treatment of Neurogenic Orthostatic Hypotension and Autonomic 

Failure

Medications Mode of action Doses

Droxidopa** Increase norepinephrine levels 100–600 mg t.i.d.

Yohimbine (require compounding) Stimulate residual SNS activity by antagonizing on α2 
receptors

5.4 mg t.i.d.

Pyridostigmine Enhances ganglionic transmission and SNS activity, 
acetylcholinesterase inhibitor, peripheral action

30–60 mg t.i.d.

Atomoxetine Stimulate SNS by blocking norepinephrine reuptake 10–18 mg b.i.d.

Midodrine* Direct vasoconstrictor, α1 adrenergic agonist 2.5–10 mg t.i.d.

Ergotamine and caffeine (caffergot) avoid 
coronary artery disease

Direct vasoconstrictor, venoconstrictor (1 mg ergotamine, 100 
caffeine) once a day

Octreotide Splanchnic vasoconstrictor 12.5–50 ug SQ, once a day

Fludrocortisone
avoid heart failure

Volume expansor, synthetic mineralocorticosteroid 0.1–0.3 mg/day

Acarbose
avoid inflammatory bowel disease

Reduce post-prandial glucose and decrease insulin release 
and other vasoactive gut peptides

50–100 mg, ten minutes 
before large meal

*
Approved for the treatment of orthostatic hypotension (US, Europe, Japan);

**
Approved for the treatment of neurogenic orthostatic hypotension (US and Japan); t.i.d. three times a day; SQ subcutaneous
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Table 2

Pharmacological Agents Used in the Treatment of Supine Hypertension in Autonomic Failure

Medications Mode of action Doses

Clonidine Central sympatholytic agent, reduce residual sympathetic activity. Drug 
of choice in MSA patients with supine HTN

0.1 mg evening

Nitroglycerin transdermal patch Nitric oxide donor. Target increased peripheral vascular resistance. 
Recommended in PAF and PD patients

0.1–0.2 mg/hr applied at 
bedtime, remove in the 

morning

Short acting nifedipine Calcium channel blocker. Target increased peripheral vascular 
resistance. Recommended in patients with refractory supine HTN.

10–30 mg bedtime

Sildenafil citrate Potentiate nitric oxide effect 25 mg bedtime

Nebivolol Third generation beta blocker with vasodilatory properties. Potentiate 
nitric oxide function

2.5–5 mg bedtime

Eplerenone Selective mineralocorticoid antagonist. Target inappropriate MR 
receptor activation in autonomic failure

50 mg bedtime

Losartan AT1 receptor blocker. Target increased Angiotensin II levels in 
autonomic failure

50 mg bedtime

MR, mineralocorticoid receptor.
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