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58 yo
Reason for referral

7 year‐history of urinary urgency, frequency and impaired urinary flow, associated with 
erectile dysfunction 

• Family and medical history:
– Not relevant

• Ongoing therapy: 
– Atorvastatin 20mg/day

• Further history:
– Episodes of blurred vision and instability 

when standing, particularly in hot weather 
and after meals

– No losses of consciousness

Orthostatic hypotension?

Clinical signs of Parkinsonism / Dementia?



58 yo
Reason for referral

7 year‐history of urinary urgency, frequency and impaired urinary flow, associated with 
erectile dysfunction 

• Clinical evaluation:
– Neurological examination was normal. MMSE: 30/30. 
– Blood pressure (BP) measurement during standing test revealed 

Orthostatic Hypotension (OH)

• Standing test
– BP supine: 139/76mmHg HR: 78bpm
– BP standing 3rd minute: 111/62mmHg HR 83bpm
– ΔHR/ΔSBP ratio = 0,28  neurogenic OH

Isolated neurogenic autonomic failure



58 yo
Diagnostic workup

• Urodynamic study consistent with neurogenic bladder. Post‐void residual: 160ml.

• Hematological, biochemical, immunological tests (including paraneoplastic, infectious, 
metabolic and autoimmune screening tests): normal  Secondary causes of OH were excluded

• Antibodies to the neuronal nicotinic acetylcholine receptor: negative

• Cardiological evaluation: negative 

• Brain MRI: normal

• Cerebrospinal fluid analysis: normal

• Nerve conduction studies and electromyography (EMG): normal

• vPSG: normal sleep efficiency. Physiological muscular atonia during REM sleep.

(Pure) neurogenic autonomic failure
Goldstein 2009 



58 yo
Cardiovascular reflexes tests (CRT)



58 yo
Cardiovascular reflexes tests (CRT)

• CRTs confirmed OH (delayed) and showed absence of phase IV BP overshoot of the Valsalva 
maneuver, a sign of sympathetic failure. 

• Plasma noradrenaline (NA) reported normal values in the supine position with no increase 
during standing. 

Central (Pure) neurogenic autonomic failure 
with OH and SH

Freeman 2011 

Other autonomic and imaging tests

• A 24 hour‐assessment of BP revealed supine systolic hypertension (SH) and absence of the 
physiological nocturnal decrease of BP (non‐dipper pattern). 

• Iodine‐123 meta‐iodobenzylguanidine (MIBG) myocardial scintigraphy showed normal cardiac 
sympathetic innervation.



58 yo

Diagnosis
• Considering the long duration of Autonomic failure, the normal neurological 

examination after 7 years from autonomic symptoms onset and the results of 
pharmacological tests, a diagnosis of PAF was made. 

Management

• The patient started treatment with droxidopa and fludrocortisone, with good response



66 yo Follow‐up

• Evaluated at least once a year during the disease course

• 8 years after the onset of autonomic symptoms, he experienced a worsening of 
autonomic symptoms and complained of less dexterity in his right leg

• During the history update the patient referred since the previous year several 
episodes where he could shout, kick and punch, referring that he was dreaming of 
quarreling with someone. He fell from bed during these episodes twice.

• Examination: rigidity and bradykinesia of his right limbs, gait ataxia and bilateral 
hyper‐reflexia with bilateral Babinski sign

development of parkinsonian, cerebellar and 
pyramidal signs



66 yo Follow‐up
Diagnostic workup

• Brain MRI was repeated and showed thinning of cerebellar peduncles. 

• Dopamine transporter imaging (DaTSCAN) showed reduced uptake in the caudate and putamen 
bilaterally. 

• CTRs confirmed previous results, showing a worsening of OH. 

• Nocturnal videopolysomnography (VPSG) loss of physiological muscle atonia in REM sleep and absence of 
stridor 

Management

• Patient started treatment with levodopa without any significant clinical improvement and developed oro‐
lingual and left hand dyskinesias 

Clinically established MSA with predominant 
parkinsonism (MSA‐P)

Wenning 2022



MSA Criteria



Subsequent Follow‐up
• Over the following three years, he developed hypophonia, symmetrical and severe parkinsonism with 

camptocormic posture and Pisa syndrome. He became wheelchair bound due to severe gait ataxia and OH

• He died of pneumonia 11 years after autonomic symptom onset

Neuropathology
Intracellular protein aggregates of alpha‐synuclein in oligodendroglial cells, consistent with GCI, in the white 

matter of basis pons, mesencephalus, medulla oblongata, thalamus and basal ganglia

Neuropathologically established MSA
Wenning 2022



EARLY CLINICAL MANIFESTATIONS OF ALPHA‐
SYNUCLEINOPATHIES IS BECOMING A STRONG RESEARCH 

FOCUS

• Cohort studies of individuals generated novel insight into 
the conversion of this group into clinically established 
synucleinopathies.
• Pure/Isolated autonomic failure (PAF/IAF)

and….

• Isolated RBD



Benarroch, Continuum Neurol, 2020
Amici and Zoccoli, in Autonomic Nervous System and Sleep, 2021



There is a close relationship 

between the autonomic 

nervous system and sleep 

from both biological and 

clinical perspectives. The 

neuronal populations 

participating in the transition 

from wake to sleep and in the 

subsequent development of 

the sleep stages are localized 

near to and reciprocally 

interconnected with the ANS 

areas involved in 

cardiovascular control.

anterior cingulate and

insular cortex

ventromedial prefrontal

central nucleus
of the amygdala

paraventricular nucleus

lateral hypothalamic area

periaqueductal gray 
parabrachial region

nucleus of the 
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medulla

intermediate
reticular zone

preoptic area

Central autonomic network

Saper et al., Nature 2005

Montagna et al., 2008



Malfertheiner, Front Neurol, 2021
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PREMOTOR

Retrospective cohort study 
- 318 patients with a nOH diagnosis at the initial 
evaluation 
- 79 subjects followed up for at least 3-years 
- Estimated conversion rate between 12% and 48% 

(38/318 and 38/79)

Prospective study
- 100 consecutive patients with IAF 
- 74 subjects longitudinally followed up
- 34% of cumulative incidence of phenoconversion  

during a limited 4-year follow-up period (around 
14% per year) 



Neurology 2017;88:1129‐1136



Risk Prediction for Phenoconversion
• Probable RBD strongly associated with phenoconversion (OR: 7.1, CI: 1.5–33.5)

• Probable RBD + deficits in olfaction (UPSIT<30)  phenoconversion to PD/DLB (OR: 6.3, CI: 1.3–29).

• Probable RBD + preserved olfaction (UPSIT>30)  phenoconversion to MSA  (OR: 22.5, CI: 3.8–51).

• Supine HR>70bpm + supine plasma NE>110pg/ml  phenoconversion to MSA  (OR: 18, CI:1.9–66).

• Supine HR<70bpm + HR response to tilt<10bpm  phenoconversion to PD/DLB (OR: 4.8, CI: 1.4–16). 



Brain. 2024

209 participants with PAF with a median disease duration of 6 years (IQR: 3-10)
143 (68%) had evidence of subtle motor signs 

146 participants completed baseline
33% phenoconverted (median of 6 years after enrollment)

PD n=20, 42%
DLB n=17, 35%

MSA n=11, 23% (7 MSA-P, 4 MSA-C)



Brain. 2024

Urinary symptoms were 
important predictors of 

phenoconversion, 
especially to MSA. 



Retrospective study
- 98 patients showing IAF
- 50 patients with a 5-year history of IAF longitudinally followed up and without 

subtle nonspecific neurologic deficits at the time of enrolment
- 16 (32%) of phenoconversion to a manifest central nervous system synucleinopathy
- 10 patients with MSA, 2 DLB, 1 PD, 3 undefined parkinsonism.



The converters group more frequently presented 
with urinary dysfunction (75.0% vs. 32.4%, p = 
0.035)

urinary urgency/frequency  0 vs. 4.5 y (p = 0.0480) 

incontinence  5.5 vs. 13 y (p = 0.0357)

p= 0.0339

p= 0.0281

Stridor characteristic of converters groups, i.e., a 
hallmark of MSA



‐ VR ≥1.25  associated with phenoconversion

‐ MIBG‐SPECT normal heart‐to‐mediastinum ratio in 6 patients (4 patients with MSA 
and 2 with ncIAF) and a reduced ratio in 21 (3 patients with PD, 2 with DLB, and 16 with 
ncIAF).



long‐standing isolated autonomic 
failure that converted to MSA 
after 8 and 11 years from 

symptom onset 
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DOSAGGIO DELLE CATECOLAMINE



Goldstein. Lancet 2003; 2:669 - 676

Catecolamine
Ortostatismo







PD/DLB



MSA
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 Autonomic impairment is a frequent collateral finding in
iRBD patients.

 The co‐occurrence of these disorders could arise from
degeneration of adjacent structures controlling REM sleep
and ANS in the brainstem.

Chiaro et al., Clin Aut Res, 2018



Baldelli et al., in review

Bologna iRBD Cohort
FUConverter

s
# iRBD

∼5y12 64

p=0.023

p=0.046

Neurogenic OH

Abnormal Valsalva Overshoot
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OH and CI: causal link?

1. CI should probably be considered more a transient symptom

of OH than a chronic effect

2. Low blood pressure can decrease cerebral blood flow leading

to functional and ultimately structural damage (white matter

abnormalities)

3. The neurodegenerative process leading to CI or dementia

syndromes involved also the areas devoted to cardiovascular

autonomic control, so that neurodegeneration can be the

cause of both CI and OH.

© Luca Baldelli 2023 – do not redistribute





1. Isolated (Pure) Autonomic failure is a (prodromal)

synucleinopathy with involvement of the peripheral ANS

2. Conversion time to an overt central neurodegenerative disease

can be long, but present.

3. Further involvement of motor, cognitive and sleep domains

increases the risk of conversion.



Q&A: WHICH ARE THE AIM OF OH 
TREATMENT?

Reduce 
frequency and 
intensity of OH 

symptoms 

Normalize 
blood pressure 

values



• Reduce recurrence and severity of postural 

symptoms

• NO need to recover normotension

• In non neurogenic OH find and (if possible) trat the 

cause

Therapeutic goals
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A four step process for treating OH

47

Gibbons et al. 2017

1.Medication 
Review

2.Non-
Pharmacologic 

Measures
3.Pharmacologic 

Measures
4.Combination 
Pharmacologic

Measures

Modify or remove
medications that can 
cause or worsen OH 

Fluid, salt, 
compression

stockings, abdominal
binders, exercise

Fludrocor� sone, 
midodrine, droxidopa, 

pyridos� gmine
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A four step process for treating OH
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Gibbons et al. 2017

1.Medication 
Review 

Modify or remove 
medications that can 
cause or worsen OH 

• Alpha-1 adrenergic antagonists

• Dopaminergic agents

• Antidepressants (particularly tricyclic agents)

• Anticholinergics Anti-hypertensive agents Preload 

reducers

• Diuretics

• Nitrates

• Phosphodiesterase E5 inhibitors

• Vasodilators

• ..
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A four step process for treating OH
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Gibbons et al. 2017

1.Medication 
Review 

2.Non-
Pharmacologic 

Measures

Modify or remove 
medications that can 
cause or worsen OH 

Fluid, salt, 
compression 

stockings, abdominal 
binders, exercise
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A four step process for treating OH
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Gibbons et al. 2017

2.Non-
Pharmacologic 

Measures

• Increase water intake (2-2,5 L/day)

• Adequate salt intake

• Use compression garments 

(abdominal binders)

• Elevate the had of the bed for sleeping

• Physical conditioning

• Eat small meals with less 

carbohydrates

• Avoid increases in body  temperature

• Avoid straining or maneuvers that 

increase intrathoracic pressure



Jordan J et al. Lancet 1999; Shannon et al. Am J Med

Water pressure effect



Parametri emodinamici durante ingestione di ACQUA

Young TM 2004

PAF MSA



Physical counter‐maneuvers

Wieling et al 2015 



54

25 cm

Elevate the had of the bed for sleeping
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A four step process for treating OH
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Gibbons et al. 2017

1.Medication 
Review 

2.Non-
Pharmacologic 

Measures
3.Pharmacologic 

Measures

Modify or remove 
medications that can 
cause or worsen OH 

Fluid, salt, 
compression 

stockings, abdominal 
binders, exercise

Fludrocortisone, 
midodrine, droxidopa, 

pyridostigmine
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A four step process for treating OH

59

Gibbons et al. 2017

3.Pharmacologic 
Measures

• Midodrine 

• a 1-adrenoreceptor agonist 

• 2.5-7.5 mg TID (waking hours)

• side effects: supine hypertension, skin itching, and urinary retention. Caution in patients 

with heart failure and chronic renal failure 

• Droxidopa
• pro-drug that is converted into norepinephrine 
• 100-600 mg TID (waking hours)

• side effects: headache, dizziness, nausea, fatigue, and supine hypertension. Caution in 

patients with heart failure and chronic renal failure 



Midodrina (Gutron)
Pro-drug later converted to desmo-glymidodrine, selective 1-adrenergic agonist. 

Effective in tp of NOH by increasing total peripheral resistances.
• Few OL and DB studies. "Disappointing" results from systematic reviews.
• Lack of studies on long-term efficacy

Rapidly absorbed gastrointestinally. 
Peak 30 min. Half-life: 3-4 h. 
Does not pass blood-brain barrier

Daily dose: cp 2.5 mg >> max 30 mg/day in 3 administrations.
Do not take more than 4-5 h before bedtime

Side effects: urinary retention, itching, piloerection, irritability 
Insomnia.
Do not use in ischemic heart disease/urinary retention
Renal excretion (keep renal function monitored).



L-threo DOPS (Droxidopa) 
Synthetic aminoacid >> decarbossilated into Norepinephrine

Effective on symptoms of NOH vs. placebo 

(no comparative studies with midodrine 
available)

Approved by FDA

NOT marketed in Europe.

Dosage: 100mgx3 to 600mgx3/day 

Starting by increasing by 100 mgTID/24-48h

Side effects: hypertension

Less likely to cause clinostatic hypertension
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• Fludrocortisone

• Mineralcorticoid expanding intravascular blood volume

• 0.1–0.2 mg/day

• side effects: supine hypertension, hypokalemia, and edema. Caution in patients with 

congestive heart failure.

• Pyridostigmine

• acetylcholinesterase inhibitor potentiates neurotransmission at peripheral cholinergic 

synapses amplifying the increased sympathetic nerve activity in response to orthostatic 

stress. 

• 30–60 mg once to three times per day 

• side effects: abdominal cramps, diarrhea, sialorrhea, excessive sweating, and urinary 

incontinence. 

A four step process for treating OH

62Gibbons et al. 2017

3.Pharmacologic 
Measures



Fludrocortisone
mineralcorticoide, favorisce riassorbimento di sodio a livello renale e  

determina espansione volume plasmatico aumentando così PA

Poor evidence of efficacy in OH treatment
Does NOT have specific indication

Long duration
Easily causes clinostatic hypertension

Dosage: 0.1-0.3 mg/day to be increased gradually. 

Side effects: hydro-saline retention, oedema, hypoK, peripheral oedema, 
congestive heart failure >> frequently discontinued (1/3 pc)
Contraindicated in cardiopathic patients. 
Requires K+ monitoring before and after tp and K+ supplementation



AMPRELOXETINE
Inibitore elettivo del reuptake della NA

potent selective NE reuptake inhibitor (NRI). Inhibition of norepinephrine
transport mechanism increases synaptic NE released from the system > 
useful for tapping "residual sympathetic tone." 

Used in ADHD and Fibromyalgia

One administration per day
Dose: 2 to 50 mg/day (20 mg/day)

Half-life (t1/2): 30-40 hours, reaches steady state within 6 days. 

Improved safety profile compared to other mechanisms of action (nausea, 
dry mouth, headache, dizziness, somnolence, fatigue, diarrhea, insomnia, 
vomiting, syncope, seizures, constipation, hyponatremia, hyperhidrosis, 
urinary retention, and decreased appetite)

More than 90% eliminated through metabolism and CYP1A2









DOSEMECHANISM OF ACTIONDRUG

2.5 – 5mg TIDα and β adrenergic agonistEtilefrine

6mg/day to 4mg TIDα2 adrenergic receptor
antagonist

Yohimbine

Nasal spray (10-40 mcg) or 
orally 100-400 mcg/day

Synthetic vasopressin 
analogue (action on V2
receptors in renal collecting 
tubules)

Desmopressin

25 to 75 units/Kg 3 
times/week

Increases production of red 
blood cells

Erythropoietin

50 mcg subcutaneously 30 
min before each meal

Inhibits the release of 
vasoactive gastrointestinal 
peptides in response to food 
ingestion

Octreotide (somatostatin
analogue)

50mg before mealAlpha-glucosidase inhibitor 
and hypoglycemic agent

Acarbose

POST-PRANDIAL 
HYPOTENSION

POST-PRANDIAL 
HYPOTENSION

ANEMIA

NOCTURIA
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A four step process for treating OH
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Gibbons et al. 2017

1.Medication 
Review 

2.Non-
Pharmacologic 

Measures
3.Pharmacologic 

Measures
4.Combination 
Pharmacologic

Measures

Modify or remove 
medications that can 
cause or worsen OH 

Fluid, salt, 
compression 

stockings, abdominal 
binders, exercise

Fludrocortisone, 
midodrine, droxidopa, 

pyridostigmine
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Palma and Kaufman 2018



SIDE EFFECTSDOSEMECHANISM OF 
ACTION

DRUG

Supine hypertension, 
headache, goose 
bumping, scalp itching, 
urinary urgency or 
retention

2.5-10 mg, 2-3 times/day
(no later than 4 p.m. to 
avoid supine 
hypertension at night-
time)

Peripheral α1-adrenergic 
agonist  arterial and 
venous vasoconstriction

Midodrine

Supine hypertension, 
headache, dizziness, 
nausea

100-600 mg, 3 times/dayNorepinephrine precursorDroxidopa

Supine hypertension, 
headache, worsening 
heart failure, edema, 
hypokalemia

0.1-0.2 mg, once dailyIncrease renal sodium 
and water reabsorption 
volume expansion 

Fludrocortisone

Bradycardia, increased 
salivation, abdominal 
cramps, diarrhoea

30-60 mg, 2-3 times/dayInhibitor of cholinesterase 
 enhances signal 
transmission in the 
autonomic ganglia while 
upright

Pyridostigmine

FDA 
APPROVED

FDA 
APPROVED

OFF-
LABEL

OFF-
LABEL



Pharmacologic treatment – what’s new?

• Norepinephrine reuptake inhibitors

 Atomoxetine

 Ampreloxetine
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