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Pure autonomic failure is challenging as it can be the presenting feature of a central 
nervous system syncleinopathy such as Parkinson’s disease (PD) or multiple system 
atrophy (MSA). Because the prognosis of MSA and PD is so different, predictive features 
for a possible conversion can be extremely valuable. In this paper, we report three cases 
(two with autopsy-proven diagnosis) that had isolated AF for many years before con-
verting to MSA or PD. Of all the tests that were performed during the premotor stage, 
Iodine-123-meta-iodobenzylguanidine (MIBG) myocardial scintigraphy was predictive of 
the conversion to MSA. We suggest that MIBG myocardial scintigraphy, when performed 
in patients with isolated AF, may be a valuable predictor of conversion to MSA. On the 
contrary, the role of such test in parkinsonian patients irrespective of the presence of AF 
is still to be clarified.

Keywords: autonomic failure, parkinson’s disease, multiple system atrophy, Iodine-123-meta-iodobenzylguanidine 
myocardial scintigraphy, orthostatic hypotension

INtRoDUCtIoN

Pure autonomic failure (PAF) is defined as an idiopathic sporadic disorder characterized by ortho-
static hypotension (OH) usually with evidence of more widespread AF and no other neurological 
signs (1). PAF is a Lewy body disease with prominent loss of peripheral sympathetic noradrenergic 
nerves.

As isolated sympathetic AF can be the presenting feature of a central nervous system (CNS) 
synucleinopathy like Parkinson’s disease (PD) or multiple system atrophy (MSA), a 5-year duration 
of autonomic symptoms is required to make a diagnosis of PAF. Nevertheless, description of PAF 
patients evolving to PD (2) or MSA has been reported (3).

Hence, because the prognosis of MSA and PD is so different (4), the use of ancillary tests for 
predictive features in patients with PAF or isolated AF can be extremely valuable. Here, we report 
three cases (two with autopsy-proven diagnosis) that had isolated AF for many years before convert-
ing to MSA or PD. Clinical assessment and diagnostic work-up throughout their disease course were 
carried out at our Institution. All patients had given their written informed consent to personal data 
processing for research purposes.
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BaCKGRoUND

Case Report 1
This patient (aged 50–60 years) with unremarkable past medical 
and family history was admitted with a 7-year history of urinary 
urgency, frequency, and impaired urinary flow, associated with 
erectile dysfunction. The patient had previously undergone 
an urodynamic study consistent with neurogenic bladder. 
The patient also had episodes of blurred vision and instabil-
ity on standing, particularly in hot weather and after meals. 
Neurological examination was normal. Blood pressure (BP) 
measurement revealed OH (5) confirmed by cardiovascular 
autonomic tests (6) that also showed absence of phase IV BP 
overshoot of the Valsalva maneuver, a sign of sympathetic 
failure. BP exaggerated response to intravenous infusion of 
noradrenaline (NA) (denervation supersensitivity) consistent 
with a sympathetic efferent dysfunction was also observed. 
A 24-h assessment of BP revealed supine systolic hyperten-
sion and absence of the physiological nocturnal decrease of 
BP (non-dipper pattern). A diagnosis of neurogenic OH and 
supine hypertension was made. Secondary causes of OH (7) 
were excluded (normal hematological, biochemical, immuno-
logical tests, and cardiological evaluation; negative paraneo-
plastic, infectious, metabolic, and autoimmune screening tests 
including antibodies to the neuronal nicotinic acetylcholine 
receptor; normal brain MRI, cerebrospinal fluid analysis, nerve 
conduction studies, and electromyography). Iodine-123-meta-
iodobenzylguanidine (MIBG) myocardial scintigraphy showed 
normal cardiac sympathetic innervation (the patient did not 
take any drug that could possibly interfere with results). Despite 
this finding, considering the long duration of AF, the normal 
neurological examination after 7 years from autonomic symp-
tom onset and the results of pharmacological tests, a diagnosis 
of possible PAF was made. The patient started treatment with 
droxidopa and fludrocortisone, with good response. During the 
following year (8  years after autonomic symptom onset), the 
patient experienced a worsening of autonomic symptoms and 
complained of less dexterity in the right leg. On examination, 
the patient presented with rigidity and bradykinesia of the right 
limbs, slight cerebellar ataxia, and bilateral hyperreflexia with 
Babinski sign. Brain MRI was still normal. Dopamine trans-
porter imaging (DaTSCAN) showed reduced uptake in the cau-
date and putamen bilaterally. Cardiovascular autonomic tests 
confirmed previous results. Nocturnal videopolysomnography 
(VPSG) showed physiological muscle atonia in REM sleep and 
absence of stridor. Patient started treatment with levodopa 
without any significant motor improvement and developed 
orolingual dyskinesias. Due to the presence of cerebellar signs 
and absence of LD responsiveness, a diagnosis of probable MSA 
with predominant parkinsonism was made. Over the follow-
ing 3  years, the patient developed hypophonia, symmetrical 
and severe parkinsonism with camptocormic posture and Pisa 
syndrome and also showed a worsening of cerebellar ataxia. 
The patient became wheelchair bound due to severe cerebellar 
ataxia and OH. The patient died of pneumonia 11 years after 
autonomic symptom onset.

Case Report 2
This patient had been entirely well until the age of 46–50 years, 
when complained of reduced urinary stream associated with 
incomplete bladder emptying and sexual dysfunction. Treatment 
with anticholinergic drugs was ineffective. The patient started 
intermittent self-catheterization and suffered from recurrent 
urinary tract infections. Seven years later, the patient reported 
episodes of blurred vision and dizziness on standing and after 
exercise with occasional transient loss of consciousness, and 
constipation. By the same time, the patient’s mate reported epi-
sodes of sleep talking and acting out of dreams. The patient also 
presented with episodes of nocturnal awakening with breathing 
difficulty; a diagnosis of moderate OSAS was made by another 
Institution and continuous positive airway pressure therapy was 
introduced. Three years later, the patient was referred to our 
Clinic. Neurological examination was normal. Cardiovascular 
autonomic tests gave results consistent with neurogenic OH and 
failure of sympathetic and parasympathetic branches of the auto-
nomic nervous system. Pharmacological studies with infusion of 
increasing doses of NA showed moderate noradrenergic recep-
tors’ supersensitivity. Secondary causes of OH were excluded. 
MIBG myocardial scintigraphy was normal. Urodynamic studies 
showed atonic bladder with normal compliance and reduced sen-
sitivity. Brain MRI and DaTSCAN were normal. The patient was 
diagnosed with PAF and started treatment with fludrocortisone 
with good response. The following year (11 years after autonomic 
symptom onset) the patient noticed difficulty in coordinating 
movements and speech impediment. The patient also reported 
loss of sweating in the whole body and cold hands. Neurological 
examination at this time showed mild limb and gait ataxia, 
hypotonia, scanning speech, horizontal nystagmus, and bilateral 
Babinski sign. Cardiovascular autonomic tests confirmed previ-
ous results. A 24-h assessment of BP showed a non-dipper pattern. 
VPSG showed absence of physiological muscle atonia in REM 
sleep, severe OSAS, and laryngeal stridor. A diagnosis of probable 
MSA with predominant cerebellar features was made. During 
the follow-up, the patient showed a progressive worsening of his 
general conditions. The patient died of respiratory failure during 
sleep 14 years after autonomic symptom onset.

Case Report 3
This is a 65–70-year-old patient with a past medical history of 
hypertension and mild chronic kidney failure, who developed in 
the previous year dizziness and light-headedness after standing, 
worse after meals, in hot climate, and after mild exercise. The 
patient had suffered for the past 5 years from urinary urgency, fre-
quency, and sexual dysfunction. Neurological examination was 
normal. Cardiovascular autonomic tests and 24-h BP monitoring 
confirmed neurogenic OH and cardiovascular AF. Secondary 
causes of OH were excluded. Brain MRI and DaTSCAN were 
normal. MIBG myocardial scintigraphy was consistent with 
sympathetic cardiac denervation. VPSG showed presence of 
physiological muscle atonia in REM sleep and absence of respira-
tory disturbances. The patient received the diagnosis of PAF and 
started treatment with midodrine. The patient was assessed regu-
larly at our Institution and remained stable during follow-up. The 
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FIGURe 1 | alpha-synuclein histopathology in patients 1 and 3. Case 1: alpha-synuclein aggregates consistent with glial cytoplasmic inclusions (GCI) in the 
white matter of basis pons [(a) ×400]; isolated neuronal cytoplasm inclusions and GCI in the basis pons [(B) ×400], numerous GCI in the white matter of cerebellum 
[(C) ×400]; Case 3: Lewy body like intraneuronal and neuritic aggregates of alpha-synuclein in peripheral sympathetic ganglia (D,e), medulla oblongata (F), and 
substantia nigra (G). Original magnification [(D) ×400; (e,F) ×200].
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patient died of acute myocardial infarction 6 years later (9 years 
after autonomic symptom onset).

pathology
At autopsy, the left cortical and cerebellar hemispheres and 
the left half of the brainstem were immersed in 10% buffered 
formalin, whereas parts of the right brain were frozen and 
stored at −80°C. In addition to routine histochemical stainings, 
monoclonal antibodies specific for the proteins beta-amyloid 
(clone 4G8), phospho-tau (clone AT8), and alpha-synuclein 
(clone LB509) were employed for immunohistochemical 
studies.

Case 1
Macroscopic examination revealed a diffuse tissue softening, 
especially involving the cerebral cortex, as well as a moder-
ate atrophy of the striatum, brainstem, and cerebellum. 
Microscopic examination showed a moderate, focally severe, 
neuronal loss, and gliosis involving the substantia nigra, 
putamen and caudate nuclei, dentate nucleus of cerebellum, 
and cerebellar Purkinje cells. Additional findings included 
a moderate to severe demyelination and gliosis of cerebellar 
white matter, the presence of numerous “red neurons” in the 
cerebral cortex and hippocampus and petechial hemorrhages 
associated with microglial infiltration and astrogliosis involv-
ing the periventricular areas of the hypothalamus, thalamus, 
and mesencephalus.

Immunohistochemistry revealed numerous intracellular 
protein aggregates of alpha-synuclein in oligodendroglial cells, 
consistent with glial cytoplasmic inclusions, in the white matter 
of basis pons (Figure 1A), cerebellum (Figure 1B), mesencepha-
lon, medulla oblongata, and to a lesser extent in the thalamus 
and basal ganglia. Neuronal cytoplasm inclusions and neurite 
inclusions were sparse and limited to the basilar pontine nuclei 
(Figure 1C).

Neuropathological diagnosis was MSA associated with 
hypoxic/ischemic changes and Wernicke encephalopathy.

Case 3
Macroscopic examination was unremarkable except for a mild 
diffuse cerebral cortical atrophy. Microscopic examination of 
H&E stained sections only showed sparse amyloid plaques 
in the cerebral cortex. Immunostaining for alpha-synuclein 
revealed abnormal intracellular aggregates of the protein, 
consistent with Lewy or Lewy-like bodies and neuritis, in the 
peripheral sympathetic ganglia (Figures 1D,E), in the dorsal 
vagal nucleus (Figure 1F), locus coeruleus, brainstem reticular 
formation, and substantia nigra (Figure 1G) (Braak stage III). 
Quantitatively, while the abnormal protein aggregates were 
numerous in the peripheral ganglion, only rare sparse deposits 
were seen in the CNS structures. A-beta staining demonstrated 
positive diffuse and core-centered plaques in the cerebral 
cortex of all lobes, and multifocal deposits in the striatum, 
amygdala (Thal phase III), whereas P-Tau immunostaining 
was negative. The score for level of Alzheimer’s disease (AD) 
neuropathological change according to NIA-AA criteria (8) 
was A2 B0.

Neuropathological diagnosis was Lewy body disease involving 
both the peripheral nervous system (e.g., autonomic ganglia) and 
CNS (Braak stage III) associated with mild AD neuropathological 
changes.

DIsCUssIoN

We report two cases (one autopsy confirmed) of long-standing 
isolated autonomic failure that converted to MSA after 8 and 
11  years from symptom onset, respectively, and a third case 
diagnosed with PAF that had autopsy findings consistent 
with Braak staging for PD. First, our cases confirm that even 
after a period of 5 years necessary to make the diagnosis, PAF 
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patients can still evolve into a CNS synucleinopathy, consistent 
with previous reports (2). Second, our paper shows that MIBG 
myocardial scintigraphy performed in patients with isolated 
neurogenic OH is predictive of the conversion to MSA. MIBG 
myocardial scintigraphy is used to assess cardiac sympathetic 
innervation, as MIBG uptake in the myocardium reflects the 
density of postganglionic sympathetic nerve fibers. Due to the 
different pathophysiological mechanisms underlying AF in 
these two conditions (i.e., a postganglionic impairment in PD 
and preganglionic in MSA) (9) a reduced uptake of MIBG is 
observed in PD patients and a normal uptake in MSA patients 
(10). However, it is important to keep in mind that while 
PD +  OH usually show abnormal MIBG uptake, PD without 
OH may display a normal scan (10). PAF patients, along with 
PD + OH patients, usually show cardiac denervation, consist-
ent with a postganglionic sympathetic nerves involvement (10). 
MSA may also show a decrease in cardiac uptake of MIBG in 
few cases, especially with longer disease duration (11). Case 1 
and 2 of our series were diagnosed with PAF because of the 
long duration of isolated AF and exclusion of secondary causes. 
However, they presented with a normal MIBG myocardial scin-
tigraphy, which was the only exam that correctly predicted the 
diagnosis of MSA subsequently. Case 3 was diagnosed as PAF in 
life, but had neuropathological findings consistent with Braak 
staging at autopsy. We can speculate that if this patient had 
lived longer, the patient would have developed PD associated 
with AF. Hence, we suggest that MIBG myocardial scintigraphy, 
when performed in patients with isolated AF, may be a valu-
able predictor of conversion to MSA. On the contrary, the role 
of such test in patients with parkinsonism irrespective of the 

presence of OH is still to be clarified. The strengths of our study 
were the accurate clinical assessment of each patient performed 
at our Institution by movement disorder expert neurologists, 
combined with instrumental tests for autonomic function and 
sleep, the long follow-up, the autopsy-proven diagnosis in two 
cases and the high probability level of diagnosis of the third 
case, based on current consensus criteria and absence of features 
suggesting other diagnosis. The number of our cases does not 
allow firm conclusions; therefore, prospective studies with large 
cohorts of patients are needed to confirm our results. However, 
our findings may still be valuable to direct future research in 
this interesting field.
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