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Abstract
Purpose of Review  Autonomic neuropathies are a complex group of disorders and result in diverse clinical manifestations 
that affect the cardiovascular, gastrointestinal, urogenital, and sudomotor systems. We focus this review on the diagnosis 
and treatment of peripheral autonomic neuropathies. We summarize the diagnostic tools and current treatment options that 
will help the clinician care for individuals with peripheral autonomic neuropathies.
Recent Findings  Autonomic neuropathies occur often in conjunction with somatic neuropathies but they can also occur in 
isolation. The autonomic reflex screen is a validated tool to assess sympathetic postganglionic sudomotor, cardiovascular 
sympathetic noradrenergic, and cardiac parasympathetic (i.e., cardiovagal) function. Initial laboratory evaluation for auto-
nomic neuropathies includes fasting glucose or oral glucose tolerance test, thyroid function tests, kidney function tests, 
vitamin-B12, serum, and urine protein electrophoresis with immunofixation. Other laboratory tests should be guided by the 
clinical context. Reduced intraepidermal nerve density on skin biopsy is a finding, not a diagnosis. Skin biopsy can be helpful 
in selected individuals for the diagnosis of disorders affecting small nerve fibers; however, we strongly discourage the use of 
skin biopsy without clinical–physiological correlation. Ambulatory blood pressure monitoring may lead to early identifica-
tion of patients with cardiovascular autonomic neuropathy in the primary care setting. Disease-modifying therapies should 
be used when available in combination with nonpharmacological management and symptomatic pharmacologic therapies. 
Autonomic function testing can guide the therapeutic decisions and document improvement with treatment.
Summary  A systematic approach guided by the autonomic history and standardized autonomic function testing may help 
clinicians when identifying and/or counseling patients with autonomic neuropathies. Treatment should be individualized 
and disease-modifying therapies should be used when available.

Keywords  Autonomic neuropathies · Skin biopsy · Autonomic reflex screen · Amyloidosis · COVID-19

Introduction

Autonomic neuropathies are a group of disorders characterized 
by damage to small unmyelinated or thinly myelinated auto-
nomic nerves that are responsible for the regulation of involun-
tary physiologic processes including, but not limited to, heart 

rate, blood pressure, respiration, digestion, and sexual function 
[1]. Peripheral autonomic neuropathies may result from diverse 
causes, such as inherited disorders, metabolic derangements, 
exposure to toxins or drugs, autoimmune or inflammatory dis-
eases, or paraneoplastic disorders (Table 1). Autonomic neu-
ropathies may occur in conjunction with somatic neuropathies, 
which can affect large sensory and/or motor fibers and/or small 
sensory fibers. Detailed characterization of the somatic nerve 
disorder (e.g., demyelinating vs. axonal injury) is helpful for 
diagnostic purposes. Autonomic neuropathies may also occur 
in isolation. Diabetes or metabolic syndrome are the most 
common causes of autonomic neuropathies. The prevalence 
of autonomic involvement in diabetes increases with the dura-
tion of the disease, but autonomic dysfunction can be an early 
manifestation of the disease or caused by treatments (Table 1) 
[2]. Some patients with objective evidence of impairment of 
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autonomic nerves on testing do not have an identifiable etiol-
ogy, even after extensive workup.

Knowledge of the anatomic, neurochemical, and functional 
organization of the autonomic nervous system is critical for 
the diagnosis and treatment of autonomic neuropathies. The 
peripheral autonomic nervous system can be divided into the 
sympathetic, parasympathetic, and enteric divisions. Impairment 
of cholinergic postganglionic sympathetic fibers is frequent in 
autonomic neuropathies and these pathologic findings account 
for the loss of sweating, but compensatory hyperhidrosis can be 
seen. The impairment of heart rate control (heart rate variabil-
ity) is predominately due to parasympathetic denervation and 
can be an early manifestation of autonomic neuropathy, espe-
cially in the setting of diabetes and amyloidosis. Neurogenic 
orthostatic hypotension is caused by damage or loss of small 
autonomic fibers in afferent and efferent nerves of the baroreflex 
arcs, with impairment of sympathetic noradrenergic reflex vaso-
constriction. When the splanchnic vascular bed is extensively 
denervated, orthostatic hypotension can also be marked. Dis-
turbance of bladder function, erectile dysfunction, and pupillary 
abnormalities may also be the manifestations of peripheral nerve 
disease when autonomic fibers to these structures are involved.

There have been recent reviews focusing on the clinical 
approach to patients with suspected autonomic neuropathies 
[3•, 4•]. The key part of the evaluation is a comprehensive 
autonomic history to define the temporal course of the symp-
toms and identify associated illnesses. The clinical evalua-
tion and testing are guided by the history (Fig. 1) [5].

Here, we review evidence-based recommendations for the 
diagnosis of autonomic neuropathies focusing on non-inva-
sive laboratory evaluation of autonomic function, advances 
in the field of autoimmune and genetic autonomic disorders, 
and the role of tissue biopsy in the clinical setting. We also 

discuss the role of other non-invasive tests of autonomic 
function and the possible association between the coronavi-
rus disease 2019 (COVID-19) and autonomic neuropathy. 
Finally, we review recent advances and future directions for 
the treatment of peripheral autonomic neuropathies focusing 
on disease-modifying therapies (when available) and symp-
tomatic pharmacologic therapies.

Diagnosis of Autonomic Neuropathies: 
Evidence‑Based Recommendations, Recent 
Advances, and Future Directions

Electrodiagnostic Assessment of the ANS—
Autonomic Reflex Screen and Thermoregulatory 
Sweat Test

The goals of autonomic testing are to recognize the pres-
ence, distribution, and severity of autonomic dysfunction. 
In some cases, testing can detect patterns of autonomic 
impairment related to specific disorders. The American 
Autonomic Society, the International Society for Auto-
nomic Neuroscience, the European Federation of Auto-
nomic Societies, and the American Academy of Neurol-
ogy have developed and endorsed consensus guidelines 
for clinical autonomic testing [6••]. The autonomic reflex 
screen is a validated approach to assess sympathetic post-
ganglionic sudomotor, cardiovascular sympathetic noradr-
energic, and cardiac parasympathetic (i.e., cardiovagal) 
function (Fig. 2) [6••]. Results should be compared to 
normative values for age and sex. The composite auto-
nomic severity score (CASS), a validated instrument that 

Fig. 1   Management of cardio-
vascular autonomic neuropathy

History with complete autonomic review of system + physical examination with orthostatic vital signs

Clinical manifestations of cardiovascular autonomic neuropathies
- Resting tachycardia
- Orthostatic tachycardia or bradycardia
- Orthostatic hypotension △HR/△SBP < 0.5 bpm.mmHg-1 → neurogenic OH
- Syncope
- Exercise intolerance
- Chronotropic incompetence (HRmax < 85% of age predicted HR during maximal exercise testing)
- Abnormal BP regulation with non dipping or reverse dipping of BP at night
- Supine hypertension

Autonomic reflex screen: QSART, HRDB, Valsalva, tilt, +/- TST
- Confirm the diagnosis of cardiovascular autonomic neuropathy
- Assess the severity of cardiovascular autonomic neuropathy

Laboratory and other tests
- First line: A1c, glucose tolerance test, CBC, CMP, TSH, B12, SPEP/UPEP/IF
- Second line: autoimmune workup, tissue biopsy, genetic testing, ABPM, others (echocardiogram, gastrointestinal motility studies,

etc.)

Treatment
- Disease modifying therapy (if available)
- Symptomatic treatment

� Nonpharmacological management of OH and supine hypertension (increase fluid and salt intake, compression garments, 
elevate the head of the bed)

� Pharmacological treatment of OH (midodrine, droxidopa, fludrocortisone, pyridostigmine) +/- supine hypertension
� Treatment of other manifestations of autonomic neuropathy (e.g., gastroparesis, constipation, hypo-/anhidrosis/hyperhidrosis, 

sicca, etc.)
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quantifies the severity and distribution of autonomic fail-
ure, can be derived from the autonomic reflex screen [6••].

Quantitative sudomotor axon reflex testing (QSART) 
assesses postganglionic sympathetic sudomotor func-
tion [7]. Cardiovagal function is assessed with heart 
rate responses to deep breathing (the most widely used 
method currently in clinical practice compared to the 
expiratory-inspiratory (E:I) ratio), the Valsalva ratio, and 
the vagal baroreflex sensitivity (slope of the relation-
ship between RR interval and blood pressure in early 
phase II of the Valsalva maneuver) [8, 9]. Cardiovascular 
noradrenergic function is evaluated by assessing blood 
pressure responses to Valsalva maneuver and passive 
head-up tilt [8]. Quantitative indices of cardiovascular 
noradrenergic function, i.e., blood pressure recovery time 
or adrenergic baroreflex sensitivity, may be used [10]. 
Classic orthostatic hypotension is indicated by a sus-
tained drop > 20 mmHg in systolic blood pressure and/
or > 10 mmHg in diastolic blood pressure within 3 min 
during tilt table test. In delayed orthostatic hypotension, 
the drop in blood pressure becomes apparent after a pro-
longed standing posture (> 3 min). A neurogenic etiol-
ogy of orthostatic hypotension is indicated by a lack of 
reflex vasoconstriction during the Valsalva maneuver 
[6••]. An insufficient compensatory increase in heart 
rate in relation to orthostatic hypotension is also a marker 
of neurogenic orthostatic hypotension [11••]. In a pro-
spective study of 402 patients with orthostatic hypoten-
sion, a neurogenic etiology was reliably identified when 

the ratio of orthostatic heart rate changes over systolic 
blood pressure changes at 3 min of tilt was < 0.5 beats/
min per mmHg [11••]. Importantly, similar findings were 
reported with active standing [12].

The integrity of central and peripheral sympathetic 
sudomotor pathways can be assessed by the thermoregu-
latory sweat test [13]. This test is performed in a tem-
perature and humidity-controlled room and the body is 
warmed up to a core temperature of 38 °C. The patient 
lies supine with exposed body surface covered with an 
indicator powder that changes color when wet. Digital 
photographs with pixel counter quantify the percentage 
of anhidrosis [13].

Standardized autonomic function testing plays a role 
in accurate diagnosis of most autonomic neuropathies but 
also monitoring of treatment efficacy as demonstrated in 
autoimmune autonomic ganglionopathies [14••].

Although standardized autonomic function testing 
provides an accurate measure of autonomic function, one 
of the main limitations of electrodiagnostic assessment 
of the autonomic nervous system is the limited avail-
ability of dedicated autonomic laboratories and specialty 
trained clinicians.

Electrodiagnostic Assessment of the ANS—Other 
Tests of Autonomic Function

Additional autonomic tests may be used in select 
research settings but at this time are not practical for 
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A Quantitative Sudomotor Axon Testing C Valsalva ManeuverB Heart Rate Responses to Deep Breathing

D Tilt-table testing

Forearm

Prox. leg

Distal leg

Foot

Heart rate

Fig. 2   Illustrative example: autonomic reflex screen of a patient with diabetic autonomic neuropathy
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routine clinical use in patients with autonomic neuropa-
thies. These tests include the study of sympathetic skin 
response, heart rate variability, corneal confocal micros-
copy, microneurography, electrical-evoked potentials, 
and laser-evoked potentials. The cold pressor test and 
analysis of the blood pressure response to sustained 
handgrip may have a role in patients with suspected 
involvement of the afferent limb of the baroreflex (e.g., 
afferent baroreflex failure) [15]. Quantitative sensory 
testing is a psychophysical assessment of different soma-
tosensory thresholds and may be helpful in the evaluation 
of patients with small fiber neuropathy who often have 
both sensory and autonomic complaints; however, the 
results are highly dependent on methodology and the full 
cooperation of the subject [16].

Laboratory Tests

Initial laboratory evaluation for autonomic neuropathies 
includes complete blood count, basic metabolic panel, thy-
roid function tests, fasting glucose or oral glucose tolerance 
test, vitamin-B12, and serum and urine protein electrophore-
sis [4•]. Secondary causes of autonomic dysfunction should 
be ruled out and testing may include screening for adrenal 
insufficiency and pheochromocytoma. Other tests should be 
guided by clinical suspicion (e.g., IgA tissue transglutami-
nase antibodies if there is a suspicion of celiac disease).

Measurement of plasma catecholamines may be help-
ful in a few selected cases. For example, plasma nor-
epinephrine is often elevated in patients with afferent 
baroreflex failure [17••].

Laboratory testing plays an important role in identi-
fying autoimmune etiologies of autonomic neuropathy. 
If there is a clinical suspicion of autoimmunity, testing 
often includes antinuclear antibodies (ANA), extractable 
nuclear antigen antibodies (including SS-A/SS-B antibod-
ies), C-reactive protein, and erythrocyte sedimentation 
rate. Some paraneoplastic nuclear antibodies are highly 
associated with autonomic neuropathies, especially the 
Type 1 Antineuronal Nuclear Autoantibody (ANNA-1 
or anti-Hu) and Collapsing Response-Mediator Protein 
5 antibody (CRMP-5 or Anti-CV2) [18]. The ɑ-3 nico-
tinic acetylcholine ganglionic antibodies are membrane 
receptor antibodies that are classically associated with 
autoimmune autonomic ganglionopathy. One should 
always interpret the presence of this antibody in light 
of the clinical presentation because they have also been 
reported in individuals without objective evidence of 
autonomic impairment. A level > 0.40 nmol/L had high 
specificity and moderate sensitivity for severe auto-
nomic failure, whereas levels of less than 0.20 nmol/L 
may not be clinically relevant [19]. Karagiorgou and col-
leagues recently demonstrated that a cell-based assay for 

α3- nicotinic acetylcholine ganglionic antibodies is more 
specific for the diagnosis of autoimmune autonomic gan-
glionopathy compared to the commercially available radi-
oimmunoassay precipitation assay [20•]. Further studies 
are necessary to investigate the clinical significance of 
trisulfated disaccharide IdoA2S-GlcNS-6S antibodies 
(TS-HDS), fibroblast growth factor receptor 3 (FGFR3), 
and muscarinic (M3) acetylcholine receptor antibodies in 
patients with autonomic neuropathies. Preliminary find-
ings do not suggest a benefit from treatment with immune 
globulin in individuals with small fiber neuropathy with 
TS-HDS and FGFR3 autoantibodies [21].

Advances in genetic studies have led to the identifica-
tion of new autonomic neuropathies and newly approved 
gene-modifying therapies. Hereditary transthyretin vari-
ant amyloidosis (ATTRv) is the most common form of 
hereditary amyloidosis. More than 130 mutations have 
been identified to date, and some mutations predomi-
nately cause polyneuropathy, whilst other mutations 
cause cardiomyopathy or mixed phenotypes [22]. Val-
30Met is the most common ATTRv mutation worldwide 
but the clinical presentation is variable among individu-
als with the mutation. Early suspicion and recognition 
of ATTRv amyloidosis can lead to an earlier diagnosis 
and treatment. If there is clinical suspicion of amyloid 
neuropathy, DNA sequencing of the transthyretin gene 
can support or exclude a diagnosis of ATTRv amyloidosis 
[23•]. Furthermore, genetic testing is helpful in healthy 
but potentially at-risk persons with a family history of 
ATTRv amyloidosis. However, the penetrance of ATTRv 
is incomplete in carriers. Therefore, the detection of amy-
loid deposits on biopsy samples is crucial to confirm the 
diagnosis [24••]. The sensitivity of biopsy in different 
sites varies but the specificity is high for a diagnosis of 
ATTRv amyloidosis [25]. Echocardiogram and cardiac 
magnetic resonance imaging are important investiga-
tions for detecting cardiac amyloidosis. In cases with 
hypertrophic cardiopathy with negative biopsy findings, 
radionuclide bone scintigraphy with technetium-labeled 
bisphosphonates can localize cardiac amyloid deposits 
and may obviate the need for endomyocardial biopsy [26]. 
Characterizing the subtype of amyloid protein by mass 
spectrometry or immunohistochemistry can enhance diag-
nostic accuracy and guide management [27, 28].

Autonomic dysfunction has been recently recognized 
in cerebellar ataxia, neuropathy, and vestibular are-
flexia—“CANVAS”—syndrome [29]. CANVAS is due to 
AAGGG repeat expansion in the second intron of replica-
tion factor C subunit 1 (RFC1) gene. In a case series of 
23 patients, 83% had evidence of autonomic dysfunction; 
all patients had at least one autonomic symptom and 91% 
had more than two symptoms. Cold feet (78%), erec-
tile dysfunction (78% of men), light-headedness (65%), 
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constipation (65%), and sicca syndrome (52%) were the 
most common symptoms reported. Thirty percent of 
patients fulfilled the criteria for orthostatic hypotension. 
Autonomic dysfunction in CANVAS may be related to 
a primary ganglioneuropathy involving the autonomic, 
facial, trigeminal, vestibular, and sensory ganglia and 
their projections. Another study demonstrated that bial-
lelic repeat expansions in RFC1 were a frequent cause 
of whole-exome sequencing negative hereditary sen-
sory and autonomic neuropathy with chronic cough 
and ataxia [30]. Genetic testing with repeat-primed 
polymerase chain reaction to detect intronic expansions 
should be performed in cases with suspicion of CANVAS 
syndrome.

Skin Biopsy

Antibodies against the cytoplasmic protein gene product 
9.5 (PGP9.5) can visualize the rich cutaneous innerva-
tion via bright-field immunohistochemistry. Evidence of 
reduced or absent intraepidermal nerve fibers on punch 
skin biopsy, a minimally invasive technique, may be used 
to support a diagnosis of small fiber neuropathy. The sen-
sitivity and specificity of skin biopsy in the diagnosis of 
small fiber neuropathy vary between 78–92% and 65–90% 
respectively [31]. A diagnosis of small fiber neuropathy 
is made when nerve fiber density is in the lowest 5th per-
centile compared to normative values for both age and 
gender in the appropriate clinical context [32]. Punch 
skin biopsy is billable to insurance companies and many 
commercial laboratories are claiming to provide the same 
service and diagnostic accuracy as research laboratories. 
This has led to an increase in testing and diagnosis, often 
without clinical–physiological–pathological correlation.

Several points are worth discussing. First, reduced 
intraepidermal nerve density is a finding, not a diagnosis. 
Skin biopsy alone should not be used to diagnose small 
fiber neuropathy. PGP9.5 staining does not provide any 
information about small nerve fiber functions. This may 
explain the lack of correlation between intraepidermal 
nerve fiber density and neuropathic pain [33]. The use of 
other molecular markers linked to different subtypes of 
skin nerve fibers might provide a better clinical-physio-
logical-pathological correlation [34]. Second, objective 
morphometric assessment of small nerve fibers should 
be performed in a body region where there are symp-
toms and clinicians should always correlate the biopsy 
findings with the clinical context taking into considera-
tion that functional changes are not always associated 
with the loss of nerve fibers. For example, conditions 
associated with neuropathic pain secondary to some 

channelopathies are not always associated with a reduc-
tion in intraepidermal nerve fiber density [35]. Finally, 
the analysis of skin biopsy results should follow a rig-
orous process: (1) results of intraepidermal nerve fiber 
density should be interpreted based on the site where 
the biopsy is taken because control data exist only for a 
few body sites; (2) the results should be compared with 
a control population using published data; and (3) the 
report should mention standard deviations or interquar-
tile intervals, and percentage of truly abnormal by a pre-
defined outcome measure.

Skin biopsies may also be helpful to identify path-
ological hallmarks in different diseases. For example, 
visualization of amyloid deposition confirmed by Congo 
red stain in the subcutaneous tissue is sensitive and spe-
cific for diagnosing systemic amyloidosis [36]. Skin 
biopsy also has great potential for the diagnosis of synu-
cleinopathies [37]. However, alpha-synuclein deposit in 
cutaneous autonomic nerve fibers has also been found in 
individuals with postural tachycardia with neuropathic 
features or long-COVID [38•, 39•]. Further studies are 
needed to confirm whether alpha-synuclein deposition in 
these individuals reflects a reactive process or an early 
stage of more widespread synucleinopathies.

Ambulatory Blood Pressure Monitoring—an 
Underutilized Tool in Autonomic Neuropathies?

Ambulatory blood pressure monitoring (ABPM) pro-
vides some advantages over the measurement of ortho-
static vital signs in the autonomic laboratory or during 
office visits. It allows for “real-life” assessment while 
patients perform daily activities; it determines diurnal 
and nocturnal blood pressure patterns that are character-
istics of autonomic failure such as supine hypertension, 
labile blood pressure, non-dipping of nocturnal blood 
pressure; it also allows for the evaluation of the impact 
of antihypertensive and pressor medications [40]. One 
study reported that daytime blood pressure variability 
was a good screening tool to identify patients with auto-
nomic failure from controls; however, correlation analy-
sis between quantitative assessment of autonomic func-
tion and ambulatory blood pressure was not performed 
[41]. There is a need to standardize parameters derived 
from ABPM. High variability of blood pressure with low 
heart rate variability over a 24 h may allow for accurate 
identification of patients with autonomic neuropathy 
with autonomic failure. This approach may lead to early 
identification of patients with autonomic neuropathy in 
the primary care setting, earlier referral to specialized 
autonomic evaluation if necessary, reduce delay in treat-
ment, and decrease unnecessary testing.
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COVID‑19 and Autonomic Neuropathy—What Is 
the Evidence?

The novel severe acute respiratory syndrome corona-
virus type 2 (SARS-CoV-2) infection has been associ-
ated with para-infectious neurological and autonomic 
abnormalities [42••]. There is concern that post-acute 
sequelae of COVID-19 (also called “long-haul COVID” 
“long-COVID” or “post-COVID syndrome”) include 
abnormalities of autonomic cardiovascular function, 
which may be associated with various symptoms such 
as fatigue, “brain fog,” sensory changes, and orthostatic 
intolerance [43]. The pathophysiological mechanisms 
of post-acute cardiovascular autonomic dysfunction in 
COVID-19 are not well understood. Proposed mecha-
nisms include dysfunction of the extended autonomic 
nervous system, immune dysregulation triggered by the 
infection, dysfunction of the renin–angiotensin–aldos-
terone system, or a restricted autonomic neuropathy 
causing impaired vasomotor and venomotor tone in the 
lower limbs among others [44]. Cases of autonomic dys-
function beyond postural tachycardia syndrome have 
been reported, including phenomena such as small fiber 
neuropathy [45], neurocardiogenic syncope, and post-
COVID-19 exacerbation of paroxysmal hypothermia and 
hyperhidrosis [46]. Post-COVID-19 acute inflammatory 
demyelinating polyneuropathy has been described as 
well [47]. In our experience, however, most individuals 
with long-COVID who present to the autonomic clinic 
do not have objective evidence of autonomic neuropathy. 
In a retrospective series of 27 patients with a confirmed 
history of COVID-19 infection referred for autonomic 
testing for symptoms concerning for para-/postinfectious 
autonomic dysfunction, autonomic symptoms developed 
between 0 and 122 days following the acute infection and 
included lightheadedness (93%), orthostatic headache 
(22%), syncope (11%), hyperhidrosis (11%), and burn-
ing pain (11%). Twenty-two percent of patients fulfilled 
the criteria for postural tachycardia syndrome, and 11% 
had borderline findings to support orthostatic intoler-
ance. The most common autonomic testing finding was 
orthostatic intolerance, often without objective hemo-
dynamic abnormalities on testing [48••]. In a study of 
16 young adults who tested positive for SARS-CoV-2, 
resting heart rate and blood pressure were not different 
compared to controls (N = 14); however, muscle sym-
pathetic nerve activity was higher in COVID subjects 
compared to controls during head-up tilt with a group-
by-position interaction in muscle sympathetic nerve 
activity burst incidence, as well as heart rate, in response 
to tilt. The results of this study suggest that These results 
indicate resting sympathetic activity may be elevated fol-
lowing SARS-CoV-2 infection [49]. Further studies are 

necessary to investigate the association between auto-
nomic neuropathy and COVID-19.

Treatment of Autonomic Neuropathies

The treatment of autonomic neuropathies is based on the 
combination of disease-modifying therapies (when avail-
able), nonpharmacological management, and symptomatic 
pharmacologic therapies. The autonomic reflex screen is 
helpful to identify initial deficits and guide treatment [14••].

Disease‑Modifying Therapies—Focus on Hereditary 
Transthyretin Amyloidosis

Liver transplantation replaces the primary source of 
mutant transthyretin. Liver transplantation is associated 
with improved long-term survival in hereditary transthyre-
tin amyloidosis. Nevertheless, peripheral neuropathy and 
cardiomyopathy may progress following liver transplanta-
tion and genotype influences post-transplantation survival 
[50]. Furthermore, adverse effects of surgery and compli-
cations of long-term immunosuppression are limitations of 
this approach. Novel treatments for hereditary transthyre-
tin amyloidosis (hATTR) are now available. Tafamidis 
meglumine, a kinetic TTR stabilizer, can be administered 
orally and prevents misfolding and deposition of mutated 
TTR [51]. Two studies have demonstrated some benefit of 
tafamidis in early-stage hATTR polyneuropathy compared 
to placebo [52, 53]. Outcomes were mixed in patients with 
mid-and late-stage hATTR and worsening of baseline 
autonomic function and cardiac disease has been reported 
[54]. Diflunisal, a nonsteroidal anti-inflammatory drug, 
has TTR-stabilizing properties; however, adverse events 
such as renal failure or thrombocytopenia may limit its 
use. Oligonucleotide-based gene therapies (patisiran and 
inotersen) have been recently approved by the Food and 
Drug Administration in the United States for the treat-
ment of hATTR. These agents have demonstrated efficacy 
in patients with early-and late-stage disease and improve, 
halt, or slow neuropathy progression.

Symptomatic Pharmacologic Therapies—Focus 
on Cardiovascular Manifestations of Autonomic 
Neuropathies

Neurogenic Orthostatic Hypotension

Orthostatic hypotension is associated with a risk of 
falls, cognitive impairment, and dementia [55]. The 
nonpharmacological management of orthostatic hypoten-
sion should be individualized (Table 2) [56••]. Avail-
able options for the pharmacological management of 
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neurogenic orthostatic hypotension are limited. Fludro-
cortisone is a synthetic mineralocorticosteroid that can 
be helpful in combination with adequate hydration and 
liberalizing dietary sodium. Side effects of fludrocorti-
sone include supine hypertension and hypokalemia [57]. 
Droxidopa (a precursor of norepinephrine) and midodrine 
(an alpha-receptor agonist) are the only drugs approved 
by the Food and Drug Administration for the treatment 
of neurogenic orthostatic hypotension [57]. Droxidopa is 
most beneficial in patients with low supine plasma nor-
epinephrine levels (< 200 pg/mL) [58]. Pyridostigmine, 
a reversible inhibitor of acetylcholinesterase, increases 
the availability of acetylcholine to bind to muscarinic or 
nicotinic receptors. The pressor effect of pyridostigmine 
may be suboptimal compared to other drugs, but it can 
be used as an add-on therapy in patients with moderate 
to severe autonomic failure [59].

Norepinephrine transporter (NET) inhibition is a mech-
anism that is being studied to increase blood pressure in 
patients with autonomic failure. Shibao and colleagues first 
showed that atomoxetine induced a hypertensive response 
in a small group of patients with central autonomic fail-
ure [60–62]. In a recent study, Kaufmann and colleagues 
reported the safety and efficacy of ampreloxetine to treat 
neurogenic orthostatic hypotension, in a small phase II clin-
ical trial [63•]. This study demonstrated that Ampreloxetine 
was safe and improved orthostatic symptoms and seated/
standing blood pressure with little change in supine blood 
pressure [63•]. Unfortunately, a press release from the com-
pany announced the failure of the phase III study due to 
a lack of efficacy [64]. We are awaiting for the results of 
another phase II trial that is investigating the effect of ato-
moxetine in the symptomatic management of nOH (Clini-
calTrials.gov: NCT02796209).

Table 2   Symptomatic management of cardiovascular autonomic dysfunction (midodrine, etc.)

Drug Mechanism of action Dosing Side effects

Orthostatic hypotension
  Midodrine Alpha-1 agonist Tablet: 2.5 mg, 5 mg, 10 mg

Dosage: 2.5 to 10 mg, orally, 3–4 
times per day

Scalp pruritus, piloerection, dysuria, 
paresthesia, supine hypertension

  Droxidopa Precursor of norepinephrine Tablet: 100 mg, 200 mg, 300 mg
Dosage: 100 to 600 mg, orally, 3 times 

per day

Headaches, hypertension, dizziness, 
nausea

  Fludrocortisone Mineralocorticoid. Promotes 
increased reabsorption of sodium 
and loss of potassium from renal 
distal tubules

Tablet: 0.1 mg
Dosage: 0.1 to 0.2 mg, orally, daily in 

the morning

Cardiac failure, cardiomegaly, edema, 
hypertension

  Pyridostigmine Acetylcholinesterase inhibitor Tablet: 30 mg, 60 mg
ER: 180 mg
Dosage: 30 to 60 mg 3 times daily, 

orally, or 180 mg ER daily, orally, in 
the morning

Diarrhea, abdominal pain, muscle con-
traction/twitching, increase secretion

  Atomoxetine NE transporter inhibitor Dosage: 18 mg daily, orally, Supine hypertension, urinary urgency
  Octreotide Somatostatin analog reducing 

postprandial splanchnic hyperemia 
induced by gastrointestinal vasodila-
tory peptides

Dosage: 0.2–1.6 mg/kg qd, subcutane-
ous

Injection site discomfort, erythema, 
gastrointestinal disturbances, flush-
ing, cholelithiasis, hyperglycemia, 
supine hypertension

Supine hypertension
  Clonidine Central alpha-2 agonist 0.1 mg, orally, with dinner Fatigue, hypotension, lethargy, head-

ache, abdominal pain
  Losartan Angiotensin II receptor antagonist 25 to 50 mg, orally, at bedtime Increase K + , hypotension, cough
  Nifedipine Calcium channel blocker 10–30 mg short-acting, orally, at 

bedtime, or 30 mg ER
Edema, hypotension, flushing, nausea, 

dizziness, headache
  Nitroglycerin patch Vasodilator, nitric oxide donor 0.1 mg/h patch at bedtime, remove in 

the morning
Headache, hypotension, edema

  Sildenafil Phosphodiesterase inhibitor, potenti-
ates nitric oxide

25 mg, orally, at bedtime Flushing, dyspepsia, headache, vision 
disturbance, epistaxis

  Eplerenone Mineralocorticoid receptor antagonist 50 mg, orally, at bedtime Hyperkalemia, increased serum 
creatinine
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Most patients with orthostatic hypotension and supine 
hypertension have normal seated blood pressures. There-
fore, it is important to consider the 24-h blood pressure 
profile and not to use the sitting blood pressure as a tar-
get to assess treatment efficacy. Although it is crucial to 
avoid iatrogenic causes of orthostatic hypotension, there 
is no clear epidemiological relationship between orthos-
tatic hypotension and the use of antihypertensive medica-
tions. A recent meta-analysis of 18,466 individuals from 
randomized clinical trials for the treatment of essential 
hypertension has shown that blood pressure-lowering 
treatment decreased the risk for orthostatic hypotension 
[65••]. Because individuals with autonomic neuropathy 
are at increased risk of cardiac arrhythmia and sudden 
death [66], it is important to avoid the use of medica-
tions that affect cardiac repolarization and consequently 
prolong the QT if possible.

Supine Hypertension

Supine hypertension is defined as a systolic blood pressure 
of at least 140 mmHg and/or diastolic blood pressure of 
at least 90 mmHg [67]. More than 50% of patients with 
neurogenic orthostatic hypotension may suffer from supine 
hypertension [68]. Treatment of supine hypertension can 
worsen OH and vice versa. Nocturnal pressure natriuresis 
from supine hypertension also worsens orthostatic hypo-
tension. Supine hypertension is associated with cardiac 
hypertrophy and kidney failure, which may increase cardi-
ovascular and renal disease, and mortality. Supine hyper-
tension is also linked to impaired cerebral autoregulation 
[69••]. Short-acting antihypertensives such as angiotensin 
II receptor blockers (e.g., low dose losartan) and calcium 
channel blockers (e.g., nifedipine) might be considered 
(Table 2). On the other hand, alpha-blockers and diuret-
ics can exacerbate orthostatic hypotension and should be 
avoided. Some patients with supine hypertension retain 
the normal pattern of blood pressure dipping at night, with 
elevated blood pressure mostly early in the night. These 
patients may benefit from ingestion of a carbohydrate-rich 
snack at bedtime to induce postprandial hypotension [70]. 
In one study, local heat therapy also effectively lowered 
overnight blood pressure in patients with autonomic fail-
ure and supine hypertension [71•].

Labile Blood Pressure

It is recommended not to “chase” the blood pressure in 
cases with blood pressure lability secondary to affer-
ent baroreflex failure. Central sympatholytic drugs such 
as clonidine can be helpful [72]. Vasodilators should 
be used with caution because they can elicit profound 

hypotension. Patients should be aware that medications 
that modify the vascular tone or sympathetic activity can 
have a drastic effect on the blood pressure precipitating 
hypertensive crisis or hypotension. Peripheral decarboxy-
lase inhibition with carbidopa reduces blood pressure 
variability in patients with familial dysautonomia who 
have afferent lesions of the arterial baroreflex [73]. Fur-
ther studies are necessary to test this approach in indi-
viduals with acquired afferent baroreflex failure.

Tachycardia

Symptomatic manifestations of cardiac autonomic neu-
ropathy may include resting sinus tachycardia and exer-
cise intolerance. Higher resting heart rate (> 78 bpm) and 
a rise in heart rate with time are independent risk pre-
dictors for all-cause mortality in patients with diabetes 
[74]. A fixed heart rate that is unresponsive or poorly 
responsive (i.e., chronotropic incompetence) to exercise 
indicates almost complete cardiac denervation. After 
exclusion of other causes of tachycardia (e.g., anemia, 
medication, cardiac arrhythmia, recreational drugs), the 
use of β-adrenergic blockers may be indicated.

Multidisciplinary Care

A multidisciplinary approach involving different special-
ties is necessary for optimal management of the diverse 
clinical manifestations of autonomic neuropathies.

Conclusion

A detailed history and neurological examination guide 
testing in individuals with peripheral autonomic neuropa-
thies. Workup of autonomic neuropathies may include 
standardized autonomic function testing, laboratory 
testing, imaging, and tissue biopsy. Treatment should be 
individualized and disease-modifying therapies should 
be used when available. Further studies are necessary to 
investigate the association between autonomic neuropa-
thy and COVID-19.
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