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Emerging Subspecialties in Neurology:
Autonomic disorders

Autonomic nervous system (ANS) dysfunction as a
cause of disease is an increasingly recognized health
problem, not only in the field of neurology, but also
in cardiology, gastroenterology, endocrinology, urol-
ogy, psychiatry, and primary care medicine. Patients
may present with a myriad of symptoms including
orthostatic intolerance, recurrent syncope, labile
blood pressure, disorders of sweating and thermoreg-
ulation, neurogenic bladder, sexual dysfunction, gas-
trointestinal dysmotility, pupil abnormalities, and
sleep disorders. These symptoms may, in turn, be a
consequence of genetic (e.g., hereditary sensory and
autonomic neuropathies, transthyretin amyloidosis),
neurodegenerative (e.g., Parkinson disease [PD], mul-
tiple system atrophy [MSA]), autoimmune (e.g.,
autoimmune ganglionopathies), or acquired disorders
(e.g., spinal cord lesions, type 2 diabetes). Although
autonomic symptoms may be among the most debil-
itating features of these progressive conditions, they
are often treatable. Autonomic disorders specialists
require a comprehensive knowledge of the anatomy,
physiology, and pharmacology of the ANS, under-
standing of the pathophysiology and management
of acute and chronic autonomic conditions, and
expertise in the performance and interpretation of
clinical and laboratory evaluation of the ANS.

Historical overview. Seminal discoveries related to the
physiology of the ANS were made at the beginning
of the 20th century. At that time, the English physi-
ologist John N. Langley (1852–1925) introduced the
terms sympathetic and parasympathetic nervous sys-
tem and demonstrated their physiologic reactions.
Walter Cannon (1871–1945), working at Harvard
University, coined the term “fight or flight response”
and suggested that stimulation of sympathetic nerves
results in the release of a chemical agent related to
epinephrine. Ulf von Euler (1905–1983) in Sweden
eventually identified norepinephrine as this agent.
Otto Loewi (1873–1961), working in New York,
discovered that stimulation of the vagus nerve slowed
the heart rate by releasing vagusstoff (“vagus sub-
stance”). Sir Henry Dale (1875–1968), at Cambridge

University, later discovered that this substance was ace-
tylcholine. Walter R. Hess (1881–1973) at the Uni-
versity of Zurich established the influence of some
areas of the brain on autonomic control. In fact, the
Russian physiologist Ivan Pavlov (1849–1936) dem-
onstrated the involvement of the cortex in autonomic
processes with his classic experiments with dogs. Most
of these researchers were awarded the Nobel Prize.

In 1925, Bradbury and Egglestone1 reported 3
patients with extremely low blood pressure upon
standing (orthostatic hypotension [OH]), along with
other gastrointestinal, urogenital, and thermoregula-
tory abnormalities, but with no evidence of motor or
cognitive impairment. This syndrome was eventually
named pure autonomic failure (PAF). In the 1950s, it
was recognized that autonomic dysfunction could be
inherited (e.g., familial dysautonomia).2 In 1960, Shy
and Drager3 described a group of patients with OH,
early urogenital dysfunction, and progressive neuro-
degeneration. Nine years later, Graham and Oppen-
heimer named this syndrome MSA. The American
Autonomic Society was founded in 1990, and the
first international symposium on the ANS was held
that year in Nashville, Tennessee.

Recent developments. In recent decades, it has become
increasingly recognized that not only MSA but also
common neurodegenerative disorders, such as PD
and dementia with Lewy bodies (DLB), may feature
autonomic dysfunction, sometimes many years before
motor or cognitive symptoms are evident.4 Auto-
nomic testing and evidence of REM sleep behavior
disorder can provide help to confirm these diagnoses
and rule out other conditions. The recognition that
PAF, as well as PD, DLB, and MSA, is associated
with abnormal deposition of the protein a-synuclein,
and the fact that, after 15–20 years of documented
follow-up, some patients with typical PAF develop
parkinsonism or dementia,5 suggest that PAF might
be part of the premotor spectrum of these disorders.

Researchers have recently reported the use of
punch skin biopsy to measure a-synuclein deposits
in the epidermis.6 Potential biomarkers in CSF of
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patients with synucleinopathies have been identified.7

The capability for early diagnosis opens exciting oppor-
tunities for the development of future neuroprotective
therapies in premotor stages of these disorders. The
description of antibodies against the ganglionic acetyl-
choline receptor demonstrated that autoimmunity is
another potential cause of autonomic dysfunction, lead-
ing to consideration of immunotherapy, such as IV
immunoglobulins, in the treatment of these patients.8

In recent years, new symptomatic treatments for
autonomic disturbances have been described and
refined (e.g., droxidopa, a synthetic norepinephrine
precursor, was recently approved by the Food and
Drug Administration for the treatment of symptomatic
neurogenic OH). Advances in genetics, neuroimmu-
nology, and neuroimaging warrant new, stimulating
research and will provide therapeutic opportunities.

Autonomic testing. In addition to expertise in the
physiopathology, clinical diagnosis, and management
of these conditions, autonomic disorders specialists
require a thorough knowledge of the performance
and interpretation of autonomic testing. Commonly
used autonomic tests assess sympathetic cardiovascu-
lar, parasympathetic cardiac (cardiovagal), and sudo-
motor functions.

Tests that assess sympathetic cardiovascular func-
tion include the beat-to-beat blood pressure profile
during the Valsalva maneuver and the blood pressure
and heart rate response to head-up tilt (or active stand-
ing if a tilt table is not available). Prolonged head-up
tilt (20–45 minutes) may be needed in the evaluation

of suspected neurally mediated (vasovagal) syncope.9

On certain occasions, pharmacologic provocation or
lower body negative pressure may be used. Tests that
assess vagal control of the sinus node (cardiovagal func-
tion) include the heart rate response to deep breathing
(i.e., expiratory-inspiratory ratio) and the heart rate
response to the Valsalva maneuver (i.e., Valsalva ratio).
Sudomotor function tests include the thermoregula-
tory sweat test, which assesses the integrity of central
and peripheral sudomotor pathways, and sudomotor
axon reflex tests such as the quantitative sudomotor
axon reflex test, which assesses the peripheral sympa-
thetic cholinergic innervation of the sweat glands.

Determination of plasma catecholamines and vaso-
pressin in the supine position and after 5–10 minutes
of standing are also helpful to evaluate baroreflex-
mediated sympathetic activation. Microneurography
can be used to perform direct recordings of muscle
sympathetic nerve activity. Measurements of cerebral
or limb blood flow, skin electrical conductance, or
impedance cardiography may also be applied. Other
tests indicated in some cases include blood volume
measurement, nerve conduction studies, brain MRI,
gastrointestinal motility and urodynamic studies, and
polysomnography. Skin biopsy with assessment of
intraepidermal nerve fiber density, abdominal fat aspi-
rate, or sural nerve biopsy may also be needed.

Training opportunities in autonomic disorders. There
are currently several fellowship programs available for
those interested in pursuing a career in autonomic neu-
rology. Most of these fellowships are accredited by the

Table Autonomic disorders fellowship programs available in the United States

Institution
Years of
training

Special
interests Accreditation Requisites Contact information

Beth Israel
Deaconess Medical
Center/Harvard
Medical School
(Boston, MA)

1 Peripheral neuropathy;
orthostatic intolerance;
neurodegenerative
disorders

ACGME IMG require ECFMG certification and USMLE step
3; applicants must have completed a neurology
residency

Dr. Roy Freeman
(Fellowship Director),
rfreeman@bidmc.harvard.
edu

Mayo Clinic
(Rochester, MN)

1 Orthostatic
intolerance;
neurodegenerative
disorders

UCNS IMG require ECFMG certification; applicants should
be eligible for a license to practice medicine in
Minnesota

Dr. Paola Sandroni
(Fellowship Director),
psandroni@mayo.edu

Medical College of
Wisconsin
(Milwaukee, WI)

1–2 Pain processing UCNS IMG require ECFMG certification Dr. Thomas Chelimsky
(Fellowship Director),
tchelimsky@mcw.edu

NIH Clinical Center
(Bethesda, MD)

1–3 Neuroimaging;
neurodegenerative
disorders

UCNS IMG require ECFMG certification; applicants should
be eligible for a license to practice medicine in
Maryland

Dr. David Goldstein
(Fellowship Director),
goldsteind@ninds.nih.gov

New York
University (New
York, NY)

1–2 Hereditary autonomic
disorders;
neurodegenerative
disorders

UCNS IMG require ECFMG certification; applicants must
have completed a neurology residency and should
be eligible for a license or limited permit to practice
medicine in New York

Dr. Horacio Kaufmann
(Fellowship Director),
horacio.kaufmann@
nyumc.org

Vanderbilt
University
(Nashville, TN)

1–2 Orthostatic
intolerance;
neurodegenerative
disorders

UCNS
accreditation
pending

IMG require ECFMG certification and their own
funding source

Dr. Italo Biaggioni
(Fellowship Director),
italo.biaggioni@
vanderbilt.edu

Abbreviations: ACGME 5 Accreditation Council for Graduate Medical Education; ECFMG 5 Educational Commission for Foreign Medical Graduates;
IMG 5 International Medical Graduates; UCNS 5 United Council for Neurologic Subspecialties; USMLE 5 United States Medical Licensing Examination.
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United Council for Neurologic Subspecialties
(UCNS), and a specific examination is required at
the end of the program. The amount of time devoted
to patient care, basic science research, or clinical
research varies considerably between programs. Fellow-
ship programs involve mostly outpatient clinic with
occasional inpatient consultations. In order to obtain
UCNS certification, fellows need to gain expertise in
the performance and interpretation of autonomic test-
ing. They also need to know how to interpret the re-
sults of other abovementioned ancillary tests.

Most of the academic centers currently offering
fellowships are part of the Autonomic Disorders Con-
sortium, a multicenter collaborative project (Harvard
University, Mayo Clinic, NIH, New York University,
and Vanderbilt University) that aims to define the
natural history of autonomic disorders and conduct
clinical trials. Most programs have a rolling admission
process and require a license to practice medicine.
The table summarizes the features of autonomic dis-
orders fellowship programs currently available in the
United States. In addition, in many other institu-
tions, some degree of autonomic training is offered
as part of neuromuscular, clinical neurophysiology, or
movement disorders fellowship programs. Informa-
tion on these other programs can be found on the
Fellowship Directory of the American Academy of
Neurology (https://www.aan.com/fellowship).

Career prospects in autonomic disorders. As of 2014, 27
autonomic specialists have been awarded the UCNS cer-
tification. This apparent low number is because the
Autonomic Disorders certification started in 2009. It is
expected that the number of autonomic disorder special-
ists will increase significantly in upcoming years due to
the increasing awareness of these disorders and the
advent of new therapeutic agents and a multitude of
diagnostic procedures that require specialized clinical
experience. A career in autonomic disorders would nec-
essarily be located in a university-affiliated hospital or
large neurology clinic, with opportunities for basic or
clinical research, including clinical trials. An important
role in the outpatient setting is the diagnosis and
management of chronic autonomic disorders, as well
as the differentiation of these disorders from disease
mimics. Some of the most frequently seen problems
are neurogenic OH, vasovagal syncope, and sweating
abnormalities. Both in the outpatient and impatient
consultation settings, the autonomic specialist interacts
with many specialties such as cardiology,
gastroenterology, and urology. Cardiologists often
consult on cases of postural tachycardia syndrome,
which is probably a heterogeneous and multifactorial
condition, rather than a primary autonomic disorder.10

Interaction with other neurologic subspecialties
including behavioral neurology, movement disorders,

sleep medicine, neuromuscular disorders, and epi-
lepsy is also expected. For instance, patients with
transient loss of consciousness (LOC) with a tentative
diagnosis of epilepsy may be referred to rule out other
causes of LOC, such as vasovagal syncope or psycho-
genic pseudosyncope.

Autonomic disorders is a burgeoning subspecialty
that has the potential to contribute, from a privileged
position, to the understanding of the causes, symp-
toms, and management of autonomic failure and
the development of new treatments.
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