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Abstract

The cardiovascular branch of autonomic nervous system (ANS) is responsible for the regulation of heart rate, blood pressure, and
maintaining homeostasis during physiological stress such as exercise and standing upright. ANS constantly controls the rate and force of
heart contractions and the vascular tone with the aim to maintain the sufficient tissue perfusion with oxygenated blood and secure venous
return to the heart. Dysautonomias, a result of ANS malfunction, are often found in patients with cardiovascular symptoms. Apart from
the most prevalent one, arterial hypertension, the cardiovascular dysautonomic continuum encompasses other important although less
known conditions: postural orthostatic tachycardia syndrome, inappropriate sinus tachycardia, orthostatic hypotension and reflex syncope.
Moreover, heart diseases may evoke autonomic imbalance by themselves; cardiac pump failure is usually associated with sympathetic
hyperactivity, neuroendocrine vasopressor activation, higher heart rate, reduced heart rate variability and baroreflex hyposensitivity, all of
which are predictors of adverse outcomes.

Cardiologists and electrophysiologist frequently see patients for the evaluation and management of unexplained syncope, orthostatic
intolerance, heart rhythm abnormalities and symptoms of palpitations. Recognizing the presence of cardiac dysautonomia is an important
skill which is necessary for the appropriate evaluation and treatment of these patients. Clinical presentations may overlap, and the
importance of a thorough history cannot be over-emphasized. In this review we will present a cases of a patients with cardiac dysautonomia
which is illustrative of a typical patient experience, followed by a review of the autonomic nervous system and discussion of prevalence,
clinical presentation, and pathophysiology of common cardiac dysautonomias.

1. Autonomic control of cardiovascular system.

'The autonomic nervous system (ANS) consists of the sympathetic,
parasympathetic and enteric components . The cardiovascular
branch of ANS is responsible for regulation of heart rate, and
blood pressure, and to maintain homeostasis during physiological
stresses including exercise and standing upright 2 The two crucial
elements controlled by ANS are the heart (“the pump”) and the
vessels (“the pipelines”), smoothly interacting in normal conditions
(Fig.1). The appropriate level of systemic blood pressure is governed
by the peripheral baroreceptor system and cardiovascular center in
the medulla oblongata 3. The ANS constantly regulates heart rate,
cardiac contractility and arterial and venous vascular tone to maintain
sufficient tissue perfusion with oxygenated blood and to secure
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venous return. The cerebral circulation is especially protected by the
high-pressure baroreceptor reflex mediated through carotid sinus
sensors >* and the self-adapting system of cerebral autoregulation °.

Malfunction of cardiovascular hemostasis regulated by the ANS is
known as cardiac dysautonomia'. This process may be paroxysmal or
chronic. Failure of either the sympathetic or parasympathetic system
can result in unopposed action of the other. The most common cardiac
manifestations of dysautonomia (Fig. 1) include reflex syncope,
inappropriate sinus tachycardia, and syndromes of orthostatic
intolerance: orthostatic hypotension (OH) and postural orthostatic
tachycardia syndrome (POTS)" ¢ In some chronic conditions,
such as neurodegenerative diseases, diabetes, kidney failure, and
autoimmune diseases, an umbrella term of cardiovascular autonomic
neuropathy (CAN) is used 7. Cardiovascular autonomic neuropathy
may typically manifest as OH, reduced heart rate variability,
inadequate (resting) sinus tachycardia, and exercise intolerance °.
Similar autonomic abnormalities can be frequently found in heart
failure, characterized by increased sympathetic drive, neuroendocrine
vasopressor activation, higher heart rate, reduced heart rate
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Vascular dysautonomia Cardiac dysautonomia

“Pipeline dysfunction” "Pump dysfunction”

Arterial hypertension Hyperadrenergic POTS

Orthostatic hypertension Inappropriate sinus tachycardia

Abnormal BP variability Reduced heart rate variability

Neuropathic/ hypovolemic POTS Chronotropic insufficiency
Orthostatic hypotension Coronary

" dysfunction

Cardioinhibitory VWS
Postprandial hypotension Cardioinhibitory CSS
Vasodepressive VVS

Vasodepressive CSS

Global blood pressure control and spectrum of cardiovascular
dysautonomias. Two major types of cardiovascular autonomic|
dysfunction, cardiac i.e. “pump” dysfunction and vascular
i.e. “pipeline” dysfunction may overlap, combine and convert
to each other over the life span. For instance, patients with
arterial hypertension may have orthostatic and postprandial
hypotension, and reduced heart variability. Younger individuals
may suffer from both POTS and VVS. Apart from global autonomic
circulatory disorders, vascular bed may be affected in special
areas, such as cerebral (e.g. migraine), coronary (e.g. spasm
angina), and peripheral zones (e g. Raynaud’s disease) as
well as in the venous capacitance vessels (abnormal venous
pooling). The etiologies of cardiovascular dysautonomias are
heterogenous and span over neurodegenerative diseases (e.g.
Parkinson’s disease), chronic conditions such as diabetes and
renal failure, chronic inflammatory states such autoimmune
diseases (e.g. Sjogren’s disease), cardiovascular diseases (e.g.
essential hypertension, a cardiovascular dysautonomia per
se, and heart failure) and processes associated with aging.
Genetic predisposing factors and rare genetic diseases may)|
also contribute. (Figure adapted from Ricci et al 2015 ©7), Red
colour - hyperadrenergic conditions/ sympathetic dominance.
Blue colour - hypoadrenergic conditions/ parasympathetic
dominance. POTS, postural orthostatic tachycardia syndrome;
VVS, vasovagal syncope; CSS, carotid sinus syndrome.

Figure 1:

variability and baroreflex hyposensitivity, all of which are predictors
of adverse outcomes.” Importantly, cardiovascular dysautonomia
may also affect local circulation, leading to cerebral, coronary and
peripheral circulatory dysfunction (Fig.1). Furthermore, even arterial
hypertension and chronotropic insufficiency can be seen as a part
of cardiovascular dysautonomic continuum, although their etiologies
are disputable™. Different types of cardiovascular dysautonomia may
coexist; patients with orthostatic hypotension may have chronotropic
insufficiency, whereas patients with POTS may have inappropriate
sinus tachycardia (IST) and recurrent vasovagal syncope. Moreover,
dysautonomias may coexist with primary cardiac diseases. For
instance, OH may accompany heart failure, atrial fibrillation and
ischemic heart disease, complicating the appropriate management of
these conditions and worsening prognosis.'*?

Cardiologists are not always aware of cardiac dysautonomia as their
main focus is usually on primary cardiac disorders such as heart failure,
coronary artery disease, arrhythmias and hypertension, the latter not
seen as a dysautonomia but rather as a potent cardiovascular risk factor.
However, being alert to the possibility of cardiac dysautonomia is
very important, especially when dealing with cardiovascular patients
presenting with unusual symptoms and apparently normal vital
parameters and ECG. In this article, we define the most common

forms of cardiac dysautonomia and outline the adequate diagnostic
methods for detection of cardiac dysautonomia in clinical practice.

2. Different types of cardiac dysautonomia
Case #1

A 25-year-old Caucasian female presented for a “second opinion”
regarding palpitations, dizziness, and near syncope. Symptoms
began at age 12 with onset of menarche. She reports a long history
of digestive issues, including abdominal and pelvic pain thought
due to irritable bowel syndrome. Beginning at age 20 she developed
night sweats, and frequent rashes and redness of her skin (involving
the axillae, face and chest) and urticaria of her legs have been a
problem. (Figure 2a-d). Flecainide and a beta-blocker were tried
for palpitations thought due to premature atrial contractions (PACs)
and, for this underwent an ablation, however symptoms continued.
External monitoring correlated symptoms with sinus tachycardia
and continued PACs (Figure 3a, b). Treatment with atenolol and
metoprolol resulted in hypotension and fatigue. The combinations of
midodrine and metoprolol, midodrine and propranolol, and digoxin
and diltiazem were ineffective. Ivabradine provided some benefit but
ocular migraines limited its use.

Due to continued symptoms and documented PAC’s, she
underwent another electrophysiology study that was negative except
for an exaggerated heart rate response to isoproterenol. Autonomic

2b

2a

Pictures of a typical rash involving the axillae and lower
extremities of a woman with Postural Orthostatic Tachycardia
Syndrome.
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Figure Symptomatic events from a Holter monitor in a patient with

Postural Orthostatic Tachycardia Syndrome

3a,3b:

testing was normal. Tilt table testing was normal;, however, the
patient was wearing compression garments during the study. (Figure
4). It was recommended that she increase hydration, salt and wear
compression garments.

At the time of referral, despite drinking 3 liters of water and
ingesting 6 salt tablets daily, as well as doing Pilates 5 days/week,
orthostatic intolerance made it impossible for her to continue
working as a nurse or even go grocery shopping. After 3-5 minutes of
upright posture, scotomata, diaphoresis and dizziness occurred which
improved with squatting or laying down. Symptoms are worse in
the morning and after eating a large meal. She has self~-documented
standing heart rates as high as 180 bpm within 3 minutes of standing
with a finger pulse oximeter. As a result of heat intolerance and night
sweats, she has begun sleeping with ice packs.

Orthostatic vital signs at the time of her initial consultation (Table
1):

She was sent for supine and upright norepinephrine levels, a 24-
hour urine for catecholamines, and she was referred to an allergist
for possible Mast Cell Activation syndrome (MCAS). Laboratory
testing was normal, with the exception of an upright norepinephrine
level of 1121pg/ml. She was diagnosed with chronic urticaria by an
allergy and immunology specialist.

The patient was started on H1 and H2 blockers, Montelukast,
Aspirin 81 mg daily, Cromolyn, and low dose clonidine, and began
evaluating her diet for “triggers”. She wasweaned off of ivabradine after
being on this regimen for a few months. After 6 months, she returned

IEL R Active standing test

Time and Blood Heart Rate Symptoms

position Pressure

Supine after 10 122/70 91 None

min

Standing 1 min 124/86 103 None

Standing 2 min 130/90 120 Dizziness, palpitations
Standing 3 min 130/90 127 Palpitations, near syncope

to work and was able to go hiking in the mountains of Colorado.
She continues to wear compression garments, aggressively hydrate
and supplement with sodium tablets. Due to the elevated upright
norepinephrine level, the patient was diagnosed as hyperadrenergic
POTS. It was felt that the chronic urticaria and subsequent
histamine release exacerbated her syndrome. She continues to have
postural tachycardia, albeit with less extreme elevations of heart rate,
improved symptoms and improved quality of life.

a. Postural Orthostatic Tachycardia Syndrome and
Inappropriate Sinus Tachycardia
Postural ~orthostatic  tachycardia syndrome (POTS) and

inappropriate sinus tachycardia (IST) are common forms of cardiac
dysautonomia that may overlap in clinical presentation. Both
predominantly affect young women and can significantly affect quality
of life and functional status' . Distinguishing between the two in
the clinical practice can be challenging and requires astute attention
to detail, with particular focus on the correlation of symptoms with
upright posture.

As its name implies, POTS is not a disease entity, but a syndrome.
'The syndrome consists of orthostatic intolerance of at least 6 months
duration, which is defined by an increase in heart rate of 30 bpm
(>40bpm if <19yo) within 10 minutes of active standing or passive
tilt testing, and without a significant drop of systolic blood pressure
(< 20mmHg) ™ (Fig. 5). Upright heart rates generally exceed
120 bpm, especially in younger individuals. Symptoms frequently
associated with upright posture can include dizziness, palpitations,
fatigue, headache, nausea, pre-syncope, tunneling of vision, and
“brain fog”'*1" 18, Although patients may report continued symptoms
when sitting or supine, in order to make a diagnosis of POTS, there
has to be a clear exacerbation of symptoms and an increase in heart
rate when assuming an upright posture. Syncope is less common in
patients with POTS, but POTS patients may also have coexistent
neurally-mediated i.e. vasovagal syncope’. Those most affected are
women between the ages of 15-35, with a prevalence of 0.2%. Recent
data from the Mayo Clinic *° supports this with 89% of diagnosed
patients being female with an average age of 23.4-years-old.

'The underlying mechanism of POTS appears to be heterogeneous
and may include catecholamine excess due to either abnormal
biosynthesis and release or reduced clearance”, peripheral
autonomic denervation®?, and autoimmunity against adrenergic and
other cardiovascular receptors™ . Accordingly, several POTS
subtypes have been proposed. These include: hyperadrenergic,
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Results (in table format) of autonomic testing performed at
a tertiary institution on a patient with Postural Orthostatic
Tachycardia Syndrome

Figure 4:
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neuropathic, and hypovolemic forms.?* Importantly, identification
of specific POTS subtypes usually requires additional tests such as
catecholamine measurement, skin biopsy, blood volume assessment,
and immunological testing, which is not generally available outside
very specialized diagnostic centers. Associations with hypermobility
syndromes and mast cell disorders are also noted' ' 2. Patients
with mast cell disorders will often experience flushing, abdominal
discomfort, have symptoms triggered by stress or exertion, or have a
history of urticaria, dermatographia, or rash. During an acute episode,
these patients will have an elevated urine methylhistamine. It is
important to note that this level will be normal between episodes?.

Hyperadrenergic POTS patients will have an elevated standing
plasma norepinephrine level of >600 pg/ml and account for
approximately 30% of all POTS patients®® . During head up tilt
testing, these patients typically have greater increases in systolic
blood pressure and heart rate and clinically report more symptoms of
headache, tremulousness and dizziness than other subtypes of POTS
. Treatment focuses on reducing activation of the sympathetic
nervous system. Most commonly beta blockers are utilized, however
sympatholytic agents such as clonidine and methyldopa may also be
effective treatment strategies®.

Neuropathic POTS patients have signs of peripheral autonomic
denervation and impaired sudomotor function with diminished
sweating of the distal lower extremities ' %% These patients have
been shown to have lower heart rates, less anxiety and less impact
on their quality-of-life than other POTS patients®?. Testing for
neuropathic POTS is not practical in most clinical settings. These
patients may have excessive venous pooling, along with acrocyanosis
while assuming upright posture. Use of compression garments to
reduce venous pooling in the pelvis and lower extremities, exercise to
strengthen the musculature of the lower extremities, and midodrine
may prove to be beneficial. *

In hypovolemic POTS, as the name implies, patients are noted to

Cerebral oximetry (%) Head-up tilt Tilt down

Blood pressure
(mmHg)

Heart rate L ,,‘,,_‘.’ r’
(bpm) )\

Head-up tilt test performed on 15-year-old-girl with suspected‘
POTS. Please, note a steep increase in heart rate after tilt-up
(+60 bpm) associated with subjective symptoms of orthostatic
intolerance, headache, dizziness and fatigue. Cerebral oximetry
(normal values: 60-80%) measured through near-infrared
spectroscopy demonstrates pronounced variation and fall
tendency. Test is terminated after 15 min due to pronounced
intolerance symptoms.
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Comparison of two typical 24-hour Holter monitoring circadian
curves in postural orthostatic tachycardia syndrome (POTS)
and inappropriate sinus tachycardia (IST). Please, note highern
average heart frequency and lack of typical high heart rate
spikes, especially after awakening in IST compared with POTS.

Figure 6:

have low plasma volumes.?® Dr. Raj and colleagues noted that there
was no compensatory increase in plasma renin activity despite the
lower circulating volume. These patients were also noted to have low
levels of aldosterone®. Treatment of these patients should focus on
expanding blood/plasma volume and physical reconditioning®.

Cardiovascular deconditioning i.e. reduced exercise tolerance and
diffuse muscle fatigue are common denominators among the various
POTS subtypes®. Bedrest/physical inactivity will often exacerbate
symptoms and can precede the onset of POTS. Physical inactivity
results in cardiac atrophy and hypovolemia. Early physical activity
in the recumbent/horizontal position is recommended as a treatment
strategy, with a gradual increase in duration and intensity as patients
become more fit**,

Inappropriate Sinus Tachycardia (IST) can be difficult to
distinguish from POTS in the clinical setting, as it affects a similar
demographic (primarily young women) and symptoms often overlap.
A distinguishing feature is the lack of exacerbation of symptoms
with upright posture. IST is defined as a resting heart rate >100 bpm
and a mean heart rate of at least 90 bpm over a 24- hour period.
5(Fig.6). Sinus tachycardia related to other conditions (anemia,
thyroid abnormalities, hypovolemia, medications, etc.) should be
excluded. A 12-lead ECG should be obtained during tachycardia
and sinus rhythm to exclude other atrial tachycardias. The underlying
mechanism is not clearly understood. A small study suggested a high
intrinsic heart rate, depressed efferent cardiovagal reflex and beta-
adrenergic hypersensitivity”. Another small study, by Chiale et al,

suggests anti- beta-1 receptor antibodies may play a role*®.

Case#2

69-year-old gentleman presented in 2016 after moving to the
area. He has a history of severe native coronary artery disease status
post 3-vessel bypass in 2013, ischemic cardiomyopathy with an EF
of 30% post single chamber primary prevention ICD implanted
several months after bypass surgery, Type-I diabetes with peripheral
neuropathy, diabetic nephropathy, and dyslipidemia. He reports
a history of “chronic hypotension” since his bypass treated with a
combination of midodrine and fludrocortisone. He was diagnosed
with Parkinson’s disease 12 months ago. He is unable to get out
of bed until mid-afternoon due to weakness and dizziness. He
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Cerebral oximetry (%) Tilt down

Head-up tilt

Blood pressure
(mmHg)

Heart rate
(bpm)

Classical orthostatic hypotension. Head-up tilt test performed on
82-year-old-man. Please, note a steep decrease in blood pressure
after tilt-up (-70 mmHg) associated with subjective symptoms of
orthostatic intolerance, dizziness and fatigue. Cerebral oximetry|
(normal values: 60-80%) measured through near-infrared
spectroscopy demonstrates progressive fall. Test is terminated
after 15 min due to pronounced intolerance symptoms and
presyncope.

Figure 7:

denies syncope, but reports falling most days. Current medications:
Carbidopa-Levodopa 25/100 1 tablet twice daily, Aspirin 81mg daily,
Furosemide 60mg daily, Spironolactone 12.5mg daily, Midodrine
5mg po three times daily, Fludrocortisone 0.2mg in the morning,
0.1mg in the evening, Crestor 40mg daily, Gabapentin 300mg twice
daily, Iron ER 325mg twice daily, Novolog 100 unit/ml: 8 units
subcutaneously 3 times daily, Metoprolol succinate 12.5mg daily,
Tamsulosin ER 0.4mg every other day. The patient was noted by
staff to become weak and fall to the ground when being escorted
from the waiting room. He was placed in a wheelchair. The first
blood pressure obtained in a seated position was 68/42 with a pulse
of 92bpm. Orthostatic vital signs were not performed due to extreme
hypotension. On physical exam, the patient appeared ill and was pale.
Cardiac exam did not reveal jugular venous distention, murmurs, rubs
or gallops. Lunges were clear and there was no evidence of peripheral

Cerebral oximetry (%) Head-up tilt CcSMdx  NTG Tilt down
?

wwgfon

Blood pressure
(mmHg)

Heart rate

(bpm) I
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Delayed orthostatic hypotension, carotid sinus hypersensitivity|
and vasovagal reflex. Head-up tilt test performed on 65-year-
old-man with unexplained syncope. Please, note a progressive
decrease in blood pressure after tilt-up (- 30 mmHg ), positive
carotid sinus massage right side with symptom reproduction
(dizziness) and finally positive nitroglycerine provocation with
syncope. Cerebral oximetry (normal values: 60-80%) measured
through near-infrared spectroscopy demonstrates only a slight|
progressive fall. CSM dx, carotid sinus massage right side; NTG,
nitroglycerine 400 ug sublingually.

Figure 8:

edema. An echocardiogram showed an EF of 33% with inferolateral
akinesis and hypokinesis of the remaining walls. There were no
valvular abnormalities and the pulmonary pressure was normal.

The patient was taken off of spironolactone, and furosemide was
reduced to 40mg daily. Droxidopa was added to the medical regimen
and titrated up to the maximum dose of 600mg three times daily.
Active standing vital signs 1 week later was performed without
symptoms.

Although orthostatic vital signs were not obtained on initial
evaluation, Droxidopa was added for presumed neurogenic orthostatic
hypotension in the setting of diabetic peripheral neuropathy and
Parkinson’s disease.

b. Orthostatic Hypotension

Orthostatic hypotension (OH) is the most common form of
cardiovascular dysautonomia in middle-aged and older people’?. The
prevalence of OH ranges from less than 5% in younger individuals
aged <45 years to 20% and more in those aged >70 years ***. Moreover,
OH can be frequently found in hypertension, heart failure, Parkinson’s
disease, diabetes, renal failure, autoimmune diseases and cancer 3%,
In the center of OH pathophysiology are insufficient compensatory
mechanisms acting after assuming a standing position, impaired
peripheral vasoconstriction, inadequate chronotropic response and
reduction in venous return. Fall in BP while standing may be due
to structural or functional sympathetic denervation, or impaired
baroreflex response due to malfunction of effector organs, the heart

Blood Pressure Pulse
Lying 122/64 80
Sitting 124/60 80
3-minute stand 112/48 80

and vessels'. The former is usually denominated as neurogenic OH
and accompanied by blunted chronotropic response on standing and
history of neurodegenerative disease or other chronic conditions

affecting ANS such as diabetes or kidney failure**

Traditionally, OH (Fig.7) is defined as sustained reduction of
systolic BP (SBP) 2 20 mmHg and/or diastolic BP (DBP) = 10
mmHg within 3 minutes of active standing test or during a head-
up tilt test (HUT) * %, In patients with supine hypertension, a
reduction in systolic BP of at least 30 mmHg might be considered
as the magnitude in BP fall is proportional to baseline values *. The
delayed form OH (Fig. 8) is due to a gradual impairment of adaptive
mechanisms during orthostasis, resulting in a slow progressive
drop in arterial pressure of the same magnitude as in classical
form but occurring first after 3 minutes of standing®. Delayed
OH has been associated with a milder impairment of sympathetic
function, suggesting that this form may be a less severe or an early
form of autonomic failure, along with age-related impairment of
compensatory reflexes associated with a stiffer and more preload-
dependent heart in older patients *~°. In terms of syncope incidence,
OH is the second most common etiology of syncope, occurring in
approximately 10-15% of syncope presentations, and being strongly
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overrepresented in advanced age *°*2. Unfortunately, OH is often
unrecognized or even misdiagnosed. As such pacemaker implants
do not eliminate recurrent syncope in all patients with bradycardia
even if adequate pacemaker function is present unless OH is
recognized and addressed *. Orthostatic hypotension should be
always suspected when syncope or characteristic symptoms occur
while standing, in a warm environment, after large meals (overlap
with postprandial hypotension), while going to the toilet during
night or after awakening and getting up in the morning® **. The
management of OH is multifaceted, beyond the scope of this article,
and the interested reader is referred to specific monographies on the
subject® !>,

c. Reflex syncope: vasovagal reflex and carotid sinus syndrome

Reflex syncope is the result of a paroxysmal parasympathetic
activation and sympathetic withdrawal resulting in hypotension
and bradycardia. The two most common forms of reflex syncope are
vasovagal syncope and carotid sinus syndrome®?. Vasovagal syncope
(VVS) is the most frequent form of syncope among all age groups.
Female patients experience more episodes of syncope over longer
periods of their life than men®. The diagnosis of vasovagal syncope is
often implied by the history. Vasovagal syncope often has: 1) a trigger
(emotional distress, pain, fear, orthostatic stress) followed by 2) a
prodrome of non-cardiovascular symptoms resulting from activation
of the vagus nerve (nausea, sweating, diaphoresis, pallor, yawning,
salivation) and 3) symptoms associated with cerebral hypoperfusion
(dizziness/light-headedness, blurred vision, scotomata) before total
loss of consciousness.”” In term of hemodynamic response, VVS may
be cardioinhibitory, mixed or vasodilitatory. A mixed mechanism is
most prevalent®.

Jardine and colleagues®® use tilt table data to describe the physiologic
phases that occur prior to the reflex syncope response. The first phase
is the “early stabilization” which occurs when assuming upright
posture. There is a shift in central blood volume from the thorax to
the lower extremities and the heart rate increases in an attempt to
compensate for a fall in cardiac output. There is a simultaneous rise
in diastolic blood pressure due to a baroreflex-mediated constriction
of the splanchnic arterioles and skeletal muscle (increased muscle
sympathetic nerve activity [MSNA].) The second phase is a period
of “circulatory instability” characterized by decreased systolic blood
pressure and cardiac output. Bursts of MSNA are noted to increase
blood pressure variability. The third “terminal hypotension” phase
occurs 30-60 seconds prior to syncope. In adults, the mean arterial
pressure, blood pressure variability, and heart rate decrease despite
maintaining SVR. In younger patients, the fall in cardiac output
can be seen with concomitant vasodilation. The fourth phase
is the “recovery” in which there is a rapid recovery of MAP with
symptomatic improvement when returned to a supine position. Fu
and Levine demonstrate similar findings and noted that MSNA
withdrawal occurred late, after the onset of hypotension®. 'The
duration of the phases of vasovagal syncope varies among individuals,
as does the mechanism resulting in decreased cardiac output.

Reflex syncope is generally benign and does not lead to significant
morbidity and mortality. Why some individuals are predisposed to
vasovagal syncope remains unclear. Dr. Sheldon’s work suggests the
possibility of a genetic predisposition related to serotonin signaling.

More conclusive work is needed in this area®®®'.

Carotid sinus hypersensitivity (CSH, afferent baroreceptor
dysfunction) isanother common form of reflex syncope, predominantly
found in older individuals®’. By nature, CSH is a chronic condition,
which when associated with episodic syncopal attacks is termed
“carotid sinus syndrome” with a substantial proportion of patients
demonstrating cardioinhibitory response (ventricular pause>3 sec)
and being suitable for pacemaker therapy.®* CSH may overlap
with other chronic dysautonomic conditions such as OH, jointly
contributing to circulatory collapse and syncope (Fig.8).

d. Other forms of cardiac dysautonomia

Dysautonomias are not only limited to very rare or less known
syndromes and conditions such as POTS and IST. Indeed, all
disorders of the autonomic control of global and local circulation
may fit under the umbrella term of cardiovascular dysautonomia®*
10 Tt should be remembered that, one of the most common, if not
commonest, cardiovascular disorders, arterial hypertension, is a form
of cardiovascular autonomic dysfunction of hyperadrenergic type
with upregulation of neuroendocrine mechanisms responsible for
blood pressure control *(Fig.1). Moreover, disturbances of natural
circadian blood pressure variability such as a non-dipping pattern and
nighttime hypertension are also dysautonomias and suggest impaired
autonomic control of global circulation®. These conditions can be
found in hypertension, orthostatic hypotension, diabetes, and kidney
failure. Likewise, the reduced heart rate variability and chronotropic
insufficiency are two opposite sides of the same problem, either a
result of sympathetic upregulation and constant hyperadrenergic
drive (“too fast”)®, or an impaired heart rate response to autonomic
stimuli (“too slow”), falling within the broad category of autonomic
“pump dysfunction” (Fig.1). One should not forget that disorders of
vascular bed control in specific organs and body zones are also an
integral part of dysautonomic continuum. To that, category belong
such disorders as migraine, coronary spasm, acrocyanosis and venous

pooling (Fig.1).

3. Diagnostic strategies for cardiovascular dysautonomias
There are multiple diagnostic modalities for cardiovascular
dysautonomias, some of which are well-known from the standard
diagnostic procedures in cardiology for detection of coronary disease,
cardiac arrhythmias, and impairment of cardiac pump function. This
is a summary of recommendations for different types of cardiac
dysautonomias according to current syncope guidelines 5%,

Modality POTS IST OH VS Css HTN Chronotropic
insufficiency

HUT X X X X

CsSM X

24-h-ECG X X X

24-h-ABPM X X (X) X

ILR X X X

HUT, head-up tilt testing; CSM, carotid sinus massage; 24-h-ABPM, 24-hour-ambulatory blood
pressure monitoring; ILR, implantable loop recorder; POTS, Postural Orthostatic Tachycardia
Syndrome; IST, Inappropriate Sinus Tachycardia; OH, Orthostatic Hypotension; VVS, Vasovagal
Syncope; CSS, Carotid Sinus Syndrome; HTN, hypertension.
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Conclusions

Apart from the most prevalent arterial hypertension, conditions
like postural orthostatic tachycardia syndrome, inappropriate sinus
tachycardia, orthostatic hypotension, reflex syncope, chronotropic
incompetence and cardiovascular circadian rhythm disorders should
be known for cardiologists. Cardiac dysautonomias vary in prevalence
during the life span and may overlap, thus posing a challenge for
a clinician. It is therefore important to recognize their typical
manifestations, critical diagnostic methods as well as prognostic and
therapeutic consequences.
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