What are
Dysautonomias?

Dysautonomiagire
conditions where
altered activity of the
*automatic” nervous
system (the autonomic
nervous systems
harmful to health.
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In Dysautonomias,
What Goes Wrong?

Probably the most common typedyfsautonomias a
condition where alteredutonomic nervous system
function worsens another disease process that happens to
be going on at the same time. For instance, when a
person shovels snow, the exercise and cold exposure
while standing up activate tlsympathetic nervous
systemand this increases the blood pressure, pulse rate,
and the force of the heartbeat, which are appropriate
responses. More blood is delivered to the heart muscle,
which uses up oxygen because of the increased work of
the heart. But if the person has sevamnary artery
diseasewhere the blood vessels that are supposed to
deliver blood to the heart muscle are narrowed, the blood
supply does not increase to meet the increased demand
for oxygen. This imbalance can lead to a heart attack or
fatal abnormal heart rhythm. In other words, in this
situation, the increased sympathetic nervous system
outflow would be appropriate, but the person ends up
suffering anyway, because of the worsening of an
independent disease.

In other forms oflysautonomiathe problem is from
abnormal function of thautonomic nervous system
itself. This is the form oflysautonomiahat most of the
rest of this book is about.
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Altered “automatic” nervous system
function can worsen another disease or can
itself harm health. In this book,
“dysautonomias” refer to disorders of the
autonomic nervous system itself.

For a variety of reasons, we know much more about what
goes wrong with theympathetic nervous systénan

with other parts of thautonomic nervous systam
dysautonomias

In general, there are two waglgsautonomiasan result
from abnormal function of theympathetic nervous
systemThe first is when the system is activated to take
over when another system fails. We call this
compensatory activation. The second is when there is a
primary abnormality of the system.

Finally, there are two general ways the function of the
sympathetic nervous systean be abnormal. The first is
by underactivity of the system, and the second is
overactivity of the system. Both underactivity and
overactivity of thesympathetic nervous systean be
persistent and long-term or can be occasional and short-
termee in other words, chronic or episodic.

A



Altered Autonomic Nervous System Function

Worsening of Harmful change in
another disedse autonomic
nervous system
function
Compensatory Abnormal
activation autonomic
nervous system
function
Too active Too inactive
Acute Chronic Acute Chronic

There are four types of dysautonomia,
depending on whether there is too much ¢
too little activity and whether the conditior

DI
|

IS new or has been going on a long time.
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The "Mind-Body"
Issue

It is worthwhile to discuss here the issue of the “mind
versus body” as a primary cause of disease, because
dysautonomiasare, possibly more than any other
ailments, mind-body disorders.

Dysautonomias are mind-body disorders.

This is a difficult subject for both doctors and patients.

The problem is the old notion that the body and mind are
separate and distinct in a person, and so diseases must be
either physical or mental. If the disorder were physical, it
would be “real,” something imposed on the individual,
while if it were mental, and “in your head,” it would not

be real, but something created in and by the individual.

Mind —  Thoughts > Mental Illness

Body — Imposed Challenges — Physical Illness

Traditional separation of mental from
physical iliness.




Distinctions between the “body” and the
“mind,” the physical and mental, problem;
imposed on the individual and those in thg
mind of the individual, are unhelpful in
trying to understand dysautonomias.

o

These notions date from the teachings of the Renaissance
philosopher, Descartes. They are outdated by now and
also inappropriate and unhelpful in trying to understand
disorders of thautonomic nervous system.

Here is why. Remember in the first chapter you learned
about the “inner world” and the “outer world”? The mind
deals with both worlds, simultaneously, continuously,
and dynamically in life. Conversely, both worlds affect
the mind, and each individual filters and colors
perceptions of the inner and outer world. For instance,
there is no such thing as a person exercising without
“central command,” to tense and relax specific muscles.
At the same time, and as part of the same process, the
brain automatically directs changes in blood flow to the
muscles. The exercising muscle and changes in blood
flow lead to information—feedback—to the brain about
how things are going both outside and inside the body.

The autonomic nervous system operates jat
the border of the mind and body.
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Now here is the key: Thautonomic nervous
systenoperates exactly at the border of the
mind and body. The brain uses and depends
on theautonomic nervous systdor the

internal adjustments that accompany every
motion a person performs and every emotion
a person feels.

You already know this, if you think about it. When you
jog, for instance, the blood flow to the skin and muscle
increases, the heart pumps more blood, you sweat, and
you move more air. These are automatic features of the
experience of exercising. Can you imagine exercising
and not noticing these things?

It's also true that virtually every emotion a person feels
includes changes in the same body functions. For
instance, when you are enraged, the blood flow to the
skin and muscle increases, the heart pumps more blood,
you sweat, and you move more air.

From the point of view of the bodily changes, it would
matter little whether these changes resulted from the
physical experience of exercise or the mental experience
of rage. Both situations involve alterations in the activity
of components of thautonomic nervous systeBoth



/ > Mind <« \

Autonomic Somatic
Nervous Nervous
System System
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& Inner World Outer World J

A systems approach to the mind-body isspue.

situations involve changes in the inner and outer worlds.
And if yourautonomic nervous systemere to

malfunction, your reactions ®&ther situation would not

be regulated correctly, in either situation you could feel
sick, look sick, andbe sick!

A “systems” approach helps to understand
dysautonomiasAccording to the systems approach, the
mind simultaneously directs changes ingbenatic
nervous systerand theautonomic nervous systebgsed
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on perceptions about what is going on in the inner world
and the outer world.

Note that theutonomic nervous systeaffects both the
inner world and outer worlds. For instance, if a person
looked pale, because the blood quite literally had drained
from the face, and was sweaty, trembling, and mumbling
incoherently, other people would likely react to these
signs of distress and ask, “Are you OK?”And it is well
known that strong emotions, probably adrenaline
release, can energize an individual. In fact, one of the
entries under weightlifting in the Guiness Book of
Records referred to a 123-pound mother who summoned
the strength to lift the front end of a 3,600-pound car
after a jack had collapsed and the car had fallen on her
child!

Analogously, thesomatic nervous systeran affect the
inner world. For instance, you can voluntarily increase
your blood pressure any time you want, by clenching a
tight fist, or dunking your hand in cold water.

How would a systems approach help to understand a
dysautonomia? malfunction at almost any part of the
system could lead to an alteration in activity of the
autonomic nervous systeRor instance, if there were no
feedback to the brain about the state of the blood pressure
(part of the inner world), then there would be an inability

to keep the blood pressure within bounds, by changing
the activity of theautonomic nervous systeththere

were no feedback about the extent of physical exercise,
there would also be an inability to adjust the blood
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pressure and blood flows appropriately. Of course, if
there were a failure of treutonomic nervous system
itself, this would also interfere with regulation of the
inner world, but there would also be difficulty in dealing
with the outer world, manifested by problems like
exercise intolerance or an inability to tolerate standing
for a prolonged perio(brthostatic intolerance)Finally,

if the person had a psychiatric disorder such as
panic/anxiety, then the inappropriate emotional
experience of fear would be linked to batitonomic
nervous systermndsomatic nervous systerhanges.

A clinician’s ability to treat alysautonomiauccessfully
would also benefit from a systems approach. Treatments
at any of several steps might help, but the best place in
the system to insert a treatment would be the step closest
to where the problem is.



When in Life do
Dysautonomias
Occur?

Different types oflysautonomiaccur in
different stages of life.

Dysautonomias can occur at any age.

In infants and childrerdysautonomiaften
reflects a genetic change, calleohatation
A mutation is like a “typo” in the genetic
encyclopedia.

One type of mutation that runs in the family of people of
east European Jewish extraction cadiasslial
dysautonomiaAnothermutationthat produces
dysautonomiag children causes a type of
phenylketonuria (PKU). Another causes “kinky hair
disease” (Menkes disease). In genatg§autonomias
from genetianutationsare rare. In adultslysautonomia



Infancy/Childhood
Sensory and Autonomic Neuropathy (SAN)
Familial Dysautonomia (a form of SAN)
Menkes Disease

Childhood/Adulthood
Postural Tachycardia Syndrome (POTS)
Neurocardiogenic Syncope (NCS)
Hypernoradrenergic Hypertension
Autoimmune Autonomic Failure
Acute Baroreflex Failure

Adulthood/Elderly
Diabetic Autonomic Neuropathy
Chemotherapy
Parkinson’s Disease
Amyloidosis

Multiple Myeloma

Multiple System Atrophy (MSA)
Shy-Drager Syndrome (a form of MSA)
Pure Autonomic Failure (PAF)

Different forms of dysautonomia happen at
different ages. Here are some examples.




usually reflects a functional change in a generally intact
autonomic nervous system

Examples ar@eurocardiogenic syncod&here the
person has frequent episodes of fainting or near-fainting),
postural tachycardia syndron{eshere the person cannot
tolerate standing up for long periods and has a rapid
pulse rate during standing), ahgpernoradrenergic
hypertensior{where overactivity of theympathetic
nervous systermauses a form of high blood pressure).
Less commonly, there is a loss of nerve terminals, such
as caused by a toxic substance, viral infection, or the
body attacking itselfgutoimmune autonomic failure
Rarely,dysautonomian adults reflects a genetic
mutation the one-in-a-million “typo” in the genetic
encyclopedia, or polymorphismwhich is genetic

change that is more common thamatation.

In the elderlydysautonomiaisually reflects a
degeneration of theutonomic nervous systeoften in
assocation with other evidence of degeneration of the
brain. Examples amaultiple system atrophand
Parkinson’s disease.
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How Are
Dysautonomias
Classified?

Sincedysautonomiasan be somewhat
mysterious and controversial, doctors can
disagree about the diagnostic classification
of dysautonomiadn this section we follow
the diagram about types of dysautonomia
from a few pages ago.

Doctors can disagree about how to classify
dysautonomias.

As you read about theysautonomiadseep in mind that

the particular labels that are given for many of these
conditions are “best guesses;” many labels refer to
essentially the same set of symptoms; even with the same
label, different people can have very different symptoms;
and actual mechanisms for many of these conditions are
not well understood. Further research will lead to
discoveries about the causes of these conditions, and
new, definitive names for the conditions.



The primary concern for the patient and
doctor should be symptom management,
which will provide relief and better quality
of life.

Changes irmutonomic nervous systdonction can
adversely affect health lworsening another disease

One example of this is the activation of Hyenpathetic
nervous systenduring exercise in the cold, such as
during shoveling snow. Both cold exposure and exercise
increase activity of theympathetic nervous system

Under normal circumstances this helps the person, by
preserving and generating body heat and by delivering
more blood to the muscles. The blood pressure and pulse
rate increase, the work of the heart increases, and the
blood flow to the heart muscle by tberonary arteries
normally increases. But if the person has sewerenary
artery diseasewhere thecoronary arteriedeeding the
heart are narrowed, then when the work of the heart
increases, due to activation of thanpathetic nervous
systemthe blood flow in theoronary arteriedoes not
increase. This imbalance between the limited delivery of
oxygen by the blood and the increased demand for
oxygen can produce chest pain or pressure, heart attacks,
or fatal abnormalities in heart rhythm. In other words,
what would in other situations be a normal, helpful
increase irsympathetic nervous systativity ends up
worsening the health of the patient, in this case by
turning “silent” coronary artery diseasmto a killer.
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Changes irautonomic nervous systdonction can also

be harmful, when activity of the system changes to
compensatefor abnormal functioning of a different body
system. For instance, lreart failure,the heart fails to
deliver an appropriate amount of blood to body organs.
As compensation to improve the pump function of the
heart, thesympathetic nervous systéractivated. At the
same time that this can improve the pump function of the
heart, the activation of treympathetic nervous system
also increases the risk of fatal abnormal heart rhythms,
increases the work of the heart, and promotes overgrowth
of heart muscle, which can stiffen the heart walls and
worsen the heart failure.

When doctors think abodtysautonomiaghey usually
don’t think about altered function of tla@tonomic
nervous systemorsening another disease, or about
harmful effects oEompensatory activatiowhen another
system fails. Instead, doctors think about abnormal
function of theautonomic nervous systatself.

In general, there are four types of abnormal function of
theautonomic nervous systefirhere may be acute
overactivity, chronic overactivity, acute underactivity,
and chronic underactivity. The next chapters describe
these disorders.



In What
Conditions is the
Autonomic
Nervous System
Underactive?

Different parts of the autonomic nervous
system are underactive in different
disorders.

When theparasympathetic nervous syst&am
underactive, the person has constipation, retention of
urine in the bladder, a tendency to fast pulse rate,
decreased salivation, and in merpotenceSeveral
drugs can cause this combination of problems, but
sometimes they result from failure of some part of the
parasympathetic nervous systaihether the problem is
in the brain, in the nerve traffic from the brain, in the
gangliathat act like transfer stations on the nervous
system highway, in the nerve terminals preventing
release of the chemical messengeetylcholinepr in
thereceptorsfor acetylcholinen the tissue, the effects in
terms of the way the patient feels and looks are about the
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Parasympathetic nervous system
underactivity produces constipation, uringry
problems, fast pulse rate, decreased spit, or
(in men) an inability to have an erection.

same. In other words, many different mechanisms can
result in the same symptoms.

Theparasympathetic nervous systesmnderactive in
several types alysautonomiaincluding Parkinson’s
diseasewith autonomic failurepure autonomic failure,
andmultiple system atrophyll these types of
dysautonomialso feature underactivity of the

sympathetic nervous systéoo, and they are discussed
later in separate sections. Parasympathetic functions tend
to decrease also with normal aging.

When thesympathetic nervous syst&mnderactive, the
person has a fall in blood pressure if the patient stands
up, which is calle@rthostatic hypotensiorsympathetic
failure produces a tendency to slow pulse rate and in men
inability to ejaculate. Several drugs can cause this
combination of problems, but sometimes they result from
failure of some part of theympathetic nervous system.



A fall in blood pressure when the patient
stands (orthostatic hypotension) is an

important sign of failure of the sympathetic
nervous system.

As for underactivity of th@parasympathetic nervous
systemwhether the problem is in the brain, in the nerve
traffic from the brain, in thganglia,in the nerve

terminals preventing release of the chemical messenger,
norepinephrinepr in thereceptorsfor norepinephrinan

the tissue, the effects in terms of the way the patient feels
and looks are about the same.

Sweating and blood pressure are
*automatic” functions controlled by
different chemicals.

Sinceacetylcholinas the main chemical messenger used
by thesympathetic nervous systéon sweating, while
norepinephrinds the main chemical messenger used by
thesympathetic nerve systdmtighten blood vessels and
maintain blood pressure during standing, a patient with a
specific problem in the production, releaseremeptors

for norepinephrinecould haveorthostatic hypotension

and yet sweat normally.

Thesympathetic nervous systésrunderactive in several
types ofdysautonomiaincluding Parkinson’s disease
with autonomic failure, pure autonomic failure, and
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multiple system atrophyAcute sympathetic failuralso
appears to play a key role in fainting.

When theadrenomedullary hormonal systes
underactive, the effects on the body are much more
subtle than when thegarasympathetic nervous system
the sympathetic nervous systérunderactive. This is
probably because tlaglrenomedullary hormonal system
Is activated in relatively unusual emergency situations.
When you are at rest, yoadrenal glandgelease very
little epinephrinanto the bloodstream.

Epinephrine (adrenalines one of the body’s main
hormones for regulating blood levelsgificose pne of
the body’s main fuels. Failure of tadrenomedullary
hormonal systeman cause a tendency to low glucose
levels, a condition calleldypoglycemiaThis can be a
major problem in patients who hagimbetesand take
injections ofinsulin, because failure of the
adrenomedullary hormonal systemthese patients can
result in susceptibility to sevehgpoglycemiaeactions
to theinsulin.

Failure of the adrenomedullary hormonal
system can cause a tendency to low glucpse
levels (hypoglycemia).




What is
Orthostatic
Hypotension?

Normally, when you stand up, you don’t notice much that
is different. Nevertheless, there are quite a few automatic,
largely unconscious, reflexive changes directed by the
brain that are required for tolerating the act of simply
standing up. When the reflexes fail, the patient can’t
tolerate simply standing up. If the blood pressure falls by
more than 20 millimeters of mercury between lying flat
and standing up, this is called orthostatic hypotension.

Inability to tolerate standing up, orthostatic

intolerance s a symptom, a complaint about something
abnormal a person notices that provides subjective
evidence of a disease. A fall in blood pressure when a
person stands up, orthostatic hypotensions a sign,
something a doctor can observe or measure that provides
objective evidence of a disease. Neithehostatic
intolerancenor orthostatic hypotensiois a diagnosis,

which is a decision about the cause of a specific case of
disease.

Orthostatic hypotension: a 20 point or
larger fall in blood pressure when a person
stands up from lying down.
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When a person stands up, this sets into motion an
important reflex called thiearoreflex.Thebaroreflex

helps to maintain the blood pressure. When a person
stands up, the force of gravity tends to pool blood in the
legs and lower abdomen. This decreases the return of
blood to the heart in the veins. The heart ejects less
blood.Baroreceptorsare tiny distortion receptors in the
walls of large vessels and in the heart muscle. When the
heart ejects less blood, information changes in nerves
traveling from theébaroreceptordo the brain. The brain
responds by directing an increase in the activity of the
sympathetic nervous systefmesympathetic nerves
releasenorepinephrineand thenorepinephrineactivates
receptorson cells in the blood vessel walls. This tightens
the blood vessels, and so the total resistance to blood
flow in the body increases. In other words, tibizl
peripheral resistance increasdsven though the total
amount of blood ejected by the heart per mirfoéediac
output)has decreased, the averégmod pressure
normally is maintained, due to the increasdotal
peripheral resistance.

You might understand tHearoreflexbetter by thinking

about the water pressure in a garden hose. The pressure is
determined by how much the faucet is turned on and how
much the nozzle is tightened. If you turned down the
faucet, the pressure in the hose would decrease, and less
water would come out the nozzle. If you wanted to keep
the pressure in the hose the same, you could tighten the
nozzle.



Faucet Faucet Tighten  Faucet
On On Nozzle On
Full Part Full

(D C) CD

Pressure

There are two ways to control the pressure
In a garden hose: the faucet and the nozZle.
There are two ways to control blood
pressure: cardiac output and total
peripheral resistance.
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Decreased Input from Decreased Restraint of
Baroreceptors the Sympathetic System

Sympathetic
Nervous System

I
Decreased Stretch of Increased Tightening of

Blood Vessels Blood Vessels

\—| Blood Pressure |4—/

A

Standing Up

]
Decreased Input from Decreased Restraint of
Baroreceptors the Sympathetic System
~_ v -
|quoreceptors| Sy etic
ous Sy
|

Decreased Stretch of Increased Tightening of

Blood Vessels Blood Vessels

\—| Blood Pressure |<—/

A

Standing Up

The baroreflex and sympathetic nervous
system must both work, for a person to
tolerate standing up.
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Baroreflexesontrol the amount of tightening of the

blood vessels. When a person stands up, the blood
vessels tighten reflexively, helping maintain the blood
pressure, and the main system responsible for tightening
the vascular nozzle is tlsympathetic nervous system.
This explains why failure of thgympathetic nervous
systemalways causesrthostatic hypotension.

In sympathetic nervous system failure, the
patient can’t tighten the “nozzle.”

\U

Doctors may have different opinions about the amount of
orthostatic hypotensiothat is clinically significant.
Normally the systolic pressure falls slightly during
standing up, because the heart is ejecting less blood, and
normally the diastolic pressure does not fall at all,
because of the reflexive constriction of blood vessels in
the body as a whole. In general, if gyestolic blood
pressurg(the peak pressure when the heart beats)
decreases by more than 20 millimeters of mercury and
the diastolic pressure decreases by more than 5
millimeters of mercury, then the patient leathostatic
hypotension

Orthostatic hypotension is a key signsgfnpathetic
neurocirculatory failure Any of several diseases can
produceorthostatic hypotensioftom sympathetic
neurocirculatory failure.



Sympathetic Neurocirculatory Failure

Sympathetic Denervation?

( \
Yes No

Central Neurodegeneration?

No Yes No Yes

| PAF | | Parkinson's | MSA

Anti-Nicotinic Receptor Ab?

Yes No

\
Autoimmune
Autonomic Failure .
?

Sympathetic neurocirculatory failure has
many potential causes.

These includg@ure autonomic failure (PAF), multiple
system atrophy (MSA), Parkinson’s disease, diffuse Lewy
body disease (DLBD), and autoimmune autonomic
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failure. In these diseases, orthostatic hypotension occurs
persistently and consistently.

There are other disorders where the patients cannot

tolerate prolonged standing, even though they do not
have persistent, consistanthostatic hypotensioi.hese
orthostatic intolerancesyndromes are discussed later.

Remember that neitherthostatic intoleranceor
orthostatic hypotensiois a disease. One is a symptom
(or set of symptoms) that a person has when standing.
The other is a sign that a doctor can measure.

Many factors besidesympathetic neurocirculatory
failure can caus@rthostatic hypotensiorProlonged bed
rest for virtually any reason can do this. Indeed, in the
American space program, a study of normal volunteers in
perfect health found that after prolonged bed rest with the
head slightly down, these healthy people often developed
orthostatic hypotensiort should not be surprising that
elderly, bedridden patients also routinely havhostatic
hypotensionOrthostatic hypotensiooan also result from
conditions that cause depletion of blood volume, such as
heavy menstrual periods or gastrointestinal hemorrhage
from a bleeding ulcer.

There are many causes of orthostatic
hypotension, besides sympathetic nervous
system failure.




Sympathetic Neurocirculatory Failure

/N

Always Sometimes
PAF Parkinson's Baroreflex
Failure
MSA

Neurocardiogenic
Syncope
(Fainting)

Failure of the sympathetic nervous system to
regulate blood pressure occurs in both
persistent diseases and occasional episoges.




What is
Orthostatic
Intolerance?

A major main waydysautonomiasause
problems is by producingrthostatic
intolerance.Remember that orthostatic
intolerance is based @ymptoms such as
dizziness or lightheadedness while standing.
Orthostatic intolerancés not asign,

because it isn’t something an observer can
measure objectively. And it isn’tdisease
(although there are many diseases that
produceorthostatic intolerance)l'he fact
that there are many possible causes of
orthostatic intoleranc@oses a challenge to
any doctor trying to come up with a
diagnosis to explainrthostatic intolerance
In a particular patient.



tolerate prolonged standing.

Patients with orthostatic intolerance can’t

Neurocardiogenic
POTS Syncope

Chronic Fatigue

About 60% of patients with Chronic Fatigl
Syndrome have Chronic Orthostatic
Intolerance, with Postural Tachycardia
Syndrome (POTS), Neurocardiogenic
Syncope, or both.
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Chronic Orthostatic Intolerance

Orthostatic Hypotension?
Abnormal Valsalva Blood Pressure?
1
T 1

Yes No
Tilt Tab!e! Test
| ' |
Sympathetic Neurocirculatory Failure No Syncope Syncope

I Tachycc;rdia? Tachycc;rdia?

1 I
| No Yes Yes No
| NS |

POTS | Neurocardiogenic Syncope

One approach in the diagnosis of chronic
orthostatic intolerance is based on whether
the patient has a fall in blood pressure

during standing (orthostatic hypotension).

Patients withChronic Fatigue Syndromaften have
orthostatic intoleranceThe orthostatic intolerancean
be associated withostural tachycardia syndrome
(POTS),neurocardiogenic syncoper both.

A starting point in identifying a cause ofthostatic
intoleranceis to determine whether the patient has failure
of thesympathetic nervous systéoregulate the heart

and blood vessels correctly. We call tysnpathetic
neurocirculatory failure In dysautonomiaghat produce
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Chronic Orthostatic Intolerance
|

Orthostatic Hypotension?
Abnormal Valsalva Blood Pressure?
!
T 1

Yes No
Tilt Table Test

Sympathetic Neurocirculatory Failure No Syncope Syncope
1 1
I Tachycardia? Tachycardia?
| No Yes Yes No
POTS | Neurocardiogenic Syncope

|
I

Doctors often do tilt table testing in patients
who cannot tolerate standing (orthostatic
intolerance) and do not have a fall in blood
pressure during standing (orthostatic
hypotension).

chronicsympathetic neurocirculatory failuréhe patient
always has a fall in blood pressure during standing, or
orthostatic hypotension

In other forms othronic orthostatic intolerancehe

person does not haggmpathetic neurocirculatory

failure, and the blood pressure does not fall consistently
when the person stands up (although the person can have
delayedorthostatic hypotensioafter many minutes of
standing). Instead, the person feels dizzy or lightheaded
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during standing, even while the blood pressure is
maintained Orthostatic hypotensiooan produce
orthostatic intolerancebutorthostatic intolerancean
occur withoutorthostatic hypotension.

In the evaluation of a patient withronic orthostatic
intolerance where the patient does not have evidence of
sympathetic neurocirculatory failurdpctors often
prescribe dilt table test.The chapter about testing for
dysautonomiasliscusses thalt table test.In general,

there are two types of posititi table testresult. If the
patient has an excessive, progressively more severe
increase in pulse rate during the tilting, then this would
be consistent witpostural tachycardia syndromer
POTS.If the patient has a decrease in the level of
consciousness and finally loses conscious(s®gsxope),
then this would be consistent witleurocardiogenic
syncopeThe loss of consciousness is virtually always
associated with a fall in blood pressureneurally

mediated hypotensioA tilt table test can also yield

results consistent with botPOTSandneurocardiogenic
syncopesuch as when the patient has a large increase in
pulse rate, followed by a sudden fall in pulse rate back to
normal,neurally mediated hypotensicamdsyncope.

Once a diagnosis 6fOTSis made, the workup may
continue, to determine if the rapid pulse is part of a
primary problem or is part of a compensation. The
section abouPOTSdiscusses this workup.
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In patients witmeurocardiogenic syncopthe

sympathetic nervous systeamfail to work correctly

only once in a while, in episodes, and in these episodes a
person can feel faint or actually lose consciousness. A
common form oflysautonomiavhere thesympathetic
nervous systerails episodically is irfainting, which

also has been callegkurally mediated syncope,
neurocardiogenic syncoper thecommon faintlt is
important to recognize that between episodes of fainting,
patients with repeated episodesefirocardiogenic
syncopeoften do not feel well. In fact, they can complain
of the same non-specific symptoms that patients with
POTSdescribe, such as fatigue, heat intolerance,
headache, exercise intolerance, arttlostatic

intolerance.

The sympathetic nervous system fails when
people faint.

Much less commonlygrthostatic intoleranceeflects
failure of thebaroreflex In this situation, theympathetic
nervous systens not activated appropriately in response
to a decrease in blood pressure or in response to a
decrease inenous returrio the heart. Seemingly
paradoxically baroreflex failuredoes not necessarily
causeorthostatic hypotensiomut it does always cause
large swings in blood pressure, both high and low,
because of the inability of theroreflexto keep the

blood pressure within limits.
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Decreased
Catecholamine
Effects in the

Heart

Baroreflex
Failure

Neurocardiogenic
Syncope
(Fainting)

Increased
Catecholamine
Effects in the
Heart (POTS)

Secondary Primary
Medication Panic
Dehydration Hyperdyn. Circ.

Dec. Blood Volume

Dec. Renin System

Hyperinnervation

Adrenomedullary

Extravasation NET Defic.
Neuropathic POTS  Etc.
Adrenocortical

Baro. Failure

Etc.

Orthostatic intolerance can be associated
with increased or decreased effects of
adrenaline-like chemicals in the heart.
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Pure Autonomic
Failure

This and the following sections describe several specific
dysautonomiaslhe description is not meant to be
exhaustive, and individual patients can have symptoms or
signs that overlap.

Pure Autonomic Failure (PAF)
e Mid-aged or elderly of either sex and
any race
e Chronic, persistent fall in blood pressure
during standing up
e No signs of brain disease
e Not inherited or infectious
e Can go one for many years

Pure autonomic failure (PARgatures persistent falls in
blood pressure when the patient stands—orthostatic
hypotension—in the absence of signs of central nervous
system disease and in the absence of other known causes
of orthostatic hypotension. Tlugthostatic hypotension
results fromsympathetic neurocirculatory failure.
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Pure autonomic failurewhile chronic and causing
disability, is not thought to be lethal.

Patients report progressively worsening dizziness
standing up or after a large meal. Often they have
decreased sweating. Because of sevdt®static
hypotension, pure autonomic failupatients often learn
to sit or stand with their legs twisted pretzel-like, since
this decreases pooling of blood in the legs. In men,
impotence can be an early symptom.

In patients with pure autonomic failurklood pressure
responses to théalsalva maneuveshow the abnormal
pattern that indicatesympathetic neurocirculatory
failure. TheValsalva maneuvas discussed in the
chapter about tests fdysautonomias.

The sympathetic neurocirculatory failundorthostatic
hypotensionn pure autonomic failure typically result
from loss ofsympathetic nerve terminals.

Drug tests can confirm a diagnosispoire autonomic
failure. Because of the loss sympathetic nerve
terminals,drugs that releasrepinephrindrom
sympathetic nervesuch ayohimbineamphetamine,
andephedrineproduce relatively small increases in
blood pressureln contrast, drugs that directly stimulate
norepinephringeceptors, such asidodrineand
phenylephrindNeo-Synephrine™) constrict blood
vessels and increabdood pressure
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Because of the phenomenont‘dénervation

supersensitivity,' wherereceptorsfor norepinephrine
increase and other adaptive processes probably occur that
exaggerate constriction of blood vessels, patients with
pure autonomic failurean have surprisingly large

increases in blood pressure in response to the receptor-
stimulating drugs.

As a result of loss of sympathetic nerve terminals, plasma
norepinephrindevels typically are low ifPAF, even

with the patient lying down, and the levels fail to increase
when the patient stands. In response to the above drugs,
plasma norepinephrine levdisil to change as much as
expected.

Another way to identiffPAF is fromsympathetic
neuroimagingln this type of test, the patient receives an
injection of a radioactive drug that gets taken up by
sympathetic nerve terminalShesympathetic nervas
organs such as the heart become radioactive, and the
nerves can be visualized by scans that detect where the
radioactivity is, in a manner similar to commonly used
clinical tests such as bone scans or brain scans. Since in
PAF thesympathetic nerve terminalsually are absent

in the organs, scanning after injection of one of these
drugs fails to visualize the sympathatioervation.
Sympathetic neuroimagirigsts such aguorodopamine
PET scanning of the chest usually produce remarkably
graphic results i?AF, with a failure to visualize the

heart walls at all.



No one knows what causpare autonomic failurelt is
not inherited, and no known environmental toxin causes
it.

Treatment opure autonomic failurés directed mainly at
theorthostatic hypotensionyhich virtually always is
severe and disablingludrocortisone a high salt diet,
andpotassiunsupplementation are the mainstays of
treatment. Clinicians usually recommend elevation of the
head of the bed. Body stockings may or may not help.
The patient should not take large meals, because this may
cause thélood pressuréo decrease. Drugs that release
norepinephrindrom sympathetic nervesuch as
ephedrine, Ritalin™or yohimbinemay not work,

because of the lack of nerve terminals, whereas drugs
that artificially stimulateeceptorsfor norepinephrine,

such asnidodrine,can be very effective.



Heart Muscle

Blood Flow
PET Scan

Sympathetic Nerve
PET Scan

Patients with Pure Autonomic Failure
typically have a loss of sympathetic nerves
In the heart muscle.




Multiple System
Atrophy

Multiple system atrophy (“MSA”)s a disease that

involves progressive degeneration of multiple portions of
the nervous system, including portions that regulate the
autonomic nervous syste®everal unconscious
“vegetative” functions fail, such as digestion, urination,
speech and swallowing mechanisms, and cardiovascular
reflexes. Unlikepure autonomic failureyiSAis

unfortunately a disease that is progressive and eventually
lethal. On average, patients survive for about a half dozen
years after the diagnosis is maltSAdiffers from

multiple sclerosiswhich is characterized clinically by
remissions and exacerbations and by relatively few
changes in functions of tleitonomic nervous system.

Multiple System Atrophy (MSA)
e Mid-aged or elderly of either sex and
any race
e Not inherited or infectious
e Chronic, persistent autonomic failure
e Signs of brain disease, such as slurreg
speech, rigidity, tremor, poor coordination
e Relentless progression over years

| -
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No one knows what caus®tSA It is not inherited, and

no known environmental toxin causes it. According to
one view,MSAresults from a form chuto-immune
process, where the patient’s immune system attacks and
destroys particular brain cells.

MSAhas different forms, which result in somewhat
different symptoms and signs. In tharkinsonianform

of MSA(MSAp) the patient has symptoms and signs of
Parkinson’s diseasesuch as shakiness of the hands
(tremor) that is most prominent at rest and decreases with
intentional movements, muscular rigidity, and slow
initiation of movement. Unlike in Parkinson’s disease,
these problems usually do not respond well to treatment
with Sinemet™, the most commonly used drug for
Parkinson’s disease.

In thecerebellarform of MSA(MSAc) the patient has
symptoms and signs of failure of tberebellumwhich

Is a part of the brain that plays an important role in
coordinated movements, coherent speech, balance, and
accurate gait. If the patient hagr@mor, it worsens with
intentional movements. The typical patient also has
slurred speech and a wide-based, “drunken sailor” type
gait.

In themixedform of MSA(MSA,) the patient has a
mixture ofparkinsonianandcerebellarsymptoms and
signs.

MSAalways involves one or more symptoms or signs of
failure of theautonomic nervous systefrailure of the
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parasympathetic nervous systpnoducesirinary
retentionandincontinencegonstipation erectile
impotenceanddecreased salivatioriailure of the
sympathetic nervous syst@moduces a fall illood
pressurewhen the patient stands (grthostatic
hypotensionpr after a megpost-prandial hypotension),
resulting in symptoms such as dizziness, weakness, or
faintness upon standing or after eating.

MSAwith failure of sympathetic reflex¢sympathetic
neurocirculatory failure)s also known as th&hy-
Drager syndromeThe most clear sign afympathetic
neurocirculatory failures orthostatic hypotension.

MSA with a fall in blood pressure standing
Is also called the Shy-Drager syndrome.

\ 4

Some investigators have equald8Awith theShy-

Drager syndromeOthers have considerdtiSAas an
umbrella diagnosis that includes tBbey-Drager
syndromewvhenorthostatic hypotensiofigures
prominently in the clinical presentation but also includes
forms where signs aferebellar atrophyor of

Parkinson’s diseasstand out. A recent proposal has
recommended discarding using Siey-Drager syndrome
as a diagnosis.

Based on clinical findings and resultsaaftonomic
function testingwe have proposed a somewhat different
classification scheme that distinguisihSAwith
predominantlyparasympathetior otherbrainstem
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degeneratiorfrom MSAwith predominantlysympathetic
degeneration, so that tisdy-Drager syndromis
synonymous wittMSAandsympathetic neurocirculatory
failure.

Symptoms and signs phrasympathetidegeneration
include constipation and decreased urinary bladder tone,
resulting in urinary incontinence, frequency, urgency,
and the need for self-catheterization. Symptoms and
signs of other brainstem degeneration include particular
abnormalities in eye movemergtprogressive
supranuclear palsy”)slurred speech, dyscoordinated
swallowing, abnormal breathing, and repeatspliration,
where swallowed food goes into the airway. These
problems can occur in patients witSAwho do not
haveorthostatic hypotensioar other evidence of failure
of thesympathetic nervous system.

In MSA, it is thought that thautonomic failureeflects

loss of the ability to regulatgympathetiand
parasympathetic nerve traffto thenerve terminalsbut

the terminals themselves are intact. This appears to be a
major difference betweddSAand the usual form of

pure autonomic failurewhere theautonomic failure
includes a loss dfympathetic nerve terminaBecause

of the presence of intasympathetic nerve terminals,
patients withMSAhave increases in blood pressure when
they receive drugs such wshimbinethat release
norepinephrindrom sympathetic nerve terminals and
have decreases in blood pressure when they receive drugs
such agrimethapharthat decrease release of
norepinephrindrom sympathetic nerve terminals.
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The fact thatrimethaphanwhich works by blocking
transmission of autonomic nerve impulses ingaeglia,
decreases blood pressure in patients Mi8BAmeans that
in MSAthe problem is not so much decreagatbnomic
nerve trafficas failure of the brain to regulate that traffic
appropriately.

The widely used dietary supplement or herbal remedy,
ma huangjs ephedrinewhich releasesorepinephrine
from sympathetic nerve terminalSince patients with
MSA and sympathetic neurocirculatory failurave
intactsympathetic nerve terminalsnd they also have
failure of the brain to regulasympathetic nerve traffic
appropriately vidaroreflexestakingma huangcan

evoke a dangerous increase in blood pressure in these
patients.

Patients withtMSAappear to have approximately normal
sympathetic nerve traffio intactsympathetic nerve
terminalswhen they are lying down, and so while they
are lying down they usually have nornpéhsmalevels
norepinephringthe chemical messenger of the
sympathetic nervous systehie patients often have a
failure to increaseympathetic nerve traffiwhen they
stand up, and so they have a failure to increase plasma
norepinephrindevels normally when they stand up. In
contrast, patients withure autonomic failurewho have

a loss ofsympathetic nerve terminalssually have low
plasmanorepinephrindevels even when they are lying
down.
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Another way to distinguisMSAfrom pure autonomic
failure is fromsympathetic neuroimaginén this type of
test, the patient receives an injection of a radioactive drug
that gets taken up Isympathetic nerve terminalShe
sympathetic nervaa organs such as the heart become
radioactive, and the nerves can be visualized by scans
that detect where the radioactivity is, in a manner similar
to commonly used clinical tests such as bone scans or
brain scans. Since MSAthesympathetic nerve
terminalsare present in the organs, scanning after
injection of one of these drugs visualizes the sympathetic
innervation.In contrast, irpure autonomic failur¢and

in Parkinson’s diseasdaliscussed elsewhere), where the
sympathetic nerve terminagpically are lost,

sympathetic neuroimagirfgils to visualize the
sympathetiénnervationof the heart.

The parkinsonian form of MSA can be
difficult to distinguish from Parkinson’s
disease.

Distinguishing thearkinsonianform of MSA(MSAp)

from Parkinson'’s diseaswith autonomic failurecan be

a difficult diagnostic challenge. As mentioned above, one
way to distinguish these diseases is freympathetic
neuroimagingsince patients witMSAhave normal
sympathetiénnervationof the heart, and patients with
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Heart Muscle

Blood Flow
PET Scan

Sympathetic Nerve
PET Scan (Normal)

MSA patients have normal sympathetic
nerves in the heart muscle.
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Parkinson’s disease and orthostatic hypotensiave a
loss of sympathetimnervationof the heart.

Treatment oMSAIis directed at the symptoms and signs,
such asrthostatic hypotensiorand does not prevent or
delay the progressive deterioration of the nervous system.

Because of steadily worsening difficulty with
coordination of speech and swallowing mechanisms,
patients with MSA have a high risk aépiration,
aspiration pneumonia, bloodstream infection, or sudden
death from stopped breathing.
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Parkinson's Disease
with Orthostatic
Hypotension

Orthostatic hypotensiorg fall in blood pressure when
the patient stands up, occurs fairly commonly in

Parkinson’s diseasd\eurologists have presumed that the

orthostatic hypotensioresults from treatment with
levodopaor else the patient doesn’t really have

Parkinson’s diseasbut has a different disease, such as

“striatonigral degeneration”or multiple system atrophy.

Parkinson’s Disease with Orthostatic
Hypotension

e Elderly of either sex and any race
e Signs of Parkinson’s disease, such as
slow movements, rigidity, tremor
e Movement problem improves with
Sinemet™ (DOPA+carbidopa)
e Chronic, persistent fall in blood pressu
standing
e Can be inherited
e Slow progression over years
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Evidence is accumulating that all patients with
Parkinson’s diseasandorthostatic hypotensiereven
patients offlevodopaor never treated with
levodopa—have failure of regulation of the heart and
blood vessels by theympathetic nervous systdmother
words, inParkinson’s diseas@rthostatic hypotension
reflectssympathetic neurocirculatory failur@nd is
therefore a form oflysautonomia.

Patients with Parkinson’s disease and a fall
in blood pressure when they stand up have a
form of dysautonomia.

In patients withParkinson’s diseasandorthostatic
hypotensionthesympathetic neurocirculatory failure
appears to result from loss ®fmpathetic nerve

terminalsin the body as a whole. Because of the
sympathetic denervatiothere is a decreased amount of
norepinephrineavailable for release in response to
standing up, and failure to release an adequate amount of
norepinephrineexplains therthostatic hypotensioim
Parkinson’s disease.

Many patients with Parkinson’s disease who
do not have a fall in blood pressure when
they stand up still have a loss of sympathgtic
nerves in the heart.
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Heart Muscle

Blood Flow
PET Scan

Sympathetic Nerve
PET Scan

Patients with Parkinson’s disease often have
a loss of sympathetic nerves in the heart
muscle.

Surprisingly, most patients witharkinson’s disease/ho
do not haverthostatic hypotensionevertheless have
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neuroimagingevidence for a loss afympathetic nerve
supplyin the heartParkinson’s diseastherefore appears
to be not only a disease of control of movement but also
is a dysautonomighecause of the loss sympathetic

nerve terminals.

Pure autonomic failuralso featuresrthostatic
hypotensiorfrom loss ofsympathetic nerve terminals.
Some elderly patients witbure autonomic failurédave
subtle signs oparkinsonismsuch as a mask-like facial
expression and a type of stiffness of musdkese
autonomic failurecan be difficult to distinguish from
early or mildParkinson’s diseasm these patients.

The long-term outlook iParkinson’s diseaswith
orthostatic hypotensioftom sympathetic
neurocirculatory failureseems about the same as in
Parkinson’s disease withootthostatic hypotensiofihe
orthostatic hypotensiodoes not appear to worsen with
levodopatreatment, although the blood pressure both
while lying down and when standing up can decrease.

The functional significance of loss sympathetic
innervationof the heart ilParkinson’s diseaseemains
unknown. One would presume that this would cause or
contribute to an inability to tolerate exercise.

Treatments used fétarkinson’s diseaswith orthostatic
hypotensiorfrom sympathetic neurocirculatory failure
include Florinef™ and a high salt diet, midodrine,
frequent small meals and avoidance of large meals, and
elevation of the head of the bed on blocks at night.
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Treatments that depend on releaseagpinephrine
from sympathetic nerve terminalsych agphedrine, d-
amphetamine, methylphenidadéadyohimbinemay not
work, because of the loss of the nerve terminals.

Patients with Parkinson’s disease also often complain of
constipation and urinary retention, urgency, and
incontinence. These might reflect a form of failure of the
parasympathetic nervous system; however, whether this
Is the case remains poorly understood. Failure of the
parasympathetic nervous system supply to the heart
appears to cause the constant pulse rate seen in most
patients with Parkinson’s disease and orthostatic
hypotension; however, whether this reflects a loss of
parasympathetic nerve terminals or a problem in
regulating parasympathetic nerve traffic to intact
terminals remains unknown.



Postural
Tachycardia

Syndrome (POTS)

Patients with th@ostural tachycardia syndrome
(postural orthostatic tachycardia syndrome, POTh&Yye
an excessive increase in pulse rate during standing.

POTS patients have too rapid a pulse ratg
when they stand, and usually several othe
non-specific problems.

U \Y %4

That being said, it should be pointed out at the beginning
of this discussion that different research groups have
different views about the classification of
dysautonomiasand especially abotOTSandchronic
orthostatic intoleranceJust having a fast pulse rate while
standing would not necessarily be harmful and cannot be
asyndromeywhich always involves more than a single
symptom or sign

POTSis associated with a variety of other symptoms
that, when thought of individually, are not specific for
any particular disease process. These include inability to
tolerate prolonged standing, a tendency to faint, chest
pain, cool, sweaty extremities, migraine-like headache,
pain in the back of the neck or shoulders, heat
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Postural Tachycardia Syndrome

Secondary Primary
| MoNsOuton |
| Hyperdynamic Clirc_ Syndr. |
Low Central Blozid Volume? | Bilat. Adrenomedl_ Hyperplas. |
/\;/a Y@;s | Cardiac Hyper{Lnervot[on |
e B e
| BaroreflexlFailure |
| Neuropath!c POTS | | Dehydration |
|
La»Hypoadrenergic State J | Blood Loss |

VYRenin System

[ WAdrenocortical Actiity |
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POTS has many potential causes.

intolerance, chronic fatigue, exercise intolerance,
shortness of breath on exertion, and panic/anxiety. At
least some of these symptoms are thought to reflect
increased effects of tfeatecholamines, norepinephrine
(noradrenaline)or epinephrine (adrenaline)n the heart,
from overactivity of thesympathetic nervous system
adrenomedullary hormonal systean,both.
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Most cases occur in relatively young (14-45 years old)
women (female:male ratio about 5:1).

Postural Tachycardia Syndrome (POTS)
e Mainly young adult women
e Too rapid pulse rate during standing
e Several non-specific associated
problems (inability to tolerate prolonged
standing, fatigue, faintness, chest pain, heart
“flip-flops,” heat intolerance, exercise
Intolerance, tendency to panic)
e Variable outlook, can improve
e Not life-threatening

Some investigators vieROTSas synonymous with

chronic orthostatic intoleranceés discussed later, the
condition has features also suggestivaygerdynamic
circulation syndromer “neurasthenid The many terms
that have been used probably reflect different emphases
by different research groups and large gaps in knowledge
about the underlying mechanisms in individual patients.

Theorthostatic tachycardiaisually occurs without
orthostatic hypotensioff.he finding oforthostatic
hypotensiordoes not exclude a diagnosis of POTS,
however, andlelayed orthostatic hypotensican occur
in this condition.
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POTS is a syndrome, not a single diseast
and can have any of several causes.

U

Most postural tachycardias secondary to identifiable
problems, such as side effects of medications or
dehydration from chronic illness. When the cause is not
readily identified, and the patient has other complaints
discussed below, then the patient is thought to have
postural tachycardia syndromer POTS.

The occurrence of a rapid pulse rate when a person
stands is necessary but is not sufficient to diagnose
POTS.The key word irpostural tachycardia syndrome
the word,“syndrome.” A syndromas a set of symptoms
that occur together. Patients wRI©OTSnot only have a
rapid pulse rate when they stand up, they also have
several other symptoms, suchoaghostatic intolerance,
chronic fatigue, heat intolerance, exercise intolerance,
headache, chest pain, palpitations, neuropsychological
complaints such as disturbed sleep, anxiety, or
depression, and disability.

Trying to identify a specific cause in a particular patient
with POTScan be a great challenge to clinicians. There
are probably as many causes of a fast pulse rate as there
are of a fever, and all the symptom$P@TSare not

specific for any single disease.

Researchers have thought that usually @S,
sympathetic nerviaffic to the heart is increased as a
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compensation. The compensation could be for a decrease
in the amount of blood returning to the heart or a
decrease in thiotal peripheral resistanct blood flow

when the patient stands up. Either situation could alter
information from theébaroreceptorgo the brain, leading

to a reflexive increase sympathetic nervous system
activity directed by the brain.

Low Blood Volume

There are many causes for a decrease in the amount of
blood returning to the heart when a patient is standing.
The possibility oblood volumedepletion or excessive
pooling of blood in the legs during standing up has drawn
particular attention. Indeed, lolood volumavas noted

in the first case report 6fOTS,and the response, at least
in the short run, to infusetbrmal salinecan be

dramatic.

Low blood volumen turn can result from blood loss,

from failure of the bone marrow to make an adequate
number of red blood cells, or from failure of hormone
systemssuch as theenin-angiotensin-aldosterone
system. In addition, blood volume can fall while a person
stands, due to leakage of fluid out of the blood vessels
into the tissuegextravasation)Finally, an “effective”

low blood volume can occur, when the blood pools
excessively in the veins after a person stands, such as
because of a lack of muscular “tone” in the vein walls.
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Delayed orthostatic hypotensiamPOTSis also thought
to result from a progressive, exaggerated declifdoind
volumeduring prolonged standing, from leakage of fluid
into the tissues through blood vessel walls
(extravasation)Consistent with excessive blood pooling
in the legs or lower abdomen duriaghostasis inflation
of amilitary antishock trousers (MAST) sugduces
substantially the increase in heart rate in response to
orthostasign patients witiPOTS.

Neuropathic POTS

In partial dysautonomiagr neuropathic POTShere is
thought to be a patchy loss of sympathetiervation

such as in the leg®¥hen the patient stands up, the blood
pools in the veins of the legs, and less blood returns to
the heart, or else the arterioles fail to constrict, and the
total resistance to blood flow decreases. In response to
either or both of these abnormalities, siyenpathetic
nervous systersupply to the heart would be stimulated
reflexively.

There are other possible causes of decretasald
peripheral resistancéhat might reflexively increase
sympathetic nervous systaéraffic to the heart. For
instance, any of several drugs blaekeptorsfor
norepinephringn blood vessel walls, and other drugs
directly relax blood vessel walls.
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Brain Brain

Baroreceptors Baroreceptors ‘
Sympathetic Nerves Sympathetic Nerves
N EART W HEART
Norepinephrine Norepinephrine
Heart Rate Heart Rate +
p Stroke Stroke
Aldosterone Volume Volume <—Aldosterone
Norepinephrine Norepinephrine
\_ Total \__ Total +
Angiotensin || +—> Peripheral Peripheral <—Angiotensin Il
Resistance Resistance

NORMAL  DEHYDRATION
or

BLOOD LOss

Dehydration, blood loss, or other causes of
decreased blood volume can produce a
condition that looks like POTS.
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r—> Brain Brain
Baroreceptors Baroreceptors ‘
\J
Sympathetic Nerves Sympathetic Nerves
NEART '\ HEART
Norepinephrine Norepinephrine
Heart Rate Heart Rate
Aldosterone p Stroke Stroke <4— — Aldosterone
Volume Volume
Norepinephrine Norepinephrine
+ \— Total \_.. Total
Angiotensin | — Peripheral Peripheral <= — — Angiotensin Il
Resistance Resistance
NORMAL RENIN-
ANGIOTENSIN-
ALDOSTERONE
SYSTEM
DEFICIENCY

POTS can result from failure of a key syst
regulating salt balance and blood volume
the body, called the renin-angiotensin-
aldosterone system.
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Baroreceptors i Baroreceptors

Sympathetic Nerves Sympathetic Nerves
N EART W HEART
Norepinephrine Norepinephrine
Heart Rate Heart Rate
Stroke Volume Stroke Volume
|
 / |
Norepinephrine Norepinephrine
\—_ Total \_ Total
Peripheral Peripheral
Resistance Resistance

NORMAL NEUROPATHIC
POTs

In “neuropathic POTS,” sympathetic nerves
to the heart are thought to be overactive, @s
a compensation for loss of sympathetic
nerves elsewhere.
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r-» Brain r—> Brain

Baroreceptors l Baroreceptors i

Sympathetic Nerves Sympathetic Nerves
N\ HEART \(HEART
Norepinephrine Norepinephrine
Heart Rate Heart Rate
Stroke Volume Stroke Volume
Norepinephrine Norepinephrine
\__ Total \—
Peripheral T_Otal
Resistance Penpher’al
Resistance

NORMAL NOREPINEPHRINE
TRANSPORTER
DEFICIENCY

Rarely, POTS can result from failure to
inactivate norepinephrine, a key chemical
messenger of nerves in the heart.
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In rare patients, POTS results from deficiency ofdabié
membrane norepinephrine transporter,NET.

Hyperadrenergic Orthostatic
Intolerance

In hyperadrenergic orthostatic intolerandde problem
Is thought to be primary abnormality in the functioning
or regulation of th@autonomic nervous systetself.

For instance, imcute baroreflex failurethebrain does

not respond appropriately to information from the
cardiovascular system, and thanpathetic nervous
systemis activated inappropriately. bcute baroreflex
failure, orthostatic intolerancées associated with large
swings in blood pressure, because of the inability of the
baroreflexedo keep the blood pressure in check, with
episodes of extreme high blood pressure and fast pulse
rate. Because of this failure, relatively minor stimuli can
produce large increases in the activity ofsmpathetic
nervous system.

Another cause dfiyperadrenergic orthostatic intolerance
is decreased function of ticell membrane
norepinephrine transporteglso calledNET deficiency.
Thecell membrane norepinephrine transporpdays a

key role in inactivatingnorepinephrineNormally, most

of thenorepinephringeleased fronsympathetic nerve
terminalsis “recycled,” by being taken back up into the
nerve terminals. When theansporteris underactive,
morenorepinephrinas delivered to itseceptorsin the
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heart and blood vessel walls for a given amount of
norepinephrine releas@roducing an exaggerated
increase in pulse rate and blood pressure in situations
where thesympathetic nervous systéactivated.

In a related syndrome, called thgperdynamic

circulation syndromethe patients have a fast pulse rate
all the time, variable high blood pressure, increased heart
rate responses to the drugpproterenol and increased
plasmanorepinephrineandepinephrindevels at rest and
during provocative maneuvefsAdrenoceptor blockers
such adnderal™ or benzodiazepinesuch ad/alium™
improve the syndrome. It is unclear whether patients with
this syndrome have an increased frequency of later
development of establishégpertensionEpisodes of

fast pulse rate and increased blood pressure can be
associated with blotchy flushing of the face, neck, and
upper chest.

“Neurastheniaa term introduced in the late 1860s.
refers to a syndrome initially described in Civil War
soldiers. Also calledeurocirculatory asthenighe
syndrome consists of a large number of symptoms,
including breathlessnegsalpitations,chest pain,
dizziness, shortness of breath on exertion, fatigue,
excessive sweating, trembling, flushing, dry mouth,
numbness and tingling feelings, irritability, and exercise
intolerance.

Most modern research abméurocirculatory asthenia
has been conducted in Russia. Western cardiovascular
researchers rarely use this term. The symptoms resemble
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those iNPOTS,and as ilPOTS the multiplicity of
symptoms contrasts with a relative lack of signs, which
all are non-specific—relatively fast pulse rate, relatively
rapid breathing, facial and neck flushing, sligletmor,
sweaty palms, a “functional” heart murmur, and
hyperactive kneejerk reflexes, with generally normal
resting blood pressure. Just a®@TSor the
hyperdynamic circulation syndrome,neurasthenia
injections ofadrenalinecan evoke these symptonfs.
Adrenoceptor blockersften normalize the
cardiovascular findings without affecting the other
symptoms and signs. Drugs suctcaffeinecan evoke
fast pulse rate, increased ventilation, tremor, and
sweatiness in patients witteurocirculatory asthenia.

In another related conditiomappropriate sinus
tachycardiathe heart rate is increased to 100 beats per
minute or more, even under resting conditions.
Radiofrequency ablatioaf thesinus nodethe heart’'s
pacemaker area, is considered for patients with
inappropriate sinus tachycardiaho are resistant to
treatment with medications.
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Baroreceptors Baroreceptors ‘
\j
Sympathetic Nerves Sympathetic Nerves
N EART W, HEART
Norepinephrine Norepinephrine
Heart Rate Heart Rate
Stroke Volume Stroke Volume
Norepinephrine Norepinephrine
\_ Total e
Peripheral T_Otal
Resistance Peri pheral
Resistance
NORMAL ACUTE
BAROREFLEX
FAILURE

Failure of the baroreflex can produce a
condition that looks like POTS.
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Brain Brain

Baroreceptors l Baroreceptors ‘

Sympathetic Nerves Sympathetic Nerves
\HEART \HEART
Norepinephrine Norepinephrine
Heart Rate Heart Rate
Stroke Volume Stroke Volume

\j \

Norepinephrine Norepinephrine
\__ Total \__ Total
Peripheral Peripheral
Resistance Resistance

NORMAL HYPERDYNAMIC
CIRCULATION
SYNDROME

The hyperdynamic circulation syndrome ¢

cause POTS.
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As discussed below, tHOTSsyndromes differ from
neurocardiogenic syncogeeurally mediated syncope),

in that patients witlmeurocardiogenic syncogeve
inhibition, rather than stimulation, of tisgmpathetic
nervous systenat least during acute episodes.

Patients witlPOTSoften have increased plasma levels of
norepinephrinethe chemical messenger of the
sympathetic nervous system, especially when they are
standing up. Indeed, according to one suggestion, criteria
for diagnosingchronic orthostatic intolerancanclude an
upright plasmanorepinephrindevel of 600 pg/ml or

more; however, whether increased sympathetic nervous
outflows constitute a primary abnormality or
compensatory response usually is unknown in an
individual patient.

In general, one would predict that if thehostatic
tachycardiawere primary, then treating it would help the
patient, but if therthostatic tachycardiavere

secondary, then treating the problem would not help the
patient. Keeping this principle in mind can help to
understand how one patient may feel better from
treatment with a beta-blocker, which forces the pulse rate
to go down, while another may not feel better at all, even
though the pulse rate has decreased to the same extent.

Treatment of POTS should be tailored to the
individual patient.

The first step in managementafronic orthostatic
intoleranceis to search carefully for common, reversible
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causes, such akabetesweight loss, prolonged bed rest,
debilitating diseases, and medications.

Medical treatments fdPOTSgenerally have attempted to
increaseblood volumesuch as using Florinef™ and
liberal salt and water intake, injectionsesf/thropoietin,

or infusions of saline intravenously; block fast pulse
rates, such as usifigadrenoceptor blocke® sinus

node ablationgdecrease exaggeratedrepinephrine
release, such as usiolpnidine,a-methylDOPAor
moxonidine;or enhanceasoconstrictionsuch as using
midodrine, ergotamineyr octreotide.Other treatments
include venous compression hose, calf muscle resistance
training, exercise training, or even insertion of a
pacemaker.

Often these treatments, while helpful, do not bring the
patients back to a sense of normal health. Over the course
of months or even years, the patients can improve, or else
they learn to cope with a chronic, debilitating, but not
life-threatening disorder.
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Neurocardiogenic
Syncope

Syncopes sudden loss of consciousness
associated with loss of muscle tone and
the regaining of consciousness within a

few minutes.

Syncope is sudden loss of consciousness
(you black out) that is associated with los
of muscle tone (you go limp) and reverses
rapidly (you wake up within minutes.)

vr—U)

Neurocardiogenic syncopwhich is also called

vasovagal syncope, vasodepressor synaopaally
mediated syncopand thecommon faintis by far the

most common cause of sudden loss of consciousness in
the general population.

In neurocardiogenic presyncopie patient feels like he
or she will faint but does not actually lose consciousness.

Most patients with frequent episodes of
neurocardiogenic syncopecognize early signs of
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fainting coming on and are usually able to abort the
episode beforgyncopeactually occurs.

Neurocardiogenic syncops most common in young
adult women and in children.

Neurocardiogenic syncope is fainting.
Neurocardiogenic presyncope is near-
fainting but without actual loss of
consciousness.

In mid-aged or elderly adultsyncopas more likely to

be a sign of a heart problem (abnormal heart rhythm,
abnormal conduction of electrical impulses in the heart,
or heart valve problem) arthostatic hypotensiornn
patients where neurocardiogenic syncope is a frequent
problem, even between episodes the patients often feel
unwell, with an inability to tolerate prolonged standing,
chronic fatigue, headache, and chest pain.

Neurocardiogenic syncopmn resemblPOTS.Both
disorders mainly involve young adult women, (although

in childrenneurocardiogenic syncopraay be more

common thaPOTS),and both are associated with

inability to tolerate prolonged standing, chronic fatigue,
headache, and chest pain (altho&ghl Smay more
commonly involve symptoms about multiple body
systems). In both conditions the patients have a tendency
to near-fainting or fainting spells, especially while
standing Neurocardiogenic syncopoes appear to differ
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from POTS,in thatneurocardiogenic syncopoes not
feature a fast pulse rate.

Neurocardiogenic Syncope
e Mainly young adult women or children
e Normal pulse rate during standing
e Can be associated with several non-
specific associated problems (inability to
tolerate prolonged standing, heat
Intolerance, fatigue, chest pain, heart “flipr
flops,” exercise intolerance)
e Variable outlook, can improve
e Not life-threatening

Tilt-table testingcan provoke a sudden fall in blood
pressure, calledeurally mediated hypotensian,

patients withPOTSor neurocardiogenic syncope.
Regardless of the diagnosis, acusirally mediated
syncopeanay have the same mechanism. According to
one proposal, the mechanism is from marked decreases in
sympathetic nervous systemutflow to the skeletal
muscle in the limbs and probably several body organs,
combined with increases adrenomedullary hormonal
systenoutflow and therefore high plasmdrenaline
(epinephrine)evels.

The combination of loss a&lympathetic vasoconstrictor
toneandepinephrine (adrenalinenduced relaxation of
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blood vessels in skeletal muscle could decrgaseular
resistancan skeletal muscle and in the body as a whole.
It has been suggested that this combination explains the
decreasetbtal peripheral resistanceyithout a
compensatory increase in the ejection of blood by the
heart, thecardiac outputThis combination characterizes
neurocardiogenic syncopBecause of the fall itotal
peripheral resistanceyithout an increase icardiac
output,theblood pressurdalls. The patient feels faint
(presyncopebdr actually loses consciousngsgncope).

Although physiological and hormonal changes that
accompanyeurocardiogenic syncogeve received
considerable research attention, studies so far have failed
to identify predisposing factors. A decrease in the rate of
sympathetic nerve traffio the heart, or a restraint on
release ohorepinephrindrom sympathetic nerve
terminalsin the heart, might cause a tendency to faint, by
preventing compensatory increases in the force and rate
of the heartbeat in response to a fallatal peripheral
resistancehowever, no published study so far has tested
this idea.

Reports about a high frequencynsdurocardiogenic
syncopeandneurally mediated hypotensialuring
provocativetilt table testinghave supported the view that
chronic fatigue syndromeften includes and may result
from a form ofdysautonomia.

The usual treatments faeurocardiogenic syncofse
the same as fd?OTS:Florinef™ and liberal salt and
water intakef3-adrenoceptor blockersnidodrine;calf
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muscle resistance training; exercise training; or insertion
of a pacemaker.

Consistent with the notion that decreasgohpathetic

nerve trafficor decreasedorepinephringelease
predisposes toeurocardiogenic syncopspome patients
note improvement with sympathomimetic amines such as
d-amphetaminer methylphenidate (Ritalin™)

As in POTS,in neurocardiogenic syncopthere does not
seem to be much risk of chronic cardiovascular disease.
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NORMAL NEUROCARDIOGENIC
SYNCOPE

Neurocardiogenic syncope involves an
unusual pattern where before the acute
episode, epinephrine (adrenaline) levels a
high, and yet the sympathetic nervous
system shuts down.
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