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Syncope, the transient | oss of consciousness and
postural tone, isone of the oldest of recorded medical pro-
blems. Indeed, Hippocrates, the father of medicine, recor-
dedthefirst description of syncope, anditisfromthe Greek
that wederivethemedical termfor fainting (syncoptein - to
cut short). Both asign and asyndrome, syncopemay result
fromawidevariety of causes. Over thelast decade, conside-
rabl e attention has been focused on one particul ar cause of
syncope, the phenomenon previously called vasovagal
syncope. Research into the nature of this disorder has de-
monstrated that it is only one aspect of a much broader
group of disturbances of the autonomic nervous system
that may lead to hypotension, orthostatic intol erance, and
ultimately syncope. Indeed, recent discoverieshave caused
usto reevaluate our entire classification of autonomic di-
sorders, and to develop anew system that better reflects
our current knowledge. Becauseit isthe cardiologist and
the clinical cardiac electrophysiol ogist who are now fre-
guently called upon to recognize and treat these disorders,
thisreview is designed to acquaint the reader with these
conditions, their diagnosi s, and management.

The aut onom ¢ ner vous syst em

Becausethese nervousdisordersall result fromadis-
turbancein normal autonomic function, it would seem ap-
propriate to briefly review some aspects of the structure
and operation of the nervous system.

The human nervous system has two basic compo-
nents: the central nervoussystem, made up of thebrainand
thespinal cord?, and the peripheral nervoussystem, which
is comprises groups of neurons called ganglia, and of
peripheral nervesthat lie outsidethebrain and spinal cord.
Although anatomically separate, thetwo systemsarefunc-
tionally interconnected. The peripheral nervous systemis
further divided into somatic and autonomic divisions. The
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somatic divisionisprincipally concerned with sensory in-
formation about the environment outside the body aswell
as muscle and limb position. The autonomic division
(usually called the autonomic nervous system or ANS) is
themotor systemfor theviscera, thesmooth musclesof the
body (especially those of thevascul ature), and theexocrine
glands. Itis composed of three distinct parts: the sympa-
thetic, parasympathetic, and enteric nervous systems. The
sympathetic nervous system helps control the reaction of
the body to stress, and the parasympathetic system works
to conservethebody’ sresourcesandtorestore equilibrium
to theresting state. The enteric system controlsthe functi-
on of thegut. Theorgan systemsgoverned by the ANSare,
for themost part, independent of volitional control (althou-
ghthey sometimescan beaffected by volitional or emotio-
nal inputs) and include the cardiorespiratory organs, the
gastrointestinal and genitourinary tracts. The autonomic
systemisvital to the maintenance of internal homeostasis
and achievesthisby mechanismsthat regul ate blood pres-
sure, fluid and el ectrolyte balance, and body temperature.
Although representative of one of the defining as-
pects of the evolution of Homo sapiens, the adoption of
upright posture presented a novel challenge to ablood
pressurecontrol system that devel oped to meet therequire-
mentsof ananimal inthedorsal position. Indeed, theorgan
that defines our humanity, the brain, was placed in a so-
mewhat precariousposition with regardsto vascular perfu-
sion and oxygenation. It isthe ANS that governs both the
short- and medium-term blood pressure responsesto posi-
tional change?2. Normally, around 25% of the circulating
blood volumeisin thethorax. Immediately following the
assumption of upright posture, gravity produces adown-
ward displacement of roughly 500 cc of blood to the abdo-
menandlower extremities. A pproximately 50% of thisamo-
unt is redistributed within seconds after standing, and al-
most one quarter of total blood volumemay beinvolvedin
the process. The process causes adecrease in venousre-
turntotheheart, and cardiacfilling pressures; and strokevo-
lumemay fall by 40%. Thereferencepoint for determination
of these changesisknown asthe venous hydrostatic indif-
ference point (or HIP) and representsthe part of thevascu-
lar systemwhere pressureisindependent of posture. In hu-
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mans, thevenous HIPisaround thelevel of the diaphragm
andthearteria HIPisat theleft ventricle. ThevenousHIPis
somewhat dynamic in that it can be altered by changesin
venous compliance brought on by muscular activity 2.
Following standing, the healthy subject achievesorthosta-
tic stabilizationin oneminuteor less. It should be noted that
theexact circulatory responsesbrought on by standing (an
active process) aresomewhat different from those brought
on by head uptilt (apassiveprocess). Inthemomentsfollo-
wing assumption of upright posture, aslow declinein arte-
rial pressureand cardiacfilling occurs. Thiscausesactiva
tion of the high-pressure receptors of the carotid sinusand
aorticarch, aswell asthelow-pressurereceptorsof theheart
and lungs. The mechanoreceptorsthat are within the heart
arelinked by unmyelinated vagal afferentsinboththeatria
and ventricles **. Thesefibers have been found to cause
continuousinhibitory actions on the cardiovascul ar areas
of the medulla(the nucleustractus solitarii) *. Thefall in
venous return that results from upright posture produces
less stretch on these receptors, then discharge rates de-
crease, and the changein input to the brain stem causesan
increasein sympathetic outflow resulting in systemicvaso-
consgtriction. At the sametime, thefall in arterial pressure
while upright activates the high-pressure receptorsin the
carotid sinus, which stimulates an increase in heart rate.
These early steady state adaptations to upright posture
thereforeresultinal0to 15 beat per minuteincreasein heart
rate, adiastolic pressureincreaseof 10mmHg, andlittleor
no changein systolic blood pressure. Once these adjust-
mentsare compl ete, ascompared with the supine state, du-
ring upright stancethethoracic blood volumeis30%lessas
isthetotal cardiac output, and the mean heart rateis10-15
beats/minute higher. Furthermore, detail ed descriptions of
thisprocessareavailableto theinterested reader 2.
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Asaperson continuesto stand, activation of neurohu-
moral responses occurs, the amount of which isdependent
onthesubject’svolumestatus. Asarule, thelower thevolu-
me, the higher the degree of the renin-angiotensin-aldoste-
ronesysteminvolvement 2. Theinability of any of thesepro-
cessesto function adequately (or in acoordinated manner)
can potentially result in afailurein the normal responsesto
sudden shiftsin posture (or their maintenance) with resultant
hypotension that may be sufficiently great astoresultin ce-
rebral hypoperfusion, hypoxia, and loss of consciousness.

Dsordersof orthostati ccontrd

A number of different disordersof orthostatic control
have beenidentified that, although sharing certain charac-
teristics, areinmany waysunique. It should beremembered
that when we observe nature, we see what we want to see
according to what we believeweknow about it at thetime.
At one point, supraventricular tachycardiawasfelt to bea
singleentity, only later wasit found to be composed of mul-
tiplesubtypes. In order to make some sense of the apparent
chaosof nature, wetry to classify it into acoherent system
that conformsto our expectations. Thus, any systemof clas-
sificationisinsomewaysarbitrary and opento debate. The
following system conformstothat devel oped by the Ameri-
can Autonomic Society in 1996. A basic somewhat ssmpli-
fied outline of the systemisprovidedinfigure 1. Many in-
vestigatorsliketo divide these disordersinto primary and
secondary forms. The primary formstend to beidiopathic
and aredividedinto acuteand chronicforms. Theseconda-
ry typesareusually seenin association withaparticular di-
seaseor areknown to arise secondarily to aknown bioche-
mical abnormality.
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Fig. 1—Disorders of autonomic control with orthostatic intolerance.
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Ref | ex syncopes

Physicianstend to be most familiar with thisform of
syncope and as such, our discussion of it will belimited 2.
First described by both Gower and Sir Thomas Lewisas
vasovagal syncope, it isbetter known today as either neu-
rocardiogenic or neurally mediated syncope. Although di-
versein presentation, it most frequently occursinyounger
people and is characterized by adistinct prodrome of
variableduration followed by an abrupt loss of conscious-
ness. Recovery israpid andisusually not accompanied by
apostictal state. These episodesarefelt to represent a“ hy-
persensitive” autonomic system that overresponds to
variousstimuli. Most commonly, thisisprolonged orthos-
tatic stress, which isfelt to increase venous pooling to the
point wherevenousreturntotheright ventriclefallsso pre-
cipitously that an increase in ventricular inotropy causes
activation of mechanoreceptorsthat would normally fire
only during stretch *. Thissudden surgein neura traffic to
thebrain stem mimicstheconditionsseenin hypertension,
thus provoking an apparently “ paradoxic” sympathetic
withdrawal with resultant hypotension, bradycardia, and
syncope. It isimportant to remember, however, that other
stimuli such as strong emotion or epileptic discharge can
provokeidentical responses, thus suggesting that thesein-
dividuals have an inherent increase in sensitivity to such
stimuli. During head upright tilt tabletesting, theseindivi-
dualshaveasudden profoundfall inblood pressure; thatis
closely followed by afall in heart rate (sometimesto the
point of asystole).

Sutton has made the insightful observation that the
responses seen during neurocardiogenic syncope and ca
rotid sinushypersensitivity arequitesimilar and may bedif-
ferent aspects of the samedisorder 5. Indeed, insuch apre-
disposedindividual, rapid mechanoreceptor activationfrom
any site (blood, bladder, cough) could élicit similar respon-
ses. More detailed descriptions of these disorders can be
found elsewhere ®. What seemsto distinguish these disor-
dersfromtheremainder of thosediscussed herein; isthat in
between episodes these patients are quite normal and re-
port few if any other symptoms. Indeed, their autonomic
systems appear to function normally despite their “ hyper-
sensitive”’ nature, as opposed to other conditions where
the autonomic system seemsto“fail”.

Frinarydi sordersof autonomcfailure

Chronicdisorders- Thephysicianismorelikely to
encounter thechronicformsof autonomicfailurethantheir
acute counterparts. Thefirst report of chronic autonomic
failurewasthegroundbreaking report by Bradbury and Eg-
glestonin 1925, wherethey labeled the condition “idiopa-
thic orthostatic hypotension” due to an apparent lack of
other neurologic features’. However, sincethen, it hasbe-
comequiteapparent that inthese patientsthereexistsage-
neralized state of autonomic dysfunction as manifested by
orthostati ¢ hypotension and syncope, aswell asdisturban-
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cesinbowel, bladder, thermoregul atory, sudomotor, and se-
xual function. The American Autonomic Society hasnamed
thisdisorder Pure Autonomic Failure (or PAF) 8. Although
the cause of PAF remains unknown, several investigators
have postul ated that adegeneration of the peripheral post-
ganglionicautonomic neuronsoccurs. Althoughthecondi-
tionismore commonly seeninolder adults, it can occur in
amost any agegroup (including children).

Another type of autonomic failure was reported in
1960inalandmark paper by Shy and Drager °. Incontrast to
Pure Autonomic Failure, thismoresevereconditionismani-
fested by severe orthostatic hypotension, progressive uri-
nary and rectal incontinence, lossof swegting, irisatrophy,
external ocular palsy, impotence, rigidity, andtremors. Both
muscl e fasci cul ations and distal muscle wasting may be
seenlateinthedisorder. Tobetter identify thiscomplex mul-
tisystem disorder, the American Autonomic Society hasha-
med thisdisease Multiple System Atrophy (MSA) and has
divided it into three major subtypes . Thefirst type pre-
sentsastremor thatissurprisingly similar to Parkinson’sdi-
sease (some authors prefer to refer to thistype as presen-
ting asstriatonigral degeneration). A second type presents
asmainly cerebellar or pyramidal symptoms, or both (some
investigators have termed this the olivopontocerebellar
atrophy/degeneration form). A third type presents as cha-
racteristics of both of these types. Aswas alluded to pre-
viously, MSA can appear surprisingly similar to Parkin-
son’s disease. An autopsy study recently found that so-
mewhere between 7 and 22% of people thought to have
Parkinson’sdisease actually had neuropathol ogic findings
diagnostic for MSA. Although the vast mgjority of MSA
patients do not present with symptoms until somewhere
betweenthe5thand 7th decade of life, someunfortunatein-
dividualsdo beginto have symptomsintheir latethirties.

Recently, aconsiderableamount of attention hasbeen
focused onamilder formof chronicautonomicfailurethatis
referred to asthe Postural Orthostatic Tachycardia Syn-
drome (or POTS) **. ThehalImark of the syndromeisaper-
sistent tachycardiawhile upright (that sometimes reaches
ratesof 160 beats/minuteor more) that isassociated with se-
vere fatigue-near syncope, exercise intolerance, and li-
ghtheadednessor dizziness. Many also complain of always
being cold, whileat the sametimeunabletotol erateextreme
heat. During head upright tilt, these patients experience a
suddenincreasein heart rate of greater than 30 beats/minu-
tewithinthefirst fiveminutes, or achieveamaximum heart
rateof 120 beats'minuteassociated with only mildly reduced
blood pressures.

The mechanism underlying this condition appearsto
beafailureof theperipheral vascul atureto appropriately ver
soconstrict under orthostatic stress, whichisthen compen-
sated for by an excessiveincreasein heart rate. Several au-
thorshavefelt that POT Srepresentsthe earliest sign of au-
tonomic dysfunction, and someof these patientshavelater
progressed onto having pureautonomicfailure. Itisimpor-
tant to recogni zethisdisorder, aswe have seen several pa-
tientswith POT Swho had been mi sdiagnosed ashaving an
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inappropriate sinus tachycardia and who had undergone
radio frequency modification of the sinus atrial node (at
other centers). After the apparently successful elimination
of their “sinustachycardia’, they wereleft with profound
orthostatic hypotension. These patientsmay bemisdiagno-
sed as suffering from Chronic Fatigue Syndrome. Several
recent reports have suggested that agreat deal of overlap
may exist between thesetwo disorders?2.

Acut e aut onon ¢ dysf uncti on

Eventhoughthese syndromesarerare, theacuteauto-
nomic neuropathiesthat produce hypotension and synco-
pe are frequently dramatic in presentation 3. These disor-
dersare acute in most and demonstrate severe and wides-
pread failure of both the sympathetic and parasympathetic
systemswhileleaving the somatic fibersunaffected. Many
of these patients tend to be young and, prior to theillness,
werevery healthy. Thedevel opment of theillnessissurpri-
singly rapid and patientscan frequently rel atethe exact day
symptoms first began. One interesting observation has
beenthat alarge number of theseindividual sreport having
had afebrileillness(presumedtobeviral) prior totheonset
of symptoms, giving riseto the notion that an autoimmune
component to thedisorder may exist.

Function of the sympathetic nervous systemis often
so severely disrupted that orthostatic hypotension occurs
of such adegreethat the patient cannot even sit upright in
bed without fainting. Patientsoften totally losetheir ability
to sweat, and suffer bowel and bladder dysfunctions. These
patientsfrequently complain of bloating, nausea, vomiting,
and abdominal pain. Constipation isfrequent, and someti-
meswill alternatewith diarrhea. Onefascinatingfindingis
that theheart ratewill often beat afixed rateof 40to 50 beats
per minute-associated with compl ete chronotropicincom-
petence. Thepupilsareoften dilated and poorly reactiveto
light. Patients may experience several syncopal episodes
daily. The long-term prognosis of these patientsis quite
variable, with some enjoying compl ete recoveries, and
others suffering achronic debilitating course. Patientsare
often|eft with significant residual defects.

Secondary causes of aut onom ¢ dysf uncti on

A wide variety of disorders may cause varying
degreesof autonomic disturbance. A list of someof these
disordersisfoundintablel. It isimportant for the phy-
sicianto beableto recognizewhen autonomic dysfunction
isbut part of agreater disorder. In occasional patients,
several conditions may coexist that produce synergistic
detrimental effects on autonomic function. Over the last
decade, anumber of enzymatic abnormalities have been
identified that can result in autonomic disruption. Princi-
pal among these isisolated dopamine beta hydroxylase
(DBH) deficiency syndrome, aconditionthat isnow easily
treated by replacement therapy. Additional deficiency
syndromes involving nerve growth factor, monamine
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Table| - Autonomic disorders associated with orthostatic
intolerance

| - Primary autonomic disorders
A) Acute pandysautonomia
B) Pure autonomic failure
C) Multiplesystem atrophy
1- Parkinsonian
2- Pyramidal/cerebellar
3- Mixed
D) Reflex syncopes
1. Neurocardiogenic syncope
2. Carotid sinus hypersensitivity

11 - Secondary autonomic failure
1) Central origin
a) Cerebral cancer
b) Multiple sclerosis
c) Age-related
d) Syringobulbia
2) Peripheral forms
1) Afferent
a) Guillain-Barré syndrome
b) Tabes dorsalis
c) Holmes-Adie syndrome
2) Efferent
a) Diabetes mellitus
b) Nerve growth factor deficiency
¢) Dopamine beta-hydroxylase deficiency
3) Afferent/efferent
a) Familial dysautonomia
4) Spinal origin
a) Transverse myelitis
b) Syringomyelia
¢) Spinal tumors
5) Other causes
a) Renal failure
b) Paraneoplastic syndromes
¢) Autoimmune/collagen vascular disease
d)Human immunodeficiency virus infection
e) Amyloidosis

oxidase, aromatic L-amino decarboxylase, and some
sensory neuropeptidesmay all resultinautonomicfailure
and hypotension. Diffuse systemic illnesses, such asre-
nal failure, cancer, or acquired immune deficiency syn-
drome (AIDS), may all cause hypotension and syncope.
Studieshavealso demonstrated alink between orthostatic
hypotension and Alzheimer’s disease 1.

Perhapsone of themost important thingsto remember
isthat avast number of pharmacol ogic agentsareavailable
that may either cause or worsen orthostatic hypotension
(tablell). Chief amongthesearetheperipherally acting vaso-
dilatory agents, such astheangiotensin converting enzyme
(ACE) inhibitors, prazosin, hydralazine, guanethidine. Beta-
blocking agents may & soworsen syncopein somepatients.
Lately wehave observed anincreased frequency of dysau-
tonomic syncope in patients suffering from congestive
heart failure. Inthisgroup, thecombination of alow cardiac
output and volume depl etion dueto diureticsand vasodil a-
tor therapy servetointerferewith the body’s af orementio-
ned mechanismsfor adapting to upright posture. Centrally
acting agents, such asthetricyclic antidepressants, reser-
pineand methyldopa, may al so exacerbate otherwise mild
hypotension.
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Tablell - Pharmacologic agentsthat may cause or wor sen
orthostatic intolerance

Angiotensin converting enzyme inhibitors
Alpha receptor blockers
Calcium channel blockers
Beta blockers
Phenothiazines

Tricyclic antidepressants
Bromocriptine

Ethanol

Opiates

Diuretics

Hydralazine

Ganglionic blocking agents
Nitrates

Sildenafil citrate

MAO inhibitors

ne c =0

Gincd feaues

Theprincipal featurethat all of these conditionsshare
isthat normal cardiovascular regul ationisdisturbed resul-
ting in postural hypotension. Although orthostatic hypo-
tensionwasoncedefined asagreater than20mmHgfall in
systolic blood pressure over athree minute period after
standing upright, asmaller drop in blood pressure asso-
ciated with symptomscan bejust asimportant. A large per-
centage of these patientsdisplay aslow steady fall inblood
pressure over alonger timeframe (around 10-15 minutes)
that can be quite symptomatic. Whether the patient expe-
riencessymptomsisasmuch dependent ontherateof fall in
pressure asit is upon the absol ute degree of change. The
lossof consciousnessin thedysautonomictendsto besl ow
and gradual, usually when the patient iswalking or stan-
ding. However, many ol der patientsdo not seemtoperceive
thisdeclinein pressureand thereforereport little or no pro-
drome prior to syncope and describe these episodes as
“drop attacks’. Those who do experience prodromes des-
cribeawide variety of symptoms, such asdizziness, blur-
ring of vision, “seeing stars”, and tunnel vision. A dis-
tinguishing feature between neurocardiogenic and dysau-
tonomic syncopeisthat in the latter, bradycardiaand dia-
phoresisare uncommon during an episode. Dysautonomic
syncope tends to be more common in the early morning
hours. Any factor that enhances peripheral venouspooling
suchasextremeheat, fatigue, or alcohol ingestionwill exa-
cerbate hypotension. Astime goes on, some patients may
developarelatively fixed heart ratethat showslittlerespon-
seto either postural change or exercise. In addition, some
patients devel op asyndrome of supine hypertension that
alternateswith upright hypotension, presumably dueto a
failuretovasodilatewhen prone. Petientssuffering fromthis
combination of supine hypertension and upright hypo-
tension can be quite difficult to treat. Sometimes distin-
gui shing between these disorders can be difficult asacon-
siderabledegreeof overlap may exist betweenthem (asitua-
tion not dissimilar to that seen with the various forms of
chronic obstructivelung disease) (fig. 2).
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Bval uationof petients

The cornerstone of evaluation is adetailed history
and physical examination. When do syncopal or near syn-
copal episodesoccur and when did they begin? How often?
Isthere apattern to the events or any known precipitating
factors? What are episodes like to the patient and how do
they appear to bystanders? What other organ systems are
involved? Other than syncope, what symptom bothersthe
patient most? A careful and concise history and physical
(whichmust includeaconcise neurol ogic examination) will
haveafar greater diagnosticyieldthanthemindlessordering
of multipletests. Laboratory examinations should be ob-
tained in acareful and directed manner, based upon history
and physical findings, to confirm one'sclinical impressions.

Itisfar beyondthe scopeof thispaper toreview every
autonomic disorder and the varioustests used in evalua-
tion. Theinterested reader is directed to several excellent
texts on the subject & 1518, One point that needs to be em-
phasized; isthat any drugsthe patient istaking that could
produce hypotension should beidentified. (tablell) This
includes not only proscriptions but also over-the-counter
medicationsand herbal remediesaswell. Sadly, inthemo-
dern era, when ayoung person presentswith symptoms of
autonomic dysfunction, the potentia useof illicit drugsor
alcohol should be considered. |n women, symptoms may
vary withthemenstrual cycleor an otherwisemildtendency
toward autonomic dysfunction may be exacerbated by the
onset of menopavse.

Because the autonomic areas of the brain are not ac-
cessibleto direct measurement, one must measuretheres-
ponses of various organ systemsto various physiologic or
pharmacol ogic challenges. In addition, recent advances
haveallowed for thedetermination of serumurineand cere-
brospinal fluidlevel sof someautonomic neuromodul ators
and neurotransmitters. Foremost, however, isthe determi-
nation of blood pressure and heart rateresponseto positio-
nal change, with measurementstaken whilethe patient is

Pur e Aut onom c
Failure

Ref | ex
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Fig. 2 —Interel ationship between autonomic disorders.
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supine, sitting, and standing. The exact changein pressure
considered to besignificantisstill under discussion, butis
usually felt to be between 20-30mmHg systolic and 10-
15mmHg diastolic. Remember that when standing, pressure
determination should be performed with the arm extended
horizontally (to avoid the possible hydrostatic effects of
thefluid column of the arm). Because the body’s respon-
sesto active standing differ from those of passivetilting,
we also frequently perform tilt table testing on these pati-
ents, the details of which are given elsewhere® (fig. 3). A
number of other autonomic testsare also availableand are
quite useful in selected patients 5%,

Ther apeuti c opti ons

A completediscussion of thetreatment optionsavai-
lable isbeyond the scope of thisreview; however, some
basic principalswill bebriefly outlined (morecompletedis-
cussions can befound elsewhere). One of the physician’'s
most important tasksisto identify whether hypotensive
syncopeisprimary or secondary in nature, and to determi-
neif there are any potentially reversible causes (i.e.,
drugs, anemia, volumedepletion).

Itisequally important to educate patientsand their fa-
miliesastothe nature of the problem. Teaching the patient
to avoid aggravating factors (such as extreme heat, dehy-
dration, and a cohol consumption) aswell asrecognizing
any prodromal symptomsand assuming arecumbent posi-
tionat their onset areextremely hel pful measures.

Nonpharmacol ogic therapiesthat are useful include
sleeping with the head of the bed upright (around 6-12 in-
ches), and el astic support hose (at least 30-40 mm Hg ankle
counter-pressure). Biofeedback has also proven useful in
select patients.

Pharmacotherapy should be used cautiously; and
should betailored to fit the needs of the patient based on
the type of autonomic disorder being treated, aswell as
coexisting symptoms and conditions. It should also bere-
membered that virtually any drug used intreatment can oc-
casionally worsen symptoms (a“ prosyncopal” effect).

In neurocardiogenic syncope, a number of reports
havefound that beta-blocker therapy iseffective presuma:
bly becauseitsnegativeinotropic effectslessen thedegree
of cardiac mechanoreceptor activation associated with
abrupt fallsin venousreturn. Theincrease in peripheral
vascular resistance that accompani es unopposed beta bl o-
ckade may also contribute to its therapeutic effects. We
have not found beta bl ockade as useful in other forms of
reflex syncope, and they may bedetrimental inthedysauto-
nomic syndromes. A useful agentin patientswith dysauto-
nomic syncope (andinyounger patientswith neurocardio-
genic syncope) isthemineral corticoid agent, fludrocorti-
sone. Itresultsnot only influid and sodiumretention, but it
also appearsto raise pressure viaan indirect vasoconstric-
tiveeffect resulting from sensitization of peripheral alphare-
ceptors. Becausethe drug may cause hypokal emiaand hy-
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pomagnesemia, serum potassium and magnesium levels
need to beperiodically monitored.

Because failure to properly vasoconstrict the
peripheral vesselsiscommon to all of these disorders,
vasoconstrictive substancescan beemployed. Initially, we
employed the amphetamine-like agent, methyl phenidate
with excellent results 2. However, the fact that it isa
controlled substance with potent CNS stimul ating activity
tendedtolimit our use of thedrug. Anexcellent alternative
isthenew al phastimul ating agent, midodrine. It hasalmost
no CNSeffectsor cardiac stimulation, but providesidentical
degrees of peripheral alpha- receptor stimulation. Several
studies have demonstrated midodrine’s efficacy in both
neurocardiogenic and dysautonomic disorders 222,

It has been found that the &l pha-2 receptor blocking
agent, clonidine, can actually elevate blood pressurein dy-
sautonomic patientswherehypotensionissecondary toase-
vere postganglionic sympathetic lesion %, In patients with
severeautonomicfailure, thepost- junctional vascular a pha-
2 receptors (that are plentiful in the venous system) are
actually hypersensitive. Although, in healthy individuals,
clonidine acts on the central nervous system to lessen
sympathetic output andwithit blood pressure; inautonomic
failure, some patientsexhibit little or no sympathetic output
thuspermittingitsperipheral actionsto becomemanifest.

Interestingly, anumber of patients with autonomic
failureareanemic. A brilliant study by Hoel dtkeand Stre-
eten demonstrated that subcutaneousinjectionsof erythro-
poietinwhileraising blood count al so producedramaticin-
creasesin blood pressure 2. This pressure effect seemsto
occur independently of thered cell effect .

A series of both animal and human studies have de-
monstrated that the neurotransmitter serotonin (5-hydroxy-
tryptamine) playsan essential roleinthecentral regulation
of blood pressure and heart rate. It hasbeen postul ated that
some patients with autonomic disorders may have distur-
bancesin central serotonin production or regulation®. In
support of this concept has been the observation that the
serotonin reuptake inhibitors can be effective in both the
treatment of neurocardiogeni c syncope and orthostatic hy-
potension .

Theexact roleof pacemaker therapy inthetreatment of
these disorders remains controversial, and is beyond the
scope of this discussion; however, anumber of investiga-
torshave found that in select patients pacemaker therapy
can beeffectiveinreducing symptomsand may sometimes
eliminate syncopealtogether %.

It should be kept in mind that in dysautonomic disor-
ders(asopposed to thereflex syncopes), hypotensive syn-
copeisbut oneaspect of abroader constellation of sympto-
msrelating to autonomicfailure. Thephysician should, the-
refore, not give the patient unrealistic expectations asto
what symptomscan and cannot be eliminated. Both physi-
cian and patient should remain cognizant that these disor-
derscan beprogressivein natureand that therapiesmay ha-
vetobealtered over time.
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Classic Neurocardiogenic (Vasovagal) Response
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Fig. 3—Response patterns seen during tilt table testing.
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