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Recurrent dizziness, weakness, and eventual loss of con-
sciousness induced by standing are frightening symptoms, 
which usually trigger intensive investigations for possible 
cardiac cause, cerebral arterial disease, or a neurological 
lesion. If no obvious lesion is found, diagnosis is often 
thwarted by a lack of a clearly defined algorithm for a 
systematic approach to that common syndrome. The fol-
lowing outline is a review of our experience with patients 
referred because of recurrent symptoms varying from un-
steadiness to graying of vision, and sudden syncope; in 
many, coronary or cerebral arteriography had been ob-
tained by their physicians and showed no significant lesions. 

Definition 
Intolerance to orthostasis assumes many forms and may 

be related to different causes; in a few cases, manifestations 
are typical of some conditions and may help in the diagnosis 
of specific entities. It is important to determine at the 
outset whether the symptoms that develop on standing up 
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are related to a fall in arterial pressure (ortho-
static hypotension) or whether they are associated 
only with marked tachycardia and a narrowing 
of pulse pressure (excessive adrenergic stimula-
tion). Separate from both these types are episodes 
of syncope that are associated with nausea and 
slowing of the pulse and take some time to clear 
up after fainting. These "vasovagal attacks" can 
occur in any position but are commonest in the 
upright posture. 

The normal response to head-up tilt in our 
laboratory has been 119 ± 3 (standard error) to 
116 ± 5 mm Hg for systolic blood pressure (SBP) 
and 74 ± 2 to 80 ± 3 mm Hg (P < 0.05) for 
diastolic blood pressure (DBP) in normal volun-
teers. In patients with documented autonomic 
insufficiency, these changes were 140 ± 7 to 81 
± 7 mm Hg (P < 0.05) and 77 ± 4 to 52 ± 5 mm 
Hg (P < 0.05), respectively. Therefore, ortho-
static hypotension was defined by a fall of >30 
mm Hg SBP and/or >10 mm Hg DBP1; more 
importance is attached to the fall in diastolic than 
to the systolic pressure because it is in marked 
contrast with the normal diastolic response to 
upright posture (standing). 

Symptoms in orthostatic hypotension are no-
toriously variable from day to day or indeed 
within the same day; although always associated 
with the fall in pressure, the converse does not 
hold true and substantial falls in blood pressure 
may not always be symptomatic. 

Pathophysiologic considerations 
Cardiovascular adjustment to upright posture 

There are relatively few instances in which 
diagnosis, localization of the lesion, and approach 
to therapy are as dependent on a thorough un-
derstanding of pathophysiology as is the case with 
orthostatic hypotension. The hemodynamic re-
sponses to upright posture have been studied 
extensively and are fairly well defined.1-3 As one 
stands up, about 500 mL of blood is trapped in 
the distensible veins below the level of the heart; 
as a result, plasma is lost to the interstitial fluid4 

and venous return decreases. This peripheral 
relocation of intravascular volume and reduction 
in cardiac output would lead rapidly to severe 
hypotension and fainting were it not for potent 
activation of the sympathetic system by two sep-
arate routes: the first is the classical high pressure 
baroreceptor reflux and the second involves low 
pressure reflexes from the cardiopulmonary area 

whose importance has been appreciated only re-
cently.5"7 The diminished stretch of sensors in 
both the high- and low-pressure reflexogenic 
areas decreases their tonic inhibitory influence 
on the vasomotor center with consequent en-
hancement of sympathetic activity and repression 
of parasympathetic activity. 

Classification of orthostatic intolerance 

Intolerance to the upright posture can be clas-
sified according to the concomitant changes in 
arterial pressure and heart rate. 

Marked tachycardia with normal or marked in-
crease in diastolic pressure. These signs of 
marked sympathetic responsiveness to orthostasis 
(increased heart rate and possibly sweating) usu-
ally result from excessive stimulation of a func-
tioning baroreceptor reflex induced by marked 
venous pooling or hypovolemia (idiopathic or 
diuretic induced). In both instances, the patient 
feels uncomfortable, with excessive palpitations 
and marked weakness. If prolonged, this exces-
sive cardiac action may be followed by sudden 
slowing of the pulse, hypotension, and possibly 
fainting. This "secondary" vasovagal faint is 
thought to be related to stimulation of cardiac 
mechanoreceptors and is more likely to occur in 
cases of hypovolemia whether it is idiopathic or 
diuretic induced.1 

Fall in both systolic and diastolic blood pressure 
(orthostatic hypotension) with no or normal increase 
in heart rate: The fall in arterial pressure on 
standing or head-up tilt has traditionally been 
subdivided into "sympathotonic" and "asympa-
thotonic" types.2 Although this approach helped 
substantially in our understanding of the syn-
drome when first introduced, a number of excep-
tions have blurred to some degree the sharp 
outline between the two types; moreover, more 
recent studies outlined a third type presumably 
caused by abnormal cardiogenic reflexes. We 
have therefore proposed a new classification that 
takes into account the advances of the past decade 
{Table 1). 

Clinical syndromes 

The range of neurohumoral responses to up-
right posture and diminished venous return has 
been recently reviewed.1'8 The following discus-
sion will therefore only highlight some aspects 
that are particularly relevant to clinical problems. 
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Autonomic failure 

The basic characteristic of this type of ortho-
static hypotension is the failure of increase in 
systemic vascular resistance despite the fall in 
cardiac output and arterial pressure.1'9 Auto-
nomic failure may occur because of lesions at 
different levels of the baroreceptor reflex arc. 
These include efferent pathway abnormalities as 
in diabetes mellitus and some forms of neuritis; 
central lesions, which are rare; and lesions of the 
efferent sympathetic and parasympathetic sys-
tems. Efferent lesions are the commonest. They 
are sometimes subclassified into central and pe-
ripheral types, the central type representing le-
sions in the autonomic tracts of the spinal cord 
(Shy-Drager) and the peripheral type represent-
ing a degeneration of postganglionic sympathetic 
fibers.10 

More recently, we have come to appreciate 
fully the importance of a cardiac involvement in 
many of the neurogenic types of orthostatic hy-
potension. Both systolic performance and 
diastolic filling of the heart showed signs of im-
pairment in patients with efferent adrenergic 
dysfunction. Stroke volume was reduced on 
head-up tilt more than could be accounted for by 
the fall in cardiopulmonary volume11; Fouad et 
al12 recently reported a significant prolongation 
in left ventricle relaxation time in patients with 
efferent adrenergic dysfunction. Both observa-
tions are probably related to defective sympa-
thetic support to the heart. 

The cardiac aspects of autonomic failure can 
yield valuable clinical information. The marked 
reduction in stroke volume leads to a marked fall 
in systolic pressure on orthostasis particularly in 
older patients with less compliant large arteries. 
The change in stroke volume is also related to 
the response of heart rate to head-up tilt, and 
this has proved more complex than originally 
described. 

A fixed heart rate has traditionally been viewed 
as a hallmark of autonomic failure.13'14 This 
seemed to be supported from preliminary data 
in our laboratory; we used a noninvasive index 
to measure parasympathetic control of heart 
rate15 in 4 patients with idiopathic orthostatic 
hypotension (Table 2). This index was markedly 
reduced in these patients compared to age-
matched normal volunteers. However, more ex-
tensive laboratory experience with tilt test had 
shown that the change in heart rate during tilt 

Table 1. Classification of orthostatic hypotension 

Hypotension secondary to 
Failure o f autonomic function 
Functional baroreceptor decompensation 

Nonneurogenic hypotension consequent to hemodynamic stresses 
(reduced cardiac filling or impaired pumping efficiency) 

Hypotension secondary to cardiogenic reflexes 

Miscellaneous causes such as arteriolar diseases, adrenocortical in-
sufficiency, arteriolar dilatation by vasodilators or by disturb-
ances of acid-base balance 

Table 2. An index (VHP) of parasympathetic 
control of heart rate in 4 patients with autonomic 

insufficiency 
Patient 

no. 
Age 
(yr) 

BP 
(mm Hg) 

HR 
(bpm) 

VHP* 
(msec) 

1 52 173/96 72 21 ± 2.4 
2 55 116/96 71 12 ± 2.5 
3 48 131/91 62 19 ± 1.0 
4 52 186/103 82 14 ± 1.5 

* X ± standard deviation, time interval for data analysis. 
VHP = variation in heart period, BP = blood pressure, and HR • 

heart rate. 

varied from zero to +41 beats per minute. Simi-
larly, the increase of heart rate in response to 
atropine varied from zero to +21 beats per min-
ute. In general, orthostatic tachycardia is most 
prominent in autonomic dysfunction provoked 
by various drugs1 and is least pronounced or 
completely absent in advanced organic auto-
nomic patients with diabetic neuropathy.14 

Functional baroreceptor decompensation 

Central to the physiological adjustments to up-
right posture are the integrity of the reflex bar-
oreceptor arc and the adequate responsiveness of 
the target organs to sympathetic activation. The 
integrity of the baroreflex arc is not, however, a 
qualitative characteristic, but rather a varying 
adjustable set that changes rather rapidly in re-
sponse to exercise, sleep, many physiologic de-
pressant drugs, and diurnal variations in auto-
nomic neural tone. This variability in sensitivity 
of the baroreceptor reflex suggests that some 
patients could be functioning normally or at least 
asymptomatically at the fringe of baroreceptor 
compensation; under these conditions, the super-
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Fig. 1. A . Abnormal response to Valsalva maneuver (9-11-72). 
B. Response became normal when amobarbital was discontin-

ued (9-14-72). 

imposition of a functional and per se possibly 
slight depression of the baroreceptor reflex will 
precipitate significant symptomatic hypotension 
(Fig. 1). This occasional decompensation of the 
baroreceptors can help explain many clinical ep-
isodes of intermittent hypotension, orient inves-
tigations to identifying the provocative factors, 
and provide a rational basis for therapeutic ad-
vice. 

Nonneurogenic hypotension 

The vast majority of cases of nonneurogenic 
orthostatic hypotension result from inadequate 
cardiac filling either because of absolute or rela-
tive hypovolemia or because of some interference 
with venous return; others may be related to 
poor cardiac performance or to some obstruction 
to ventricular ejection. Diminished myocardial 
performance is not a common cause of orthostatic 
hypotension as distinct from hypotension at rest 
or following exercise. Patients with congestive 
heart failure are known to tolerate head-up tilt 
well, presumably because of their hypovolemia,16 

but orthostatic hypotension may become a prob-
lem after overtreatment with diuretics and con-
verting enzyme inhibitors.17 Severe aortic or pul-
monary stenosis usually leads to exercise hypo-
tension rather than an orthostatic fall in blood 
pressure.18 

The consequence of interference with venous 
return is a reduction of cardiac output of such a 
magnitude that despite reflex stimulation of dif-
ferent compensatory mechanisms, arterial pres-
sure falls. Broadly speaking, these cases form the 
group originally termed sympatheticotonic or-
thostatic hypotension.2 The clinical signs of that 
sympathetic stimulation include pallor, sweating, 
and tachycardia; the latter, however, is inconsis-
tent or could be obscured by medications, partic-
ularly ^-adrenergic blockers.19 The hemody-

namic hallmark remains the marked increase in 
systemic vascular resistance attempting, but una-
ble to compensate for the fall in cardiac output. 
The rise in systemic vascular resistance can at 
first maintain the diastolic pressure; the hemo-
dynamic signs are then limited to a falling systolic 
pressure, narrow pulse pressure, and tachycardia. 
In patients with reduced aortic compliance, the 
fall in systolic pressure is exaggerated.20 With 
further reduction in output, diastolic pressure 
also falls. This sequence of events must be differ-
entiated from the "common faint" or vasovagal 
attack, in which situation (whether provoked by 
reduced venous return or intense emotional stim-
uli) total peripheral resistance and heart rate fall 
suddenly (Fig. 2). The fall in blood pressure is 
rapid and associated with signs and symptoms of 
increased vagal activity. The sudden vasodilation 
develops because of competing autonomic 
reflexes21"2 and is not a preordained result of 
hemodynamic events. Although of neurogenic 
origin, this sudden hypotension is not due to 
autonomic failure but is more correctly related 
to activation of some depressor reflexes. 

Vasodepressor cardiogenic reflexes 

Early clinical experience with the common 
faint and more recently with the "pacemaker 
syndrome" has stressed the importance of differ-
entiating cases of hypotension due to autonomic 
failure from those related to sudden activation 
of a depressor reflex. Broadly speaking, we could 
refer to "active" versus "passive" hypotension (ac-
tive vasodilation or loss of vasomotor tone versus 
failure to respond to a drop in systemic flow). 
The diagnostic and therapeutic implications of 
the two are different. 

The most common type of these hypotensions 
related to sudden vasodilation is the vasovagal or 
common faint. Most fainting spells occur when 
the subject is standing and are associated with a 
fall in arterial pressure. However, they may occur 
even in the supine position, particularly if pro-
vocative factors (emotional disturbances, pain, or 
sight of blood) are present. They are usually 
associated with signs of vagal activity (slowing 
pulse and nausea) and these symptoms clear 
slowly in contrast with those of progressive auto-
nomic failure, which disappear as soon as the 
patient lies or falls down. The hemodynamic 
characteristic of the vasovagal syncope is a sud-
den fall in systemic resistance2 25 caused by a 
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TILT 
45° 

TILT 6 0 ° 
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(cont.) 

TILT 7 5 ° 

Fig. 
B. 

2. A. Vasovagal 
Response of heart 

response during head-up position (3-28-78). 
rate to tilt became normal when diuretic therapy was discontinued (5-3-78). 

vasodepressor reflex initiated from ventricular 
mechanoreceptors activated by forceful contrac-
tions on a near-empty chamber. 

Another example of hypotension related to a 
cardiogenic reflex is the "pacemaker syn-
drome."72'' Hypotension with light-headedness 
and near syncope can occur in patients during 
effective ventricular pacing. The mechanism un-
derlying this fall in arterial pressure is not the 
simple reduction in cardiac output consequent 
on loss of atrial contraction2'; a similar reduction 
in output could be easily compensated for by 
moderate vasoconstriction. The paradoxical lack 
of response of the peripheral resistance (which 
may indeed fall in some cases) was related tem-
porally to the cannon waves in the atrial tracings 
(Fig. 3); this led to the suggestion that the abnor-
mal resistance response was related to a reflex 
from distention of the atria.' In that respect, Kahl 
et al28 found that inflation of a balloon in the left 
atrium led to a decrease in arterial pressure be-
cause the decrease in cardiac output was not 
compensated for by an increase in peripheral 
resistance. In contrast, similar decreases in output 
caused by occlusion of the superior vena cava led 

to fully compensatory increases in total periph-
eral resistance. 

Localization of the lesion in autonomic 
dysfunction 

The hallmark of autonomic insufficiency is an 
abnormal Valsalva test. The normal Valsalva 
response2'1 has four components. Phase I is char-
acterized by an initial rise in blood pressure as-
sociated with deep inspiration. Phase II repre-
sents the increase in intrathoracic pressure 
resulting in a reduction of venous return and 
consequent marked diminution of pulse pressure. 
During phase II, severe vasoconstriction occurs 
in a normal person, resulting in equilibration of 
the blood pressure at a low plateau with small 
pulse pressure. Phase III represents the restart 
of normal breathing with the initial filling of the 
pulmonary circulation leaving the systemic cir-
culation empty, thus the arterial pressure falls 
dramatically. During phase IV, the cardiac out-
put is distributed again to the systemic circula-
tion, the latter being markedly vasoconstricted. 
The end result is an overshoot of systemic blood 
pressure, both systolic and diastolic. The changes 
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Fig. 3. Pacemaker syndrome. Blood pressure is lower when 
pacemaker is activated. These episodes are associated with cannon 
waves in right atrial pressure tracings.6 

of heart rate during these phases have also been 
well described previously. The decrease of blood 
pressure during phase II is associated with tachy-
cardia, while phase IV is associated with brady-
cardia; in both instances, the changes in heart 
rate are mediated via the arterial baroreceptors. 
In a patient with autonomic insufficiency, or in a 
patient with pharmacologic autonomic blockade 
(e.g., guanethidine), phase II is abnormal, i.e., 
the blood pressure continues to fall without 
reaching a plateau, and phase IV is abnormal, 
i.e., there is no overshoot of blood pressure. 
During these two phases, heart rate does not 
change significantly.29 An attempt was made to 
quantitate these abnormalities by calculating the 
constriction and acceleration indexes30; however, 
this has not been proved. 

Once autonomic insufficiency has been diag-
nosed, the next task is usually to localize the site 
of the abnormality along the baroreflex arc. Sev-
eral tests have been devised for this purpose. 

Cold pressor test31 

In this test, the patient is asked to immerse his 
hand, up to the wrist, in ice-cold water for one 
minute. Somatic pain impulses are transferred 
through the spinothalamic tract to the hypothal-
amus. Efferent sympathetic impulses are directed 
to the heart and peripheral arterioles, producing 
tachycardia and an increase in total peripheral 
resistance (and blood pressure). A lesion in the 
efferent pathway of the baroreflex arc will pre-
vent this response. 

Hyperventilation 29 

Hyperventilation for 15 seconds results in hy-
pocarbia and vasoconstriction of the brain stem 
vessels. The normal vasomotor centers sense this 
anoxia and induce vasodilation in response. A 

lesion in the vasomotor centers results in no 
change in blood pressure. 

Baroreceptor sensitivity testing 

These receptors are located in the aortic arch 
and the carotid sinus. According to the method 
of Gribbin et al,32 a bolus of phenylephrine (25 
to 50 ng) increases the blood pressure and results 
in a reflex slowing of the heart rate if the baro-
receptors are sensitive. The sensitivity of the 
baroreceptors is quantitated by correlating the 
individual sytolic blood pressure with the subse-
quent R-R interval obtained from a simultaneous 
electrocardiographic tracing. Baroreceptor sen-
sitivity was found to be blunted in a variety of 
conditions, notably old age, obesity, hyperten-
sion, uremia, and congestive heart failure. 

Other tests 

Other tests include the mental arithmetic and 
the reflex sweat test.31 Efferent cardiac vagal 
fibers have been tested by examining the re-
sponse of heart rate to atropine injection (0.03 
mg/kg). Changes in heart rate in patients with 
idiopathic orthostatic hypotension are usually di-
minished compared to controls. Moreover, 
Fouad et al15 adopted in man, a nonpharmacol-
ogic approach previously developed in dogs33 for 
evaluation of vagal control of heart rate. The 
approach depends on the changes in R-R inter-
vals, concomitant with respiration. Variation in 
heart periods was reduced in patients with auto-
nomic insufficiency (Table 2). Finally, extra-
adrenal stores of norepinephrine have been 
tested by injecting tyramine intravenously in 
three subsequent doses of 1, 2, and 3 mg. Because 
of the occasional extensive rise of blood pressure 
in some patients, 10 minutes are allowed between 
the individual injections after the blood pressure 
has returned to control level after each injec-
tion.34 This test allowed the differentiation of 
two forms of autonomic insufficiency: the central 
type and the peripheral type.10 The former was 
characterized by the presence of associated ab-
normalities of long tracts (pyramidal, extrapyr-
amidal, or cerebellar) as well as marked increase 
in blood pressure and plasma norepinephrine in 
response to tyramine (sensitization hypersensitiv-
ity). 

Summary 

Orthostatic intolerance is not an uncommon 
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disorder. Its causes are multiple, but careful at-
tention to clinical details and judicious use of 
selected tests to elucidate pathophysiologic mech-
anisms will allow accurate diagnosis in most cases. 
This will allow a rational choice of the therapeu-
tic measures appropriate to the individual case. 
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Commentary 

Maurice R. Hanson, M.D., Department of Neu-
rology, The Cleveland Clinic Foundation, com-
ments: Of the many patients who present with 
complaints of syncope and presyncope, a small 
but important subset will do so because the sys-
temic blood pressure falls to levels that fail to 
maintain adequate cerebral perfusion in the up-
right position. Most of these patients will prove 
to have hypovolemia, effects from drugs, poor 
conditioning, or peripheral nerve disease. A 
smaller percentage of patients will have no ap-
parent cause and may be suspected of having 
idiopathic orthostatic hypotension (IOH). An 
even smaller percentage of these may have a 
multisystem neurologic disorder including Par-
kinsonian features, cerebellar dysfunction, and 
spasticity—referred to r.s the Shy-Drager syn-
drome—a progressive disease with a serious long-
term prognosis. 

Effective and appropriate treatment for ortho-
static hypotension is dependent not only on a 

specific etiologic diagnosis, but in the case of 
IOH, on an anatomic diagnosis to determine 
what level(s) is impaired in the autonomic reflex 
arc, as is elegantly summarized here by Fouad et 
al. 

In the past, therapeutic efforts to maintain 
normal blood pressure have been largely disap-
pointing. The general strategies have consisted 
of increasing blood volume, stimulating the alpha 
adrenergic system, or both. Recently, the alpha 
adrenergic agonist (midodrine) has shown some 
promise. Recumbent hypertension remains a se-
rious problem. 

If the somatic neurologic disorder of Shy-Dra-
ger accompanies the orthostatic hypotension, 
treatment is more complex. For example, agents 
such as levodopa that are used to ameliorate the 
extrapyramidal symptoms may aggravate the hy-
potension. Hence, the management of IOH and 
its various subsets remain a complicated and chal-
lenging task. 

 on May 6, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

