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Editorial Comment

The Heart in
Orthostatic Hypotension*

RONALD G. VICTOR, MD,t
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Dallas, Texas

Idiopathic orthostatic hypotension provides a vivid demon
stration of the importance of the sympathetic nervous sys
tem in regulating cardiovascular function. Without sympa
thetic innervation of the heart and peripheral circulation, the
marked decrease in venous return produced by upright
posture causes a dramatic and unabated fall in blood pres
sure, leading to postural syncope. In the past 50 years, we
have learned a great deal about the reflex neural mechanisms
responsible for the normal circulatory adjustments to ortho
static stress and the pathophysiology of idiopathic ortho
static hypotension.

Mechanisms responsible for cardiovascular adjustments
during changes in posture in normal humans. As a normal
person assumes an upright posture, mean arterial pressure is
maintained (though pulse pressure narrows) because of
widespread activation of the sympathetic nervous system,
causing reflex vasoconstriction, adrenomedullary release of
epinephrine, activation of the renin-angiotensin system and
increased heart rate and cardiac contractility (I). These
autonomic adjustments to orthostatic stress are caused by a
variety of reflex neural mechanisms that are initiated by
several sets of sensory, or afferent, nerves.

First, certain inhibiting influences on sympathetic outflow
are suppressed. The carotid sinus and aortic arch barorecep
tors respond to a narrowing of pulse pressure by decreasing
their inhibitory influence on sympathetic outflow (2). In the
supine position, the tonic baroreflex restraint on sympathetic
outflow is caused by "high pressure" sinoaortic barorecep
tors and "low pressure" baroreceptors in the cardiopulmo
nary region (3-5). With an orthostatically induced fall in
intracardiac filling pressure, these baroreceptors decrease
their inhibitory influence on sympathetic outflow. As the
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upright position is assumed, both of these baroreflex mech
anisms are engaged and their effects on peripheral vascular
resistance are synergistic (6).

Second, certain excitatory neural pathways are activated
by standing. The change in body position activates sensory
nerves in the vestibular apparatus that reflexly increase
blood pressure through an effect on the fastigial nucleus (7).
The contraction of antigravity muscles activates a pressor
reflex through stimulation of sensory nerves in the muscle
interstitium (8). Muscle contraction increases venous return
by causing compression of the leg veins (the "skeletal
muscle pump"), a mechanical rather than a neural effect (9).
Finally, the central neural drive associated with a voluntary
change in body position may supplement the stimulation of
central sympathetic discharge evoked by peripheral auto
nomic reflexes (10).

Pathophysiology of idiopathic orthostatic hypotension. Or
thostatic hypotension may be hyperadrenergic or hypo
adrenergic (11). Hyperadrenergic orthostatic hypotension is
caused by marked hypovolemia; a normal sympathetic sys
tem, despite maximal stimulation, cannot compensate for a
dramatic decline in venous return. In contrast, hypoadren
ergic orthostatic hypotension is caused by a failure of
sympathetic neural discharge to increase appropriately in
response to a normal or modestly exaggerated postural
decrease in venous return. This entity, described in the
report of Kronenberg et al. (12) in this issue of the Journal,
may result from abnormalities of the afferent or efferent
limbs of the sympathetic nervous system. Although there
have been isolated reports of hypoadrenergic orthostatic
hypotension caused by baroreceptor dysfunction (13), most
cases are caused by preganglionic or postganglionic defects
in efferent sympathetic nerves (14). These abnormalities
arise clinically as rare idiopathic disorders [for example,
Shy-Drager syndrome (IS), Bradbury-Eggleston syndrome
(16)] or as secondary disorders in the setting of more
common diseases such as diabetic autonomic neuropathy
(17).

Hypoadrenergic orthostatic hypotension is an "experi
ment ofnature" that has provided insight into the function of
regional sympathetic nerves in the integrated control of the
human cardiovascular system during changes in posture. For
many years, failure of sympathetic vasoconstrictor nerves
was thought to be the primary pathophysiologic abnormality
in this condition (18,19). However, the absence of reflex
peripheral vasoconstriction cannot be the only abnormality,
because sympathomimetic arterial vasoconstrictor drugs do
not correct the orthostatic hypotension even when given in
doses that produce supine hypertension (16,20). Thus, in
addition to defective peripheral vasoconstriction, hypo
adrenergic orthostatic hypotension apparently is character-
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ized by impairment of cardiac output (21), possibly due to
shrinkage of plasma volume caused by a salt-losing nephrop
athy (21-23) following renal denervation or to impairment of
reflex increases in heart rate and cardiac contractility follow
ing cardiac denervation.

Findings and significance of the present study. In contrast
to this traditional line of thought, Kronenberg et al. (12)
report that cardiac contractility (measured noninvasively) is,
surprisingly, enhanced, not depressed, in patients with id
iopathic orthostatic hypotension. However, the finding of
augmented contractility in patients with this disease does not
prove that a deficiency in contractile performance plays no
role in its pathophysiology. The failure of contractility, as
well as of vascular resistance, to show an additional reflex
increase during postural change still may contribute to the
development of orthostatic intolerance in these patients.
Nevertheless, the unexpected finding that cardiac contrac
tility is augmented, not depressed, in the setting of cardiac
denervation is a novel observation and calls for further
research to elucidate its mechanism and pathophysiologic
importance.

Pathophysiologic speculation. Enhanced ventricular con
tractility may be an adaptation to chronic denervation of the
heart. When cardiac denervation is accompanied by dener
vation of the adrenal glands, kidneys and peripheral vascu
lature, as in idiopathic orthostatic hypotension, orthostatic
tolerance is not maintained. In contrast, orthostatic toler
ance is well maintained in patients with selective cardiac
denervation due, for example, to cardiac transplantation
(24). In heart transplant recipients, increased contractility
may contribute to the maintenance of orthostatic tolerance.
In these individuals cardiac denervation occurs in the setting
of intact innervation of the adrenal glands, kidneys and
peripheral vasculature.

References
I. Shepherd RFJ, Shepherd IT. Control of blood pressure and the circula

tion in man. In: Bannister R. ed. Autonomic Failure: A Textbook of
Clinical Disorders of the Autonomic Nervous System. New York: Oxford
University Press, 1988:80-96.

2. Mancia G. Mark AL. Arterial baroreflexes in humans. In: Shepherd JT.
Abboud FM, eds. Handbook of Physiology. Section 2: The Cardiovascu
lar System. Bethesda, MD: American Physiological Society, 1983:755-93.

3. Zoller RP, Mark AL, Abboud FM, Schmid PG, Heistad DO. The role of
low pressure baroreceptors in reflex vasoconstrictor responses in man.
J Clin Invest 1972;51:2967-72.

4. Roddie IC, Shepherd IT, Whelan RF. Reflex changes in vasoconstrictor
time in human skeletal muscle in response to stimulation of receptors in a
low-pressure area of the intra-thoracic vascular bed. J Physiol (Lond)
1957:139:369-76.

5. Vissing SF. Scherrer U, Victor RG. Relationship between sympathetic
outflow and vascular resistance in the calf during perturbations in central
venous pressure: evidence for cardiopulmonary afferent regulation of calf
vascular resistance in humans. Circ Res 1989;65:1710-7.

6. Victor RG, Mark AL. Interaction of cardiopulmonary and carotid barore
flex control of vascular resistance in humans. J Clin Invest 1985;76:
1592-8.

7. Doba N, Reis OJ. Changes in regional blood flow and cardiodynamics
evoked by electrical stimulation of the fastigial nucleus in the cat and their
similarity to orthostatic reflexes. J Physiol 1972;227:729-47.

8. Mitchell JH, Schmidt RF. Cardiovascular reflex control by afferent fibers
from skeletal muscle receptors. In: Ref 2:623-58.

9. Thomas IE. Schirger A, Fealey RD, Sheps SG. Orthostatic hypotension.
Mayo Clin Proc 1981;56: 117-25.

10. Reid JL. Central and peripheral autonomic control mechanisms. In: Ref
1:44-55.

II. Ziegler MG. Postural hypotension. Ann Rev Med 1980;31:239-45.

12. Kronenberg MW, Forman MB, Onrot J, Robertson D. Enhanced left
ventricular contractility in autonomic failure: assessment using pressure
volume relations. J Am Coil CardioI1990;15:1334-42.

13. Aksamit TR. Floras JS, Victor RG, Aylward PE. Paroxysmal hyperten
sion due to sinoaortic baroreceptor denervation in humans. Hypertension
1987:9:309-14.

14. Ziegler MG, Lake CR, Kopin IJ. The sympathetic-nervous-system defect
in primary orthostatic hypotension. N Engl J Med 1977;296:293-7.

15. Shy GM, Drager GA. A neurological syndrome associated with ortho
static hypotension: a clinical-pathologic study. Arch Neurol 1960:2:
511-27.

16. Bradbury S, Eggleston C. Postural hypotension: a report of 3 cases. Am
Heart J 1925:1:73-86.

17. Hilsted J, Parving H-H, Christensen NJ, Benn J, Galbo H. Hemodynam
ics in diabetic orthostatic hypotension. J Clin Invest 1981 ;68: 1427-34.

18. Stead EA Jr, Ebert RV. Postural hypotension: a disease of the sympa
thetic nervous system. Arch Intern Med 1941:67:546-62.

19. Hickam JB, Pryor WW. Cardiac output in postural hypotension. J Clin
Invest 1951;30:401-5.

20. Bannister R, Mathias C. Management of postural hypotension. In: Ref
1:569-95.

21. Ibrahim MM, Tarazi RC, Dustan HP, Bravo EL. Idiopathic orthostatic
hypotension: circulatory dynamics in chronic autonomic insufficiency.
Am J Cardiol 1974;34:288-94.

22. Shear L. Renal function and sodium metabolism in idiopathic orthostatic
hypotension. N Engl J Med 1963;268:347-52.

23. Wilcox CS, Aminoff MJ, Slater JDH. Sodium homeostasis in patients
with autonomic failure. Clin Sci Mol Med 1977;53:321-8.

24. Mohanty PK. Thames MD, Arrowood JA, Sowers JR, McNamara C,
Szentpetery S. Impairment of cardiopulmonary baroreflex after cardiac
transplantation in humans. Circulation 1987;75:914-21.




