
Giuseppe Mancia, Guido Grassi, Cristina Giannattasio and Gino Seravalle
Damage

Sympathetic Activation in the Pathogenesis of Hypertension and Progression of Organ

Print ISSN: 0194-911X. Online ISSN: 1524-4563 
Copyright © 1999 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Hypertension 
doi: 10.1161/01.HYP.34.4.724

1999;34:724-728Hypertension. 

 http://hyper.ahajournals.org/content/34/4/724
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

  
 http://hyper.ahajournals.org//subscriptions/

is online at: Hypertension  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer this process is available in the

click Request Permissions in the middle column of the Web page under Services. Further information about
Office. Once the online version of the published article for which permission is being requested is located, 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not the EditorialHypertensionin
 Requests for permissions to reproduce figures, tables, or portions of articles originally publishedPermissions:

 by guest on March 4, 2014http://hyper.ahajournals.org/Downloaded from  by guest on March 4, 2014http://hyper.ahajournals.org/Downloaded from 

http://hyper.ahajournals.org/content/34/4/724
http://hyper.ahajournals.org/content/34/4/724
http://www.ahajournals.org/site/rights/
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://www.lww.com/reprints
http://hyper.ahajournals.org//subscriptions/
http://hyper.ahajournals.org//subscriptions/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/


Sympathetic Activation in the Pathogenesis of Hypertension
and Progression of Organ Damage

Giuseppe Mancia, Guido Grassi, Cristina Giannattasio, Gino Seravalle

Abstract—Although animal models of hypertension have clearly shown that high blood pressure is associated with and is
probably caused by an increase in sympathetic cardiovascular influences, a similar demonstration in humans has been
more difficult to obtain for methodological reasons. There is now evidence, however, of increased sympathetic activity
in essential hypertension. This article will review this evidence by examining data showing that plasma norepinephrine
is increased in essential hypertension and that this is also the case for systemic and regional norepinephrine spillover,
as well as for the sympathetic nerve firing rate in the skeletal muscle nerve district. Evidence will also be provided that
sympathetic activation is a peculiar feature of essential hypertension, particularly in its early stages, with secondary
forms of high blood pressure not usually characterized by an increased central sympathetic outflow. Humoral, metabolic,
reflex, and central mechanisms are likely to be the factors responsible for the adrenergic activation characterizing
hypertension, which may also promote the development and progression of the cardiac and vascular alterations that lead
to hypertension-related morbidity and mortality, independent of blood pressure values. This represents the rationale for
considering sympathetic deactivation one of the major goals of antihypertensive treatment.(Hypertension.
1999;34[part 2]:724-728.)

Key Words: nervous system, sympatheticn hypertension, essentialn hypertension, secondaryn pressoreceptors
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Neural adrenergic factors have long been hypothesized to
be important in the initiation and maintenance of high

blood pressure (BP). For a long time, however, the evidence
supporting this hypothesis was largely limited to the results of
studies performed in different animal models of hypertension
(HT), in which an enhanced sympathetic drive to the heart
and peripheral circulation was shown either to trigger a
persistent BP elevation or to maintain the BP elevation
originally induced by nonadrenergic mechanisms.1–4 This
picture has changed in the past 20 years or so because a
variety of techniques that allow indirect or direct quantifica-
tion of adrenergic cardiovascular influences have all provided
evidence of an activation of the sympathetic nervous system
(SNS) in human HT as well. This article will review the
evidence that sympathetic activity is increased in essential
HT and that this increase may have a pathogenetic role. It will
also discuss 2 other issues, ie, (1) the mechanisms that lead to
sympathetic hyperactivity in essential HT and (2) the role
exerted by this hyperactivity in the progression of the
cardiovascular alterations that may complicate the hyperten-
sive state.

Evidence for Sympathetic Activation
In the past 30 years, several techniques designed to quantify
sympathetic cardiovascular influences in humans have shown

them to be increased in essential HT. More than 25 years ago,
for example, Julius and coworkers5 showed that the elevated
resting heart rate values of borderline-hypertensive subjects
were reduced by the intravenous administration of a
b-blocking drug (propranolol) to a more marked degree than
the lower heart rate of normotensive controls, suggesting that
in the early hypertensive stage, cardiac sympathetic drive is
enhanced. They further showed that after the subsequent
intravenous injection of a muscarinic receptor antagonist
(atropine), the increase in heart rate was less in borderline-
hypertensive than in normotensive individuals, supporting the
concept that at the cardiac level, an enhanced sympathetic
drive combines with a reduced parasympathetic one to make
the abnormality of neural cardiac control of borderline
hypertensives a composite one.

Further important information has then come from tech-
niques that assay in a sensitive fashion plasma levels of the
adrenergic neurotransmitter norepinephrine (NE), because of
the demonstration that these levels are low during sleep,
increase progressively from the supine to the upright position,
and increase from mild to moderate and severe exercise,
thereby correlating with behaviorally induced changes in
neural sympathetic drive in the cardiovascular system as a
whole.6 Although a number of early comparisons between
normotensive and hypertensive individuals led to negative
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From Cattedra di Clinica Medica (G.M., G.G., C.G.), Università di Milano, Ospedale S. Gerardo, Monza, Istituto Auxologico Italiano (G.M., G.S.),

and Centro di Fisiologia Clinica e Ipertensione (G.M., G.G.), IRCCS, Milano, Italy.
Correspondence to Prof Giuseppe Mancia, Clinica Medica, Ospedale S. Gerardo dei Tintori, Via Donizetti 106, Monza (Milan), Italy.
© 1999 American Heart Association, Inc.

Hypertensionis available at http://www.hypertensionaha.org

724  by guest on March 4, 2014http://hyper.ahajournals.org/Downloaded from 

http://hyper.ahajournals.org/
http://hyper.ahajournals.org/


results, a meta-analysis of all published data did show that
essential-hypertensive patients displayed plasma NE values
greater than those of normotensive individuals.7 This finding
has since been confirmed in several large-scale studies,
including 1 from our group,8 in which essential-hypertensive
subjects were found to have an average plasma NE level
significantly greater than that in normotensive individuals,
although with a large overlap between the 2 groups.

Sophisticated biochemical and neurophysiological ap-
proaches, such as the NE radiolabeled technique9 and the
microneurographic recording of efferent postganglionic sym-
pathetic nerve traffic from peroneal or brachial nerves,10 have
provided the evidence of sympathetic overactivity in human
HT that is even more solid. The NE radiolabeled approach is
based on intravenous infusion of small amounts of tritiated
NE, which allows tissue clearance of this substance to be
subtracted from plasma NE values and to make the remainder
a marker of the neurotransmitter “spillover” from the neu-
roeffector junctions. This “spillover” (which, though not
identical to it, mirrors in steady-state conditions the secretion
of NE from the sympathetic nerve terminals) was shown to be
greater in the general circulation of young hypertensive
subjects compared with age-matched normotensive individu-
als.9 It was also shown that in subjects with HT, NE spillover
is greater even when separately determined in the brain, heart,
and kidney, thereby pointing toward the existence of specific
overactivity in the organs of key importance for cardiovas-
cular modulation and performance.9–11

The results obtained by employing the microneurographic
approach, which allows sympathetic nerve traffic to be
recorded only in superficial nerves of the skin and/or muscle
district,10 can be summarized as follows. One, in normoten-
sive subjects with a family history of HT, sympathetic nerve
traffic may be increased.12 Two, subjects with borderline HT
display a number of sympathetic bursts over time (or cor-
rected for heart rate values) that is greater than that found in
normotensive controls.3,13,14Three, sympathetic nerve traffic
increases progressively from the normotensive to the moder-
ately and more severe essential-hypertensive state (Figure
1).15 Four, an increased number of sympathetic bursts char-
acterizes isolated systolic HT and pregnancy-induced HT.16,17

The fifth point, confirming previous findings of an increase in
urinary or plasma NE values,18,19 is that the same phenome-
non can be observed not only in obese hypertensive but also
in obese normotensive subjects.20,21 Thus, sympathetic over-
activity can be detected in hypertensive patients with differ-
ent degrees of BP elevation and of different ages. The very
initial hypertensive stages are by no means an exception,
which suggests that this phenomenon may have a role in both
the maintenance and the initiation of this condition.

Two further issues deserve to be mentioned. First, second-
ary forms of HT are not necessarily characterized by an
increased central sympathetic outflow. In primary aldosteron-
ism,22 adrenal pheochromocytoma, or renovascular HT,15 for
example, sympathetic nerve traffic has been found to be
similar to that of age-matched normotensive controls. Fur-
thermore, evidence has been provided that this traffic is
increased after surgical removal of pheochromocytoma23 or
after successful renal angioplasty,24 which may even imply
that some secondary forms of HT are accompanied by an
active central sympathoinhibition. This does not mean, how-
ever, that sympathetic cardiovascular influences are all in-
variably decreased. In renovascular HT, for example, an
active central sympathoinhibition may coexist with a stimu-
lation of NE secretion and an amplification of the adrenergic
receptor responsiveness to the elevated levels of angiotensin
II,25 making the overall autonomic cardiovascular modulation
more rather than less active. Second, the sympathetic over-
activity characterizing essential HT may not be generalized to
the whole cardiovascular system, as exemplified by the
evidence that both in mild and more severe essential-
hypertensive patients, the number of sympathetic bursts is
increased in fibers innervating skeletal muscle tissue but not
in fibers innervating the skin.21 This heterogeneous behavior
(which is also typical of obesity and heart failure21) may
originate from the peculiarity of the mechanisms that govern
skin vasomotor tone. This tone has been shown to exquisitely
depend on autonomic modulation, in response, however, not
from the baroreflex (as is muscle sympathetic tone4,8) but
from thermoregulatory centers located in the hypothalamus.26

It is possible that this modulation is more effectively pre-
served in disease because of the vital influence of temperature
control for body homeostasis.

Mechanisms Responsible for
Sympathetic Overactivity

The mechanisms responsible for the sympathetic activation
occurring in essential HT have not been conclusively deter-
mined. Several possibilities can be discussed, however. One
possibility is that activation of the SNS depends on the
circulating angiotensin II concentrations, because angiotensin
II has repeatedly been documented to exert excitatory effects
on sympathetic outflow, to facilitate NE release from adren-
ergic nerve endings, and to amplify adrenergic receptor
responsiveness to stimuli.25 This may occur not only in
individuals with high renin and angiotensin II levels (about
one fourth of the hypertensive population) but also in low-
renin patients, as the sympathetic enhancement of angiotensin
II has been described in both normal and low-renin condi-
tions, possibly because tissue production of this substance is

Figure 1. Values of mean arterial pressure (MAP),
heart rate (HR), and muscle sympathetic nerve activ-
ity (MSNA) in normotensive subjects (n515, open
histograms), in moderate essential hypertensives
(n514, closed histograms), and in age-matched
more severe essential hypertensives (n514, dashed
histograms). Data are shown as mean6SEM.
**P,0.01, statistically significant between groups.
Modified from Reference 15, with permission.
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involved. Another possibility is that the cause of sympathetic
hyperactivity in HT is insulin resistance because this frequent
concomitant of a high-BP state leads to hyperinsulinemia,
which is known to either increase sympathetic nerve traffic or
to stimulate NE secretion from the sympathetic nerve end-
ings, all effects being greater in subjects with HT.27,28 It
should be emphasized, however, that sympathetic activation
has in turn been shown to cause insulin resistance,29,30so that
it is still uncertain which of the 2 alterations precedes and
determines the other. In a recent longitudinal study by
Japanese investigators, an increase in plasma NE was seen
years before the increase in plasma insulin levels also became
manifest,31 suggesting the derangement in glucose metabo-
lism to follow rather than precede the sympathetic
derangement.

Two additional possibilities also need to be briefly men-
tioned. The first 1 maintains that activation of the SNS has a
central nature; ie, it depends on an excessive hypothalamic
drive due to excessive environmental stimuli and/or an
inherent subcortical hyperresponsiveness to an otherwise
“normal” environment.1,4 However, in essential-hypertensive
subjects, heart rate, BP, and vascular responses to laboratory
stressors have more often been shown to be normal than
abnormal, both in the established and in the initial or even
prehypertensive stage.32 Furthermore, the studies that have
tried to determine whether an initial hyperresponsiveness to
stress more frequently leads to permanent HT (possibly
through a period of an increased BP variability) have been in
all instances retrospective and uncontrolled. Finally, it has
been more and more widely seen that quantification of tissue
responsiveness to stress is encumbered with methodological
difficulties because (1) the hemodynamic responses to labo-
ratory stressors have a limited reproducibility,32 (2) an exces-
sive pressor and tachycardic response to a given stress may
not reflect an excessive response to all stressful stimuli,33 and
(3) cardiovascular reactivity to laboratory stressors bear only
a limited relationship with BP variability as measured in daily
life conditions.33 Thus, although verified in animal models of
HT and appealing to both investigators and patients, the
possibility of a central and stress-related origin of essential
HT must be regarded as unproven.

The second possibility maintains that the activation of the
SNS accompanying HT is due to impairment of a reflex that
restrains sympathetic tone to an important degree, ie, the
arterial baroreflex.34 This hypothesis has received support
from animal and human studies that have shown that when
BP is chronically elevated, the baroreceptor ability to modu-

late vagal tone undergoes early impairment,34 which becomes
progressively more evident as HT becomes more severe.
However, carotid baroreceptor modulation of BP had in 1978
been shown to be similar in normotensive, mild hypertensive,
and more severe essential-hypertensive subjects, who all
showed similar depressor and pressor responses to carotid
baroreceptor stimulation and deactivation obtained via a neck
chamber device, ie, by increasing and reducing baroreceptor
activity above and below the existing level of activity by
increasing and reducing carotid transmural pressure.35 Fur-
thermore, recent data have clearly documented that when BP
is progressively increased or reduced by stepwise intravenous
infusions of nitroprusside or phenylephrine, the degree of
reflex sympathoexcitation and inhibition is superimposable in
normotensive, mild hypertensive, and more severe essential-
hypertensive individuals, findings that are at variance with
the concomitant reflex changes in heart rate, which have been
shown to be markedly reduced in the latter 2 groups.15

This finding should not be interpreted, however, to imply
that the adrenergic activation of HT has no relationship with
reflex sympathetic modulation whatsoever. Essential HT is
characterized by a resetting of the arterial baroreflex modu-
lation of BP and sympathetic nerve traffic toward the elevated
BP values (ie, by a displacement to the right from normoten-
sion to hypertension of the curve relating BP and sympathetic
nerve traffic), a phenomenon that operates to maintain, rather
than reduce, the BP increase.15,34,35 In addition, the tonic
inhibitory restraint exerted by cardiac volume receptors on
sympathetic drive to skeletal muscle vessels, NE and renin
release can be impaired in HT.35 This was documented by our
group in a study36 in which rapid changes in forearm vascular
resistance, plasma NE, and plasma renin activity to cardiac
receptor stimulation (induced by an increase in central venous
pressure due to passive leg raising) and deactivation (induced
by a reduction in central venous pressure due to nonhypoten-
sive lower-body negative pressure) were evaluated in normo-
tensive and essential-hypertensive subjects without and with
echocardiographic evidence of left ventricular hypertrophy.
As shown in Figure 2, compared with normotensive controls,
all responses were slightly reduced in hypertensive subjects
without left ventricular hypertrophy but were markedly im-
paired in patients in whom the high-BP state was accompa-
nied by an increased thickness of cardiac walls. It thus
appears that reflex mechanisms may participate in the sym-
pathetic activation of essential HT, although so far as the
cardiogenic reflex is concerned, its role may be a later rather
than an earlier one, with implications that thus deal more with

Figure 2. Changes in forearm vascular
resistance (DFVR), plasma norepinephrine
(DNE), and plasma renin activity (DPRA)
induced by nonhypotensive lower-body neg-
ative pressure and passive leg raising in nor-
motensive subjects (n510, open histograms)
and in essential-hypertensive patients with-
out (n510, closed histograms) and with
(n510, dashed histograms) echocardio-
graphically detected left ventricular hypertro-
phy. Data are shown as mean6SEM.
*P,0.05, **P,0.01 statistically significant
between groups. Modified from Reference
36, with permission.
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the maintenance than with the initiation of HT. In this
context, it should be mentioned that the cardiogenic reflex
participation in the later phases of HT may be nonspecifically
related to cardiac hypertrophy rather than to HT “per se,”
because a similar impairment of reflex responses to cardiac
receptor stimulation and deactivation has been observed in
normotensive athletes with a marked “physiological” cardiac
hypertrophy.37

Sympathetic Activation and Organ Damage
Studies performed both in animal models of HT and in
essential human HT have shown that sympathetic factors are
also involved in the progression of the cardiovascular struc-
tural alterations accompanying high BP.1,4 For example, it has
been shown that addition of adrenergic agonists to the
perfusing medium stimulates the in vitro growth of myocytes
as well as the replication of vascular smooth muscle cells,
both phenomena being blocked by the simultaneous admin-
istration of adrenergic antagonists.38,39 Furthermore, the pro-
gression and regression of left ventricular hypertrophy have
been shown to depend not only on BP (and cardiac load)
levels but also on the increase, in the former case, and the
reduction, in the latter case, of cardiac sympathetic drive.40,41

Finally, the arteriolar remodeling that characterizes HT and
makes the elevation of total peripheral resistance partly
dependent on structural factors, ie, an increased wall-to-
lumen ratio, has been found to be much less marked in vessels
subjected to sympathetic denervation than in normally inner-
vated ones.39,42 The mechanisms through which this is pro-
duced are likely to be multifold. Clearly, a direct influence
of the SNS on the volume of myocytes, the replication
of smooth muscle cells, and collagen synthesis are in-
volved.1–4,42–44In facilitating the above-mentioned structural
alterations, however, the SNS may also operate indirectly.
That is, it may favor cardiac hypertrophy and vascular
remodelling beyond an effect on BP, by increasing, for
example, BP variability throughout the 24-hour cycle, given
the evidence that BP variability depends on sympathetically
mediated behavioral influences on the heart and peripheral
circulation.43 Additionally, it may increase cardiac and renal
load by increasing blood viscosity.44 This has long been
shown to be a typical “sympathetic” effect, because under
conditions of increased sympathetic drive, hematocrit is
increased.44

Two final points deserve to be discussed. One, by promot-
ing vascular smooth muscle cell replication, activation of the
SNS can favor the atherogenic process because smooth
muscle cell replication precedes their migration to the intima
and transformation to macrophages, thereby representing a
key element in the cascade of events leading to the estab-
lished atherosclerotic plaque.45 Two, we have shown in rats
that carotid and femoral artery distensibility is increased by
sympathectomy.46 We have shown that this is also the case in
humans in whom radial artery and femoral artery distensibil-
ities were found to increase markedly after removal of
adrenergic tone by anesthesia of the brachial plexus and the
spinal cord, respectively.47 This is presumably due to a
sympathetically mediated contraction of vascular smooth
muscle, because contracted muscle tissue is less prone to

distension for intravascular pressure than is muscle tissue in
a relaxed state.39 Additionally, it may be due to the viscoelas-
tic properties of the arterial wall that give its distensibility
considerable inertia. This effect operates to stiffen the arteries
even when heart rate increases, as occurs when the SNS is
activated.48

Conclusions
The studies reviewed in this article provide evidence that the
SNS is activated in essential HT and that this activation
occurs early in the clinical course of this disease. The
mechanisms responsible for sympathetic activation remain to
be established, although stimulation by humoral factors and
alterations in reflexes restraining sympathetic tone should be
seriously considered. Finally, evidence is also available that
adrenergic activation may be involved in the progression of
the structural cardiovascular alterations characterizing HT,
including atherosclerosis. These findings explain why sym-
pathetic deactivation continues to represent one of the major
goals of antihypertensive treatment.

References
1. Folkow B. Physiological aspects of primary hypertension.Physiol

Rev. 1982;62:347–504.
2. Oparil S. The sympathetic nervous system in clinical and experimental

hypertension.Kidney Int. 1986;30:4437–4452.
3. Mark AL. The sympathetic nervous system in hypertension: a potential

long-term regulator af arterial pressure.J Hypertens. 1996;14(suppl
5):S159–S165.

4. Mancia G. Bjorn Folkow Award Lecture: the sympathetic nervous system
in hypertension.J Hypertens. 1997;15:1553–1565.

5. Julius S, Pasqual AV, London R. Role of parasympathetic inhibition in
the hypokinetic type of borderline hypertension.Circulation. 1971;44:
413–418.

6. Watson RDS, Hamilton CA, Reid JL, Littler WA. Changes in plasma
norepinephrine, blood pressure and heart rate during physical activity in
hypertensive man.Hypertension. 1979;1:341–346.

7. Goldstein DS. Plasma catecholamines and essential hypertension: an
analytical review.Hypertension. 1983;5:86–99.

8. Grassi G. Role of the sympathetic nervous system in human hypertension.
J Hypertens. 1998;16:1979–1987.

9. Esler MD, Lambert G, Jennings G. Regional norepinephrine turnover in
human hypertension.Clin Exp Hypertens. 1989;11(suppl 1):75–89.

10. Vallbo AB, Hagbarth KE. Activity from skin mechanoreceptors recorded
percutaneously in awake human subjects.Exp Neurol. 1968;21:270–289.

11. Ferrier C, Esler MD, Eisenhofer G, Wallin G, Horne M, Cox H, Lambert
G, Jennings GL. Increased norepinephrine spillover into cerebrovascular
circulation in essential hypertension: evidence of high central nervous
system norepinephrine turnover?Hypertension. 1992;19:62–69.

12. Yamada Y, Miyajima E, Tochikubo O, Matsukawa T, Shionoiri H, Ishii
M, Kaneko Y. Impaired baroreflex changes in muscle sympathetic nerve
activity in adolescents who have a family history of essential hyper-
tension. J Hypertens. 1988;6(suppl 4):S526–S528.

13. Anderson EA, Sinkey CA, Lawton WJ, Mark AL. Elevated sympathetic
nerve activity in borderline hypertensive humans: evidence from direct
intraneural recordings.Hypertension. 1988;14:1277–1283.

14. Floras JS, Hara K. Sympathoneural and haemodynamic characteristics of
young subjects with mild essential hypertension.J Hypertens. 1993;11:
647–655.

15. Grassi G, Cattaneo BM, Seravalle G, Lanfranchi A, Mancia G. Baroreflex
control of sympathetic nerve activity in essential and secondary hyper-
tension.Hypertension. 1998;31:68–72.

16. Grassi G, Dell’Oro R, Bertinieri G, Turri C, Stella ML, Mancia G.
Sympathetic nerve traffic and baroreflex control of circulation in systodi-
astolic and isolated systolic hypertension of the elderly.J Hypertens.
1999;17(suppl 3):s45–s46. Abstract.

17. Greenwood JP, Stoker JB, Walker JJ, Mary DA. Sympathetic nerve
discharge in normal pregnancy and pregnancy induced hypertension.
J Hypertens. 1988;16:617–624.

Mancia et al Sympathetic Overactivity in Hypertension 727

 by guest on March 4, 2014http://hyper.ahajournals.org/Downloaded from 

http://hyper.ahajournals.org/
http://hyper.ahajournals.org/


18. Troisi RJ, Weiss ST, Parker DR, Sparrow D, Young JB, Landsberg L.
Relation of obesity and diet to sympathetic nervous system activity.
Hypertension. 1991;17:669–677.

19. Young JB, Macdonald IA. Sympathoadrenal activity in human obesity:
heterogeneity of findings since 1980.Int J Obes. 1992;16:959–967.

20. Grassi G, Turri C, Dell’Oro R, Seravalle G, Colombo M, Mancia G.
Sympathetic and reflex abnormalities in obesity-related hypertension.
J Hypertens. 1999;17(suppl 3):s14–s15. Abstract.

21. Grassi G, Colombo M, Seravalle G, Spaziani D, Mancia G. Dissociation
between muscle and skin sympathetic nerve activity in essential hyper-
tension, obesity and congestive heart failure.Hypertension. 1998;31:
64–67.

22. Miyajima E, Yamada Y, Yoshida Y, Matsukawa T, Shionoiri H,
Tochikubo O, Ishii M. Muscle sympathetic nerve activity in renovascular
hypertension and primary aldosteronism.Hypertension. 1991;17:
1057–1062.

23. Grassi G, Seravalle G, Turri C, Mancia G. Sympathetic nerve traffic
responses to surgical removal of pheochromocytoma.Hypertension.
1999;34:461–465.

24. Morlin C, Fagius J, Hagg A, Lorelius LE, Niklasson F. Continuous
recording of muscle nerve sympathetic activity during percutaneous
transluminal angioplasty in renovascular hypertension in man.
J Hypertens. 1990;8:239–244.

25. Mancia G, Saino A, Grassi G. Interactions between the sympathetic
nervous system and renin angiotensin system. In: Laragh JH, Brenner
BM, eds.Hypertension: Pathophysiology, Diagnosis and Management.
New York, NY: Raven Press; 1995:399–407.

26. Rowell LB. Cardiovascular adjustments to thermal stress. In: Shepherd
JT, Abboud FM, eds.Handbook of Physiology: The Cardiovascular
System, sect 2, vol III: Peripheral Circulation and Organ Blood Flow.
Bethesda, Md: American Physiological Society; 1983:967–1023.

27. Anderson EA, Hoffman RB, Baron TW, Sinkey CA, Mark AL. Hyper-
insulinemia produces both sympathetic neural activation and vasodilation
in normal humans.J Clin Invest. 1991;87:2246–2252.

28. Rowe JW, Young JB, Minaker KL, Stevens AL, Pallotta J, Landsberg L.
Effects of insulin and glucose infusion on sympathetic nervous system
activity in normal man.Diabetes. 1981;30:219–225.

29. Jamerson KA, Julius S, Gudbrandsson T, Andersson O, Brant DO. Reflex
sympathetic activation induces acute insulin resistance in the human
forearm.Hypertension. 1993;21:618–623.

30. Lembo G, Capaldo B, Rendina V, Iaccarino G, Napoli R, Guida R,
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