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ABSTRACT

THE EFFECTS OF ANGIOTENSIN II-INDUCED
HYPERTENSION ON THE BARORECEPTOR REFLEX

By

Mark Gregory Tagett

The overall ability of the arterial baroreflex to regulate blood
pressure (BP) has not been monitored during the development of chronic
hypertension., Furthermore, the relative contributions of sympathetic
and parasympathetic mechanisms to baroreflex responses have not been
appropriately elucidated in hypertension. In this study, normotensive
dogs with intact or denervated aortic depressor nerves were surgically
prepared so that the carotid sinus regions could be reversibly isolated
from the systemic circulation and exposed to controlled, static
pressures. Complete stimulus-response relations were determined for the
effects of carotid sinus pressure on BP and heart rate during acute
infusions of angiotensin II (AII) (300, 600, 1200 ng/min.), and chronic
infusions of AII at 5.0 ng/kg/min. (3-6 weeks). The effects of various
autonomic antagonists on the resting level of BP and on the carotid
baroreflex stimulus-response relations were determined before and after
chronic AII-induced hypertension. The results of this study are
significant because they reveal that the changes in the baroreflex which
accompany AIl-induced hypertension are not time dependent, but rather

pressure dependent. The baroreflex rapidly adapts to the elevated BP,



which may in part be caused by AII-induced stimulation of
baroreflex-independent pressor pathways. The baroreflex thus maintains
its ability to regulate BP on a moment-to-moment basis. Furthermore, in
both normotension and hypertension, parasympathetic activation is the
predominant mechanism by which the baroreflex decreases BP, Sympathetic
mechanisms make a contribution to reflex increases in BP, particularly
in aortic-denervated dogs. Thus, although the baroreflex is reset in
conjunction with the elevated BP in salt-AII hypertension, the balance
between sympathetic and parasympathetic contributions to the baroreflex

is unaltered.



Men, in fact, desire from science nothing else
but the benefits; not the arguments, but the
definitions. Accordingly, our intention in
this book is to shorten long-winded discourses
and synthesize the various ideas. Our intention
also, however, is not to neglect the advice of
the ancients.

Ibn Botlan, "the Physician,"

from the preface to the

Tacuinum Sanitatis

(15th century)
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INTRODUCTION

The Baroreceptor Reflex-General

Development of the Experimental Question

Despite numerous studies, the role of the arterial baroreceptor
reflex (baroreflex) in the genesis of naturally occuring and
experimental hypertension remains an enigma. This dissertation concerns
a study of the baroreflex during the development and maintenance of
experimental hypertension in dogs, which was brought about by combining
a diet high in salt with a continuous infusion of angiotensin II. Two
underlying experimental questions were addressed: 1) what is the
magnitude and timecourse of baroreflex resetting during the development
of salt-AII hypertension, and 2) what are the relative contributions of
sympathetic and parasympathetic mechanisms to the support of the
hypertensive level of arterial blood pressure and to reflex alterations
in that pressure.

The term baroreceptor reflexes is sometimes employed to designate
all the reflexes arising from stretch receptors in the cardiovascular
system. The arterial baroreceptor reflex, the carotid baroreflex in
particular, has been most extensively investigated (Kircheim, 1976); the
aortic baroreflex has been relatively neglected, mainly because of the

difficulties encountered in the surgical isolation of the aorta. The
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term baroreflex, in this text, will be used collectively to represent
the aortic depressor reflex and the carotid sinus reflex unless
otherwise prefixed.

The arterial baroreflex exerts inhibitory control of tonic
sympathetic activity and excitatory control on tonic parasympathetic
activity via the cardiovascular centers of the medulla. The French
physician Etienne Marey, first described the inverse relationship
between imposed changes in arterial blood pressure and the resultant
changes in heart rate in 1859. This discovery was soon followed by the
first description of the aortic depressor nerves, which are responsible
for the bradycardia and diminution of peripheral resistance that results
form elevation of pressure in the aortic arch. This depressor
phenomenon, originally discovered by Cyon and Ludwig in 1866, and
demonstrated to be reflex in origin by Eyster and Hooker in 1908,
provided an early example of a negative feedback mechanism (cf. Heymans
and Neil, 1958). It was not until 1923 that Hering definitively
demonstrated the carotid sinus reflex, which, in conjunction with the
aortic depressor reflex, makes up an unusually powerful control system
that regulates arterial blood pressure.

The baroreceptor reflex is the predominant regulator of blood
pressure under normal circumstances, because it is the only blood
pressure regulator with sufficient speed to respond to the
moment-to-moment perturbations of blood pressure that result from
transient stimuli such as postural changes, emotions, sexual activity,
exercise, and eating. The renal and humoral mechanisms which also are
involved with blood pressure control are too slow to respond efficiently

to these stimuli (Brown, A.M., 1980).
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Much of our knowledge concerning the baroreceptor reflex has been
gained from experiments in which the reflex arc has been artificially
isolated and one component part - the baroreceptor properties, afferent
signals, central processing, efferent signals, or effector activity - is
identified and examined. This method of analysis has also been almost
exclusively utilized in studying the baroreflex under hypertensive

conditions.

The Components of the Baroreflex Arc in Normotension

and Hypertension

The Baroreceptors

Baroreceptors differ not only among themselves, but baroreceptors
in hypertensive animals also differ from those of normotensive animals
(McCubbin, 1956). One factor common to naturally occuring hypertension
and to the different types of experimental hypertension that have been
produced in different species, is baroreceptor resetting. McCubbin
(1956) and Kezdi (1967) have used the term resetting to indicate that in
renal hypertension the carotid sinus baroreceptors respond over an
elevated range of pressure. Subsequent workers confirmed baroreceptor
resetting for the rat (Krieger and Marseillan, 1966), rabbit (Aars,
1968a), and dog (Sleight et al.,1975). Adaptation to a sustained
stimulus is a property that all peripheral mechanoreceptors display to a
certain extent (Landgren, 1952; Mountcastle, 1980). Receptor resetting
effectivley alters the set point for the arterial baroreceptor reflex.
The exact adaptation rate of receptor resetting with respect to mean

arterial pressure changes has not been satisfactorily determined.
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Peripheral (baroreceptor) resetting must be distinguished from central
resetting, which can ocurr almost instantaneously (Korner, 1971).

It is not clear whether baroreceptor resetting is due to changes in
mechanical properties of the arterial wall, to changes in the receptors
themselves, or both., Methods to elucidate this question have involved
studying baroreceptor resetting under three sets of circumstances:
established hypertension (McCubbin et al., 1956; Aars, 1968a), early
hypertension (Brown et al., 1976), and following acute, mechanically
induced changes in arterial pressure (Krieger, 1970).

In classic experiments on established renal hypertension, McCubbin
et al. (1956) used electroneurographic techniques to demonstrate that
the relationship between carotid baroreceptor impulse frequency and
applied pressure is reset to the higher level, such that the threshold
and saturation pressures are both increased. A similar resetting was
subsequently confirmed in various models of chronic hypertension
(McCubbin, 1958; Kezdi, 1962; Nosaka and Wang, 1972; Angell-James, 1973;
Brown et al., 1976; Floral and Jones, 1979). Furthermore, the
sensitivity of the baroreceptors to changes of pressure (Aars, 1968a;
Angell-James, 1973; Sleight et al., 1975), as well as the maximum firing
frequency (Sleight et al., 1975), are both reduced. These changes were
shown to occur over days and weeks and to result from the direct effects
of higher distending pressure. Resetting was accompanied, in some
cases, by structural alterations in the vessel walls. The fact that
elevated pressure, and not humoral influences, was responsible for
baroreceptor resetting was elegantly shown by Kezdi et al. in 1972.

They anastomosed one carotid sinus to the adjacent jugular vein and left
the opposite sinus intact. Renal hypertension was then induced by

cellophane perinephritis. The anastomosed sinus was exposed to the same
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humoral and neurogenic influences as the opposite carotid sinus; yet it
was protected from the elevated arterial pressure. After 6 months they
measured nerve activity from both carotid sinuses and found that the
unprotected sinus had reset, whereas the protected one had not. This
experiment indicated clearly that increased distending pressure is
involved in the resetting process and excluded a significant
contribution of circul ating hormones or neurogenic influences. Although
the renin-angiotension system has been implicated in various forms of
hypertension, a direct action of angiotensin II on the baroreceptors has
been refuted (McCubbin et al., 1957; Buckley, 1972; Lumbers et al.,
1979; Stein et al., 1984).

It is currently accepted that the elastic properties of the
arterial wall are altered in established hypertension. The
demonstration of increased sodium and water content in the common
carotid arteries of renal hypertensive rats (Tobian and Redleaf, 1958)
and the arteries of hypertensive dogs (Jones et al., 1964), led to the
suggestion by Jones (1964) and Tobian et al. (1969) that these changes
in vascular water and electrolyte balance might stiffen the walls of the
baroreceptor areas and thus account for baroreceptor resetting. A
decreased compliance of the baroreceptor regions may also be caused by
increased deposition of elastin and collagen in the arterial media
(Wolinski, 1970).

Kezdi et al. (1972), in the experiment mentioned above, measured
the sodium and water content in the walls of the carotid sinuses and
found that there was an increased sodium concentration in the sinus
exposed to a raised arterial pressure, but not in the protected sinus.
However, the hypertensive sinus was found to be more distensible that

normal in his experiments. In contrast, Aars (1968b) and Angell-James
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(1973) demonstrated that the aortae of hypertensive rabbits were less
distensible than their normotensive controls, and that this could
account for baroreceptor resetting (Aars, 1969). Many of the
experiments on baroreceptor resetting have utilized renal hypertensive
models. However, Angell-James (1974a,b) also found impaired receptor
activity and reduced vessel distensibilty in rabbits in which pronounced
structural changes were induced by vitamin D sclerosis. The high
cholesterol diet caused mild hypertension, impaired baroreceptor
sensitivity, and degeneration of receptor endings.

The possibility that baroreceptor resetting is produced primarily
by damage to the receptor ending in hypertension has been supported by
Hilgenberg (1958) and Abraham (1969); however, others have refuted this
explanation (Rees et al., 1978; Kraughs et al., 1979). To explore the
possibility of baroreceptor damage as a result of elevated pressure,
Salgado and Krieger (1973) recorded baroreceptor thresholds in rats with
renal hypertension of approximately two months and then removed the
clips from the renal arteries. They postulated that receptor damage
would not be reversible. Therefore, if a downward resetting could be
demonstrated after removal of the renal artery clips, this would imply
that no nerve damage had occurred and that resetting was due to changes
in the vessel wall. They observed that the pressure range for
baroreceptor activation shifted down toward normal within 6 hours. 1In
contrast Kezdi (1973) found downward resetting in only one of five
animals 4 to 5 weeks after the cessation of chronic renal hypertension,
Similarly, Sleight et al. (1972) reported that downward resetting in
dogs' carotid sinuses took longer than four days and appeared to be
related to both the level of pressure and the duration of the

hypertension. Therefore, it is not yet known whether the resetting
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process, in established hypertension, is the result of receptor damage
in addition to structural adaptation of the arterial wall, Furthermore,
the possibility of uncoupling of the receptor from the vessel wall has

not been excluded (Brown, A.M., 1980).

The Role of the Aortic Baroreceptors

The role of the aortic baroreceptors in regulating blood pressure
is controversial. It has been evident for over one hundred years that
temporary loss of carotid baroreceptor activity produces an elevation in
arterial pressure. However, in many species, bilateral section of the
aortic depressor nerves causes little change in arterial blood pressure.
This fact has led to the assumption that the threshold pressure required
to activate aortic baroreflex responses exceeds the normal arterial
pressure. Edis (1971) studied the response of anesthetized dogs to
hemorrhage and concluded that the aortic baroreflex has little role in
normotensive or hypotensive situations and functions primarily in an
anti-hypertensive role. Pelletier et al. (1972) narrowed this
conclusion to just the aortic baroreceptors themselves.

The carotid sinus and aortic arch baroreceptors also appear to
differ with respect to the location of the receptor endings in relation
to structural components of the vessel wall. Receptors in the carotid
sinus appear to be situated between the collagen fibers of the
adventitia parallel to the long axis of the vessel (cf. Ferrario and
Takashita, 1983). However, in the aortic arch the receptor endings are
parallel to the fibrous elements (Abraham, 1969). A correlation between
receptor location and physiological function has yet to be proven.

Most electrical recordings of afferent activity in baroreceptor

fibers were performed on the large myelinated fibers (type A) arising
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from the carotid sinus and aortic arch. However, unmyelinated C fibers
exist in both the carotid sinus nerves and aortic nerves, and in fact
prevail in number (Fidone and Sato, 1969). Analysis of both fiber
types, in rabbits and rats, has demonstrated that the myelinated fibers
have thresholds below ambient arterial pressure and that the
unmyelinated fibers only begin to discharge at arterial pressures above
normal (Jones and Thoren, 1977; Aars et al., 1978). In chronic renal
hypertension the A fibers are fully reset whereas the C fibers are reset
to a lesser extent (Jones and Thoren, 1977). Thus, it appears that C
fiber afferents only exert a buffering influence during periods of

elevated pressure.

The Central Nervous System

Following the mechano-electrical transduction in the baroreceptors
the afferent discharge is conducted to the brain stem by way of the
carotid sinus nerves and the aortic depressor nerves. The fibers of the
primary baroreceptor neurons travel among the other fibers of the IXth
and Xth nerves. The somata of the primary afferents are located in the
petrosal and nodose ganglia respectively. The primary afferents reach
the medulla oblongata laterally at a level close the obex and descend to
synapse in both the medial and lateral caudal aspects of the nucleus
tractus solitarius (NTS) (Palkovits and Zaborszky, 1977). Beyond this
point the neurocircuitry of the baroreflex becomes increasingly unclear.
Even the exact identity of the neurotransmitter which is released by the
primary baroreceptor afferents is uncertain; although Reis et al. (1980)
have suggested that l-glutamate is a likely candidate. Better knowledge
of baroreflex cardiovascular control mechanisms requires further

neuroanatomical studies.
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The neurocircuitry exists within the central nervous system for
resetting the baroreflex. The central neural circuitry of the
baroreflex can display a great deal of plasticity. Changes in afferent
baroreceptor activity have been suggested to alter properties of central
neurons by means of ion accumulations and depletions, changes in the
electrogenic pump activity (Kruz et al., 1975), as well as by slow
synaptic transmission (Spencer, 1970). In fact, resetting of the
central components of the baroreflex have been shown to occur within 20
to 90 seconds (Richter et al., 1970).

Resetting within the central nervous system however, is not
necessarily pathogenic but rather the appropriate physiological response
under normal circumstances. For example, activation of the hypothalamic
ndefence area" may reset the reflex to a higher pressure level
(Humphreys and Joels, 1972). Central resetting has also been
demonstrated during sleep, exercise, arterial hypoxia, and in patients
with high cervical cord transections.

Central resetting of the baroreflex imparts flexibility to the
blood pressure control system in response to different somatosensory
stimuli. However, sustained central resetting may augment sympathetic
nervous activity and lead to vascular hypertrophy, a reduced wall to
lumen ratio, and an elevated vascular resistance., Ultimately these
changes may become independent of the initial stimulus and result in
chronic hypertension (Folkow, 1982)., Three major lines of evidence
suggest that the central nervous system is involved in human essential
hypertension: 1) the occurence in some hypertensive patients of elevated
levels of circulating catecholamines (DeQuattro and Miura, 1973), 2) the
efficacy of certain centrally acting drugs, such as clonidine and

alpha-methyldopa, in the treatment of human hypertension (DeJong and
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Ni jkamp, 1976), and 3) the demonstration in some hypertensives of
arterial pressure lability and exaggerated reactivity of arterial
pressure to environmental stimuli (Littler et al., 1972).
Experimentally, attemps to produce chronic hypertension by manipulating
the central nervous system and its reflex mechanisms have involved
facilitation of sympathetic drive or withdrawal of sympathetic
inhibition. Attempts to produce chronic hypertension by augmenting
sympathetic discharge have had limited success. Some of these studies
involved chronic, subthreshold electrical stimulation of the posterior
or lateral hypothalamus (Folkow and Rubenstein, 1966), chronic brain
ischemia (Dickinson, 1965), and chronic emotional stress or classical
conditioning (Folkow and Rubenstein, 1966). In general, these
experimental protocols created an elevated arterial pressure during the
period of stimulation. However, the pressure gradually returned to or
towards normal after the stimulation was terminated.

Greater success in the production of sustained hypertension has
been obtained by experimental withdrawal of inhibitory input on the
sympathetic nervous system. Until recently, the majority of studies
have attemped to reduce sympathetic inhibition by chronic denervation of
the arterial baroreceptors. The effects of chronic baroreceptor
denervation have been studied in rats, rabbits, cats, and dogs for many
years. Elevated blood pressure following chronic denervation of
baroreceptors was unquestioned until it was observed that the mean level
of arterial pressure, averaged over extended periods from continuous
recordings, generally was not elevated. Rather arterial blood presure

in baroreceptor-denervated dogs exhibited increased lability and
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exaggerated reactivity (Cowley et al., 1980). However, Ito and Scher
(1981) continue to provide evidence that baroreceptor denervation
induces a mild, but real hypertension.

Clearer success in inducing chronic hypertension has been obtained
by placing lesions in particular brain regions that participate in tonic
sympathoinhibition. Electrolytic destruction of the NTS in rats is
characterized, after recovery from anesthesia, by a lethal fulminating
hypertension. The increase in blood pressure is the result of an
increased total peripheral resistance, which leads to cardiac failure,
pulmonary edema, and finally death within four to six hours (Reis et
al., 1977). The same lesion in cats results in an acute elevation in
blood pressure; however, the majority of the animals survive with
average arterial pressure reaching normal values within 24 hours.
Nevertheless, cats with NTS lesion exhibit marked pressure lability,
exaggerated pressure reactivity, little or no baroreceptor function,
sustained tachycardia, and eventual sustained hypertension (Reis, 1980).
Similar findings are seen in the anesthetized dog (Laubie and Schmitt,
1979). A more profound elevation in arterial pressure was observed,
using a classical conditioning paradigm, in cats with NTS lesion (Nathan
et al., 1978). Preservation of the baroreflexes in combination with
arterial blood pressure lability has been produced by Reis et al. (1979)
following lesions of A2 nerve terminals with 6-OHDA, The neurons of the
A2 cell group, located within the NTS caudal to the area postrema,
innervates the NTS. Stimulation of the A2 cell group is believed to
enhance baroreceptor sympathoinhibition. The effects of the selective
lesion of this cell group has led Reis et al. (1979) to hypothesize that

for stress to produce hypertension, baroreflex integration must be
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impaired, and that further research is warrented concerning the
neurobiology of monoamine neurons which regulate blood pressure in the
central nervous systen.

All the components of the renin-angiotensin system are present in
the brain, including in areas that have been proposed to modulate the
baroreceptor reflex. It has been demonstrated that isorenin and
angiotensin II (AII) are located in some nerve terminals as well as
synaptosome fractions of brain homogenates that also contain
catecholamines. It has also been observed that there is considerable
overlap in the distribution of AII and norepinephrine in the brain (ef.
Strahlendorf and Strahlendorf, 1980; Ganong, 1984). Therefore, it has
been proposed that a major function of the brain renin-AII system is the
adjustment of the activity of monoaminergic baroreflex modulation
centers,

Several circumventricular organs are located adjacent to receptors
for AII. The area postrema is required for the centrally mediated
pressor response to blood-borne AII in the dog, cat, and rabbit. The
area postrema is located just rostral to the obex on each side of the
fourth ventricle. Afferent fibers are received from NTS and spinal
cord, and area postrema efferents have been traced to the medial NTS
(Carpenter, 1978). Ferrario et al. (1972) have implicated the area
postrema as a site at which subpressor doses of AII, as well as pressor
doses administered into the vertebral artery (Fukiyama et al. 1971),
evoke elevations in blood pressure that can be sustained.

In the rat, the area postrema is not involved in the central
pressor responses to AII., Rather, the AII receptor areas are located in
the hypothalamus; specifically in the anteroventral region of the third

ventricle (AV3V). A relationship between two circumventricular organs,
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the organum vasculosum of the lamina terminalus (OVLT) and the
subfornical organ (SFO), has been demonstrated. The pressor effect of
intracerebroventricular administration of AII is dependent on access to
the AV3V and the integrity of both the AV3V and the OVLT. Furthermore,
the AV3V and the SFO mediate the pressor actions of blood-borne AII
(Brody et al., 1980). Therefore, AII in the blood stream or in the CSF
can modulate central catecholaminergic mechanisms and can effect an
increase in blood pressure,

Uncertainty persists as to the mechanism by which AII exerts its
central pressor effect. Differences in experimental results can be
attributed to species (subspecies) differences, mode of AII
administration, the presence or absence of anesthesia, and the type of
anesthesia. Independent, but contemporaneous work by two groups of
investigators suggested two different mechanisms of action in the same
species. Scroop and Lowe (1969) showed that infusion of AII into the
vertebral arteries of chloralose-anesthetized greyhounds produced a
hypertensive response that was due to withdrawl of parasympathetic tone
to the heart. However, Ferrario and co-workers (1970; 1972), applying
the same preparation in mongrel dogs, observed that the pressor response
was the result of increased peripheral resistance without changes in
heart rate or cardiac output. The elevated peripheral resistance was
characterized by an increase in preganglionic splanchnic vasomotor
discharge and decreased renal nerve activity. The pressor responses
could be abolished with sympathetic blockade or spinal cord section at
C2. Therefore, these data suggest that AII activates bulbo-spinal
vasoconstrictor sympathetic pathways. More recently, direct
electrophysiological evidence has been provided by Stein et al. (1984)

in support of Ferrario's contention, and by Lumbers et al. (1978) in the
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support of Scroop and Lowe. Furthermore, indirect evidence in support
of Ferrario's hypothesis has been provided by Johnson et al. (1965) in
humans. They showed that "ordinary" pressor concentrations of infused
AII exert a hypertensive effect by sympathetic activation.
Specifically, the blood level of AII achieved was able to constrict
veins in a forearm that was isolated from the circulation; whereas,
local blood levels of AII had to be increased by approximately one order
of magnitude to elicit a pressor effect in a sympathetically blocked
forearm.

McCubbin and Page (1963) reported that AII enhances the responses
to carotid occlusion in the perfused superior mesenteric artery, but not
in the perfused hindlimb., Consistent with these findings, Sweet and
Brody (1970) demonstrated that administration of AII (or reduction of
renal perfusion pressure, which would increase endogenous AII) impairs
baroreflex-induced hindlimb vasodilation, whereas reflex constrictor
activity remains intact. The findings of Sweet and Brody have been
further corroborated by others (Goldstein et al., 1974; Marker et al.,
1980). Central administration of AII has also been reported to
attenuate the parasympathetic component of the baroreflex in the
conscious ewe and fetus (Ismay et al., 1979) and chloralose-anesthetized
mongrel dogs (Lumbers et al., 1979). It appears that the modification
of both sympathetic and parasympathetic activity is due to the effect of
AII somewhere along the central interneurons of the baroreflex, since
AII does not alter the sensitivity of the peripheral baroreceptors

themselves (Stein et al., 1984).
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The Effectors

Structural adaptation of the cardiovascular system occurs whenever
it is faced with an increased load. The structural alterations of the
left ventricle, systemic arteries, and arterioles have been recognized
for over one hundred years. The initial assumption was that these
changes represented a late and irreversible complication of
hypertension. More recently however, it has been revealed that these
structural changes appear and regress quite rapidly, so they are now
viewed as dynamic participants in the evolution of hypertension.

Cardiac hypertrophy can markedly alter the hemodynamic pattern and
progression of hypertension. The heart can also initiate the
hypertensive process and maintain it. It has been convincingly
demonstrated in both clinical and experimental studies that the
progression of many forms of hypertension involves an initial increase
in cardiac output followed by an increase in peripheral resistance with
normalization of flow. This pattern of hypertension development has
been demonstrated in human essential hypertension (Lund-Johansen, 1980),
and in experimental renal (Ferrario and Page, 1978), mineralocorticoid
(Bravo et al., 1977), and cardiogenic (Liard, 1978) hypertension in
dogs. The same pattern has been demonstrated in the SHR (Pfeffer et
al., 1976). The sequence from high output to high resistance has been
described as "total body autoregulation"™ by Guyton and co-workers
(1974). However, this pattern of hypertension does not encompass all
forms of the disease (Tarazi et al., 1973; Ibrahim et al., 1975).

Increased cardiac contractility can initiate an increase in flow;
however, two criterion must be met for hypertension to develop: 1)
venoconstriction, enhancing central relocation of blood, to maintain the

elevated cardiac output and 2) constriction or lack of dilation of the
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resistance beds. Increased sympathetic activity, increasing cardiac
output as well as vasoconstricting both resistance and capacitance
vessels, could cause a hypertensive condition.

The change from a high to lower cardiac output, which often
accompanies hypertension has been correlated with cardiac hypertrophy
and altered myocardial compliance (Folkow, 1978). Myocardial
hypertrophy is the response to increased afterload. However, the
concomitant reduction in complianc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>