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ABsTrRACT The effectiveness of the baroreceptor re-
flex in conscious dogs with experimental cardiac hyper-
trophy and heart failure was compared with that in a
group of normal conscious dogs. Cardiac hypertrophy
and heart failure were produced by tricuspid avulsion
and progressive pulmonary stenosis. The sensitivity of
the baroreceptor reflex to transient hypertension was
assessed by determining the slope of the regression
line relating the prolongation of the R-R interval to the
rise in systolic arterial pressure during the transient
elevation of arterial pressure induced by an intravenous
injection of 1-phenylephrine. The mean slope averaged
22.4 £2.3 msec/mm Hg in 16 normal animals, 23.1 =1.5
in five sham-operated animals, and was significantly re-
duced to 8.3 *0.8 in 10 dogs with hypertrophy alone
(P <0.001), and to 3.3 +0.5 in nine dogs with heart
failure (P < 0.001). The response to baroreceptor hypo-
tension was compared during bilateral carotid artery oc-
clusion (BCO) in six normal and six heart failure dogs
previously instrumented with Doppler flow transducers on
the superior mesenteric and renal arteries. During BCO,
in normal dogs arterial pressure increased 52 =4 mm
Hg, heart rate 33 =2 beats/min, mesenteric resistance
0.17 +0.03 mm Hg/ml per min, and renal resistance 0.37
#+0.10 mm Hg/ml per min. In the heart failure group all
of these variables increased significantly less (P < 0.01) ;
arterial pressure rose 25 =3 mm Hg, heart rate 13 =4
beats/min, mesenteric resistance 0.04 0.007 mm Hg/
ml per min, and renal resistance 0.18 +=0.09 mm Hg/
m] per min.
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Thus, in heart failure, all measured systemic and
regional circulatory adjustments consequent to baro-
receptor hypo- and hypertension are markedly atten-
uated. This study demonstrates a profound derangement
of a major cardiovascular control mechanism in ex-
perimental heart failure.

INTRODUCTION

The baroreceptor reflex is recognized as one of the
major homeostatic mechanisms promoting stability of
the circulation during sudden alterations in arterial
blood pressure. When the pressor receptors sense a de-
crease in arterial pressure, this reflex causes tachy-
cardia (1-3), an elevated inotropic state (1, 4, 5), and
peripheral vasoconstriction (1, 6, 7), while an increase
in pressure results in directionally opposite effects (1-5,
8, 9). Since each of these effects tends to return ar-
terial pressure to normal, this reflex has been consid-
ered to be a major compensatory mechanism in main-
taining the circulation during periods of circulatory
stress (1). In states of low cardiac output, including
heart failure, the increase in adrenergic activity brought
about by this reflex is thought to compensate in part
for the low output state (1, 10). However, the sensi-
tivity of the baroreceptor reflex system to alterations
in arterial pressure in chronic low output states has not
been assessed. In order to study the sensitivity of this
reflex in heart failure, we compared some of the sys-
temic and regional hemodynamic effects of induced baro-
receptor hyper- and hypotension in normal healthy dogs
and in dogs with experimentally produced cardiac hy-
pertrophy and heart failure. Since the sensitivity of this
reflex is known to be affected profoundly by the level of
consciousness (11, 12) and by various anesthetic agents
(12, 13), this study was conducted in the conscious
unsedated dog.
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METHODS

16 adult mongrel dogs weighing between 22 and 31 kg under-
went a two-stage surgical procedure for the production of
congestive heart failure by a modification of the technique
described by Barger, Roe, and Richardson (14). Using gen-
eral anesthesia (pentobarbital Na, 25 mg/kg) and sterile
surgical technique, the tricuspid valve was avulsed and a
pneumatic cuff placed around the main pulmonary artery.
Postoperatively, the pneumatic cuff was inflated with saline
in 1.0 ml increments on two occasions producing progressive
pulmonary stenosis which resulted in the development of
cardiac hypertrophy alone in seven animals and hypertrophy
followed by failure in nine animals after further inflation
with 0.2-0.6 cc saline. Three of the nine animals which
eventually developed heart failure were evaluated in the
hypertrophy state before further inflation of the pneumatic
cuff to produce heart failure. Thus, over-all, there were 10
dogs comprising the hypertrophy group and 9 the failure
group. Heart failure in the latter group was characterized
by ascites, elevated right ventricular systolic and end dias-
tolic pressures, increase in the ratio of right ventricular to
left ventricular mid-free-wall thickness, markedly depleted
right ventricular norepinephrine stores, but normal arterial
blood gases (Table I). Two-stage sham operations consist-
ing of a right atriotomy and dissection around but without
constriction of the main pulmonary artery were performed
in an additional five dogs. )

Doppler ultrasonic flow probes were implanted around the
superior mesenteric and left renal arteries and catheters
filled with heparin were placed in the central aorta through
either a lumbar artery or a branch of the right femoral
artery in six normal dogs and six dogs with heart failure.
Pneumatic cuffs were placed around both common carotid
arteries in the six normal, six heart failure, and four sham-
operated animals. At the time of operation the precise amount
of saline injectate required for complete occlusion of the
carotid arteries was determined and during terminal experi-
ments this was confirmed by direct vision and palpation of
the artery. In addition, at the time of the terminal experi-
ment, measurements were made of the arterial pressure distal
to the cuff during occlusion by a catheter placed in the
lingual artery and advanced to the area of the carotid sinus.

The experiments were conducted 2-5 wk after operation
in normal dogs and at least 2 months after thoracotomy in
the animals with hypertrophy and heart failure and in the
sham-operated dogs. In the first part of the study, the baro-
receptor reflex response to transient hypertension was deter-
mined in normal dogs, in sham-operated dogs, and in dogs

with cardiac hypertrophy with and without overt heart
failure by the method of Smyth, Sleight, and Pickering
(11). Three animals were evaluated on three separate occa-
sions: in the normal state, in the hypertrophy state, and
in the heart failure state. Five dogs were studied in the
normal and hypertrophy states and another two animals were
studied in the normal and heart failure states. The systolic
arterial pressure (SAP)* of successive pulses was plotted
against the R-R interval of the next beat during the tran-
sient rise in arterial pressure produced by the bolus intra-
venous injection of 1-phenylephrine (4-40 ug/kg). The
dose of 1-phenylephrine used in each experiment was that
necessary to raise SAP approximately 50 mm Hg, and the
mean rise in SAP was comparable among various experi-
mental groups. The slope of the regression line for SAP
plotted against the R-R interval was used as a quantitative
measure of baroreceptor reflex sensitivity. The slopes were
computed using the least squares technique (15) and ex-
pressed as the prolongation of the R-R interval in milli-
seconds per millimeter Hg elevation of SAP (AR-R/
ASAP). The correlation coefficients expressing the nearness
of the linear relationship between ASAP and AR-R for each
observation in each dog were calculated by standard re-
gression analysis (16). Differences in the mean slopes of
each group were tested for statistical significance by the
group ¢ test (15).

In the second part of the study, the responsiveness of the
carotid sinus baroreceptor reflex to induced hypotension was
compared in six normal and in six dogs with heart failure
by comparing the alterations in mean arterial pressure,
instantaneous heart rate, and regional flows and resistances
during short periods of bilateral common carotid artery
occlusion (BCO). During BCO arterial pressure distal to
the occluding cuff, ie. in the area of the carotid sinus,
decreased by an average of 40 mm Hg initially and 32 mm
Hg during the steady-state period in the normal animals, and
by 45 mm Hg and 38 mm Hg in the animals with heart
failure.

Blood flow in the regional beds was determined as the
product of the velocity of flow measured by the Doppler
ultrasonic flowmeter (17, 18) and the cross-sectional area
of the vessel measured at autopsy. The cross-sectional area
of the blood vessel at autopsy can be expected to vary from
that during life, suggesting caution in interpreting the abso-
lute values for volume flow. Velocity, as measured by the
Doppler flowmeter, is linearly related to volume flow as long

1 Abbreviations used in this paper: BCO, bilateral carotid
artery occlusion; SAP, systolic arterial pressure.

TaBLE I
Characterization of Experimental Cardiac Hypertrophy and Heart Failure States

Normals Hypertrophy Heart failure
Ascites 0/16 0/7 9/9
RV/LV mid-free-wall thickness 0.35 +£0.04 0.74 +£0.11 0.82 +0.06
RV norepinephrine concentration (ug/g heart) 0.69 £0.07 — 0.05 +0.01
RV peak systolic pressure (mm Hg) 24 +4 35 +6 74 +8
RV end diastolic pressure (mm Hg) 4.7 £1.0 52 +0.9 154 2.1
Arterial Po, (mm Hg) 86.6 +2.9 — 85.1 +4.1
Arterial Pco, (mm Hg) 342 £23 — 38.1 +3.3
Arterial pH 7.43 £0.01 — 7.45 4-0.03

RV, right ventricle; LV, left ventricle.
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as the cross-sectional area within the transducer does not
vary. At autopsy, the vessel walls were intimately adherent
to the transducer by a fibrous shell, minimizing changes in
cross-sectional area with alterations in arterial pressure.
Furthermore, volume calibrations conducted in our labora-
tory by timed collections of blood flow with beaker and
stopwatch have verified the accuracy and linearity of the
flowmeter (18). Zero flow was repeatedly determined elec-
trically and confirmed terminally by mechanical occlusion of
the vessel. A prior study from our laboratory has demon-
strated repeatedly and consistently the accuracy and con-
stancy of electrical zero with the Doppler flowmeter (18).
Arterial pressure was sensed by the catheter previously
placed in the central aorta and measured with a Statham
P23Db strain gauge manometer (Statham Instruments, Inc.,
Los Angeles, Calif.).

Mean arterial pressure and mean blood flows were de-
rived by RC electronic filters with a 2 sec time constant.
A cardiotachometer (Beckman type 9857, Beckman Instru-
ments, Inc., Fullerton, Calif.), triggered by the electrical
signal from the arterial pressure pulse, provided instan-
taneous and continuous records of heart rate. Data were
recorded on a multichannel oscillograph and magnetic tape
recorder. Mean regional resistances were calculated as the
quotient of mean arterial pressure and mean regional blood
flows.

RESULTS
Baroreceptor hypertension

The mean slope for the group of normal animals which
averaged 22.4 =2.3 (seM) msec/mm Hg was essentially
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Ficure 1 Baroreceptor hypertension. Each systolic arterial
pressure is plotted against the following R-R interval during
the transient rise in arterial pressure induced by a bolus
intravenous injection of 1-phenylephrine in the same dog in
the normal state (closed circles) and in the heart failure
state (open circles). There is a marked depression in the
slope of the regression line in the heart failure state com-
pared to the slope existing in the normal state.
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Ficure 2 Control values for each of the variables in the
normal and heart failure groups are shown on the left and
the increments in each variable during bilateral carotid oc-
clusion in the normal and heart failure groups, and the heart
failure group with control values in the normal range are
shown on the right.

o

identical in the sham-operated animals, 23.1 1.5, and
was significantly depressed (P < 0.001) in the group
with cardiac hypertrophy, 83 *0.8, and with overt
heart failure, 3.3 0.5 (Table II). The hypertrophy
group, with presumably less severe cardiac overload,
had less reduction of sensitivity than the group with
overt heart failure (P <0.01). In Fig. 1, the pro-
foundly depressed baroreceptor sensitivity determined
in the heart failure state is compared with the normal
sensitivity displayed by the same dog before the pro-
duction of heart failure. A similar depression in sensi-
tivity was observed in each animal studied in the
normal state and after either hypertrophy or heart
failure had developed (Table II).

Baroreceptor hypotension

Mean arterial pressure. Base line levels were similar
in normal and heart failure animals (Table III); how-
ever, the peak increments in arterial pressure with BCO
were lower in the heart failure group in which they
averaged only 25 *+3 mm Hg, compared to 52 =4 mm

Baroreceptor Reflex in Heart Failure 717



TaBLE 1
Individual Slopes and Correlation Coefficients Determined

Normals Sham
Mean Mean
Dog Heart arterial Correlation Heart arterial Correlation
No. rate pressure Slope coefficient rate pressure Slope coefficient
msecR-R/ beats/min mm Hg msecR-R/
mm HgSAP mm HgSAP

1 111 125 49.5 0.94 —_ — — —

2 80 112 21.9 0.95 — — — -

3 85 125 17.5 0.89 — - — —

4 139 128 8.5 0.91 — — — -

S 100 85 21.7 0.96 — — - -

6 125 70 17.3 0.97 — — — —

7 133 106 18.7 0.69 —_ — — —

8 92 126 19.7 0.88 — — — -

9 95 84 33.6 0.90 — — — —_
10 133 100 18.7 0.89 — — — -
11 133 100 26.2 0.93 — — — -
12 111 100 22.8 0.94 — — — —
13 91 106 24.6 0.96 — — — -
14 95 102 17.4 0.93 — —_ —_ —
15 102 90 24.4 0.93 — — — -
16 88 115 16.3 0.75 — — — —
17 — — — — 133 100 26.2 0.93
18 —_ — — — 111 100 22.8 0.94
19 — — — — 91 106 24.6 0.96
20 — — — — 95 102 174 0.93
21 — — — — 102 90 244 0.93
22 — — — — — — — —_
23 — — — — — — — —
24 — — — — — — — —
25 — — — — — — —_ —
26 — — — —_ —_ — — —
27 — — — — — — — —

Mean £sEM 107 &5 105 +4 22.4 £2.3 106 7 100 =2 23.1 £1.5

Hg in the normal animals (P <0.01) (Fig. 2). Thus,
the absolute levels of peak mean arterial pressure
achieved were significantly lower in the animals with
heart failure (133 =26 mm Hg) than in the normal
dogs (153 =1 mm Hg) (P <0.01). The elevation in
arterial pressure during BCO in sham-operated ani-
mals was nearly identical to that in the normal dogs
(Table IIT).

Heart rate. The animals with heart failure had a
significantly higher base line heart rate than the nor-
mal dogs (125 =11 beats/min vs. 88 =8 beats/min)
(P <0.01) (Table IIT). However, their increment in
heart rate with BCO was significantly reduced, aver-
aging 13 +4 beats/min compared to the normal of
31 =2 beats/min (P < 0.01) (Fig. 2). These reduced
increments do not appear to be due to the higher aver-
age base line level, since the two animals with heart
failure whose base line rates were within the normal
range (dogs Nos. 3 and 6, with heart rates of 93 and
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102 beats/min, respectively) exhibited very small in-
crements in rate with BCO (6 beats/min) (Fig. 2).
The response in heart rate during BCO in sham-ope-
rated animals was nearly identical to that observed in
the normal dogs (Table III).

Mesenteric resistance. Mean mesenteric resistance
during the base line period tended to be higher in the
dogs with heart failure (0.52+0.10 mm Hg/ml per
min) compared to that in the normal dogs (0.35=0.03
mm Hg/ml per min) but this difference was not sta-
tistically significant (0.05 <P <0.1). During BCO it
rose far less in the heart failure group (0.045=0.007
mm Hg/ml per min) than in the normal animals (0.17
+0.03 mm Hg/ml per min) (P <0.01) (Fig. 2, Ta-
ble III). This significantly smaller increase in resistance
with BCO was also evident in the four dogs with heart
failure whose base line levels of mesenteric vascular
resistance were within the normal range, i.e., <049
mm Hg/ml per min. In this subgroup, mesenteric resist-

C. B. Higgins, S. F. Vatner, D. L. Eckberg, and E. Braunwald



during the Rise in Arterial Pressure Induced by 1-Phenylephrine

Hypertrophy Failure
Mean Mean
Heart arterial Correlation Heart arterial Correlation
rate pressure Slope coefficient rate pressure Slope coefficient
beats/min mm Hg msecR-R/ beats/min mm Hg msecR-R/
mm HgSAP mm HgSAP

111 115 7.86 0.77 121 100 2.7 0.89

95 129 74 0.83 — —_ — —
150 95 8.0 0.90 162 88 0.7 0.71
— — — — 159 142 6.0 0.92

92 125 14.1 0.83 — —_ — —
— — — — 127 82 34 0.95
171 96 4.8 0.93 — — — —
143 132 8.1 0.95 — —_ — —
111 94 8.6 0.81 120 92 1.8 0.69
162 110 8.5 0.93 —_ —_ — —
180 93 6.6 0.90 —_ —_ — —
143 118 10.3 0.95 — —_ — —
— — — — 100 127 3.1 0.76
— — — — 167 80 44 0.96
— — — — 166 125 5.0 0.97
— — — — 146 95 2.8 0.99
136 +=10 110 £5 8.3 +0.8 137 +8 103 7 3.3 +£0.8

ance rose by an average of only 0.04 mm Hg/ml per DISCUSSION

min, a value which was also significantly lower than in
the normal dogs (P < 0.01).

The time course of the effects of a prolonged period of
BCO on mesenteric hemodynamics in the normal state
and later in the same dog in the heart failure state is
shown in Fig. 3.

Renal resistance. The base line levels of mean renal
vascular resistance were similar in normal (0.55 +0.07)
and heart failure dogs (0.63 +0.14) (P> 0.3). With
BCO, resistance rose significantly less in the heart fail-
ure group (0.18+0.09 mm Hg/ml per min) than in
the normal animals (0.37 =0.10) (P <0.01) (Fig. 2,
Table IIT). This difference persisted when only the five
heart failure animals whose control levels of renal re-
sistance were within the normal range (i.e., < 0.84 mm
Hg/ml per min) were considered.

- Baroreceptor Reflex in Heart Failure

In the conscious dogs with cardiac hypertrophy or fail-
ure the responsiveness of the baroreceptor reflex arc to
hypertension, as assessed by the prolongation of the
R-R interval, is markedly attenuated. Recently, a pro-
found depression of this reflex has been observed also
in patients with heart disease of diverse etiologies (19).
The observation in the present study that the animals
with hypertrophy but without overt heart failure had
less reduction of sensitivity than the group with overt
heart failure suggests that the severity of this dysfunc-
tion of the baroreceptor reflex arc may be a function
of the severity of the cardiac abnormality. Apparently,
the sensitivity of this reflex is altered under other cir-
cumstances as well, since it has been shown to be
accentuated during natural sleep (11) and depressed
in hypertension in experimental animals (20) and man
(21) and during anesthesia (13) and exercise (22, 23)
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Ficure 3 The effects of a prolonged period of bilateral carotid artery
occlusion on mesenteric hemodynamics in the same dog in the normal state
(left) and later in the heart failure state (right).

in man; resetting of the threshold without a change in
sensitivity of the reflex has been produced by hyper-
capnia in normal subjects (24). In the present study
the level of consciousness was constant and the Poo.
levels were similar in normal dogs and those with heart
failure (Table I).

In the present study, the rise in arterial pressure in-
duced by l-phenylephrine was similar among the vari-
ous groups of animals. Thus, in comparison with normal
dogs the animals with hypertrophy and heart failure
displayed a profoundly attenuated reflex response to
essentially identical stimuli.

Although base line heart rates were higher in the
hypertrophy and failure groups, base line mean arterial
pressures were comparable. The higher baseline heart
rate cannot explain our observation of a reduced sensi-
tivity of the reflex; on the contrary, it has been noted
that with higher initial heart rates the magnitude of
reflex slowing is actually enhanced (16, 20). The
transient alterations in this reflex during exercise may
be pertinent to our findings, since in both heart failure
and during exercise heightened sympathetic tone is
present (10, 25-27) and there is evidence that in states
of high sympathetic tone there is a depression of
parasympathetically mediated reflexes (28, 29). Both
in the conscious dog (3, 30) and man (3, 19) in the

normal and heart failure states the reflex slowing of
the heart rate in response to the transient hypertension
induced by 1-phenylephrine is mediated predominantly
by the parasympathetic nervous system.

The second portion of this study demonstrated that
this dysfunction in the baroreceptor reflex in heart fail-
ure is not confined to the vagally mediated heart rate
slowing consequent to baroreceptor hypertension, but
is observed also in the reflex responses induced by
baroreceptor hypotension. Specifically, the baroreceptor
reflex responsiveness to hypotension as assessed by al-
terations in arterial pressure, heart rate and regional
resistances during BCO, was profoundly depressed. In
this instance also the stimulus applied to the barore-
ceptors was comparable in the normal and heart failure
groups, since both the base line arterial pressures and
the decrease in arterial pressure in the area of the caro-
tid sinus during BCO were very nearly equal in the
two groups. The average base line heart rates and re-
gional resistances tended to be higher in the heart failure
group. However, it seems unlikely that these elevated
average base line values contributed significantly to the
attenuated response in the heart failure group, since in
the subgroup of the dogs with heart failure that had
base line heart rates and regional resistance within the
normal range, the attenuated response characteristic of

Baroreceptor Reflex in Heart Failure 721



the heart failure group as a whole was observed. Thus,
both in the subgroups of heart failure dogs with base
line values comparable to normal dogs and in the heart
failure group as a whole, the increases in arterial pres-
sure, heart rate, and regional resistances were substan-
tially less than in normal dogs (Fig. 3).

The reflex responsiveness to BCO was not tested in
the dogs with right ventricular hypertrophy only and it
is reasonable to expect some depression in the reflex
responses to baroreceptor hypotension in that group as
well. Indeed, the attenuated responses to baroreceptor
hypotension may not be peculiar to the heart failure
state and may be a consequence of a variety of cardiac
diseases as was shown for the depressed response to
baroreceptor hypertension in the present investigation
and by Eckberg, Drabinsky, and Braunwald (19).

Although this study has demonstrated a markedly im-
paired baroreceptor reflex in response to both hyperten-
sion and hypotension in heart failure, no attempt has
been made to define the mechanism responsible for this
dysfunction. However, several circulatory derangements
known to occur in congestive heart failure may con-
tribute to this baroreceptor reflex dysfunction. On the
afferent side of the reflex, Abrahim (31) has described
degenerative changes in the receptor fibers as well as in
the neurofibrillar end plates in the baroreceptors of the
aortic arch and particularly in the carotid sinuses of
patients with a variety of cardiovascular diseases, in-
cluding heart failure. These histologic abnormalities
suggest that an alteration in the baroreceptors them-
selves may be involved. In addition, it has been shown
that both in hypertension and congestive heart failure,
the sodium and water contents of the arterial wall are
increased (32, 33). These increased sodium and water
contents might be responsible for reducing the dis-
tensibility of the arterial wall in the area of the carotid
sinus and consequently the extent of distortion of the
baroreceptors during changes in intra-arterial pressure,
thus reducing the sensitivity of the reflex.

Another site at which the reflex dysfunction might
occur is in the central nervous system. Recent evidence
suggests that the baroreceptor reflexes can be either fa-
cilitated or inhibited by activation of higher centers in
the brain (34, 35). These findings prompt speculation
upon the possibility of alterations in the extent of facili-
tation or inhibition in situations of circulatory stress,
including heart failure. Indeed, there exists considerable
evidence that in states of heightened sympathetic tone
parasympathetically mediated reflexes are attenuated (28,
29). Since sympathetic tone is considerably accentuated
in heart failure (10, 25), this mechanism may contribute
to the attenuation of the vagally mediated cardiac slow-
ing during transient hypertension.

On the efferent side of the reflex, there is evidence
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both for defects in sympathetic and parasympathetic
nervous control of the heart. It is well established that
cardiac norepinephrine stores are markedly depleted in
man (25) and experimental animals (36) with heart
failure, and this depletion diminishes the chronotropic
and inotropic responses to stimulation of the stellate
ganglion (37) in experimental animals and chronotropic
responses to sympathetically mediated reflexes in man
(38). This mechanism is undoubtedly operative to some
extent in the attenuated chronotropic response to BCO
in animals with heart failure in the present study who
had associated depletion of cardiac norepinephrine stores.
However, it is less likely that a defect in adrenergic
transmission accounted for the less intense vasoconstric-
tion in the regional circulatory beds after BCO, since
normal norepinephrine stores have been found in the
kidneys in animals with congestive heart failure (39)
and augmented neurotransmitter activity was identified
in the peripheral vascular bed of patients with congestive
heart failure and cardiac norepinephrine depletion (40).
A structural alteration in the peripheral arterioles due
to increased sodium and water content in the vessel wall
which has been implicated in the decreased capacity of
peripheral vessels to respond to vasodilatory stimuli in
heart failure (41, 42) might limit the capacity of the
arterioles to respond to neurogenic vasoconstrictor stim-
uli as well.

The rises in mesenteric and renal resistances in the
normal and heart failure groups during BCO may have
been supported by autoregulatory responses to elevated
arterial pressure (43). Since perfusion pressure in-
creased substantially more in the group of normal ani-
mals, autoregulatory influence should have been more
intense in the mesenteric and renal beds of normal dogs
and may have contributed to the greater increase in re-
sistance observed in them.

Recently, preliminary evidence from this laboratory
has suggested defective cardiac parasympathetic control
in heart disease (19). In these studies, there was con-
siderably less cardiac acceleration in patients with heart
disease after pharmacologic blockade of parasympathetic
nerve fibers, suggesting diminished outflow of parasym-
pathetic nerve impulses from the central nervous sys-
tem, a defect in the response of the sinoatrial node to
acetylcholine or a depletion of cardiac intraneuronal
acetylcholine stores. A similar attenuation of the chrono-
tropic responses to atropine in patients with heart dis-
ease is evident in the experiments reported by Jose and
Taylor (44), and they attributed this finding to a de-
pressed intrinsic heart rate associated with heart disease.

Regardless of the precise mechanism or mechanisms
causing this abnormal baroreceptor reflex in heart fail-
ure, this defect represents the loss of one of the major
control mechanisms which tends to adjust heart rate,
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cardiac output, arterial pressure, and the inotropic state
of the heart to maintain circulatory homeostasis during
acute stress. The diminished ability to alter central and
peripheral circulatory function reflexly in heart failure,
as indicated in this study, may impair the compensatory
response to acute circulatory stresses in patients with
congestive heart failure. This defective response to
BCO may not be confined to heart failure since a simi-
lar subnormal pressor and heart rate response to BCO
has been observed in dogs subjected to hemorrhagic hy-
potension (45). In addition, these animals also displayed
attenuated chronotropic and inotropic responses to stim-
ulation of the stellate ganglion (46). A preliminary re-
port has also delineated an absence of the normal pres-
sor and heart rate increments induced by head up tilting
in patients soon after transmural myocardial infarction
without congestive heart failure or hypotension (47).
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