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Haemodynamic changes caused by alteration of
autonomic activity in patients with heart failure

Karl Josef Osterziel, Rainer Dietz, Joachim Manthey, Werner Schmid, Wolfgang Kubler

Abstract
In 14 patients with heart failure (New
York Heart Association class 2-3) and
sinus rhythm the carotid sinus baro-
receptors were stimulated to induce a
reflex mediated decrease of sympathetic
efferent activity and a simultaneous
increase in vagal tone. Five patients were
in severe heart failure (New York Heart
Association class 3) with raised plasma
concentrations of noradrenaline at rest
(2-99 (086) nmol/l (mean (SD)) and nine
patients had less severe heart failure
(class 2-2 (02)) and normal plasma
concentrations of noradrenaline at rest.
The haemodynamic responses during
arterial baroreceptor stimulation were
different in both groups. In all five
patients with severe heart failure cardiac
output increased whereas in the nine
patients with less severe heart failure it
was unchanged or decreased. The
increase of cardiac output in the group
with severe heart failure was solely the
result of a significant increase of stroke
volume index (by 9 (2) ml/m2). In the
nine patients with less severe heart
failure stroke volume remained un-
changed but heart rate decreased sig-
nificantly by 7 (2) beats/min during
baroreceptor stimulation.
These data show that an integrated

change of autonomic activity consisting
of a decrease in sympathetic tone and an
increase in vagal activity leads to an
increase of stroke volume in patients
with severe heart failure and hence to
haemodynamic improvement.
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In patients with heart failure sympathetic tone
is increased and parasympathetic activity is
attenuated."3 As a consequence of the
increased activity of vasopressor systems the
total peripheral vascular resistance is raised
and may contribute to a progressive deteriora-
tion of myocardial pump function."7 The
adaptive changes of the autonomic nervous
system in heart failure have been regarded as

compensatory-that is, beneficial mechanisms
to maintain adequate central blood pressure.8
However, sympathetic stimulation and vagal
withdrawal not only induce inotropic and
chronotropic effects but also increase
impedance for the already impaired pump
function of the left ventricle. Consequently, in
certain circumstances the changes of auton-
omic tone might improve cardiac perfor-

mance, but under other conditions the result-
ing haemodynamic effect may be deleterious.
We investigated the effects of instantaneous

alterations in sympathetic and parasympath-
etic tone on cardiac performance in patients
with either mild (New, York Heart Association
class 2) or more advanced stages of heart
failure (New York Heart Association class 3).

Patients and methods
PATIENTS
We studied thirteen men and one woman
(mean (SD) age 54 (3) years and range from
25 to 73 years) with heart failure and sinus
rhythm. Five patients had coronary artery
disease and nine had primary dilated car-
diomyopathy. The diagnosis was confirmed in
all patients by right and left heart catheterisa-
tion and by selective coronary angiography.
All patients were treated with diuretics and 10
were being treated with digitalis; one patient
was also given quinidine and another theo-
phylline. All patients gave informed consent
to the protocol, which was approved by the
ethics committee of the German National
Research Foundation, Herzfunktion und Ihre
Regulation, SFB 320.

HAEMODYNAMIC MEASUREMENTS
We performed right heart catheterisation
using a Swan-Ganz catheter in patients in the
postabsorptive state. Cardiac output was
measured by thermodilution at baseline in
triplicate and once during each period of
baroreceptor stimulation. Pulmonary artery
and right atrial pressures were recorded.
Arterial cannulas were inserted into the radial
artery of six patients. The mean of three
measurements by the cuff technique was taken
as arterial pressure in the remaining patients.
The following variables were calculated by
standard formula: cardiac index, stroke
volume index, mean blood pressure, total
peripheral resistance.
Plasma concentrations of catecholamines

were measured by the radioenzymatic method
of Da Prada and Zurcher.9 Plasma renin
activity and plasma vasopressin were
measured by radioimmunoassays.1' "

EVALUATION OF THE CAROTID SINUS BAROREFLEX
Carotid sinus baroreflexes were studied by
means of the negative pressure technique des-
cribed by Eckberg et al."2 An airtight chamber
was fastened around the neck and painless
negative pressure was generated within 01l
seconds. Steady state conditions were reached
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within 30 seconds.''"6 The negative pressure
is linearly transmitted to the carotid sinus and
selectively stimulates the carotid sinus
baroreceptors, causing an immediate decrease
of heart rate, and a delayed fall of arterial
pressure."2-16

STUDY DESIGN
All patients were studied in the supine posi-
tion. After 30 minutes of rest the baseline
haemodynamic data were obtained and blood
was drawn for the measurement of plasma
concentrations of catecholamines and vaso-
pressin and plasma renin activity. Then a
negative pressure of 40 mm Hg was applied to
the neck chamber. During the last 20 seconds
of negative pressure-that is, between the
30th and 60th second of suction-the
haemodynamic data were obtained. Negative
pressure was applied twice to the neck of each
patient and the mean of the haemodynamic
data obtained during the two intervention
periods was used for calculations.
The patients were divided into two groups

according to a combination of their New York
Heart Association class and plasma nora-
drenaline concentrations at rest. Patients with
severe heart failure (New York Heart Associa-
tion class 3) and simultaneously increased
plasma noradrenaline concentrations at rest
(>1 48 nmol/l) were allocated to group A
whereas patients with mild heart failure (New
York Heart Association class 2) or patients in
New York Heart Association class 3 and
normal concentrations of plasma noradrena-
line at rest (< 1'48 nmol/l) were allocated to
group B. Plasma catecholamine concentra-
tions that were more than 2 SD above the
mean of a group with normal left ventricular
function7 were regarded as raised. Both
groups were similar in age. Four patients in
group A and five patients in group B had
dilated cardiomyopathy. The other patients
had ischaemic cardiomyopathy.

Table 1 Comparison ofhaemodynamic data at baseline inpatients with severe (group A)
and moderate (group B) heartfailure

Group A Group B p

Mean blood pressure (mm Hg) 87 (4) 95 (5) NS
Heart rate (beats/min) 98 (11) 82 (4) NS
Cardiac index (1/min per mi) 24 (0 2) 3-2 (0'3) NS
Stroke volume index (ml/rn) 26 (2) 39 (3) 0 02
Systolic pulmonary artery pressure (mm Hg) 63 (3) 34 (4) 0 001
Diastolic pulmonary artery pressure (mm Hg) 30 (4) 16 (3) 0'01
Mean right atrial pressure (mm Hg) 11 (2) 6 (1) 0.08
Total peripheral vascular resistance (dyn scm') 1362 (134) 1236 (108) NS

Table 2 Changes ofhaemodynamic variables during baroreceptor stimulation in patients
with severe (group A) and moderate (group B) heartfailure

Group A Group B p (between groups)

Heart rate (beats/min) -3 (3) -7 (2)** NS
Cardiac index (1/mmn per in2) 0-8 (0 2)** -0 3 (0 1)* 0 001
Stroke volume index (ml/m) 9 (2)** 0 (1) 0 01
Systolic pulmonary artery pressure
(mm Hg) -10 (5) -4 (2) NS

Diastolic pulmonary artery pressure
(mm Hg) -3 (3) -1 (2) NS

Mean right atrial pressure (mm Hg) 0 (1) 2 (1) NS

*p < 0 005, **p < 0 01 for changes compared with baseline values.

STATISTICAL ANALYSIS
Results are given as mean (SEM2. The sig-
nificance of differences was calculated by the t
test or the signed rank test on paired data and
the t test or the Mann-Whitney U test on
unpaired data. A p value of <0 05 was re-
garded as significant.

Results
All patients in group A but only two patients
in group B had severe heart failure (New York
Heart Association class 3). The other patients
were in the New York Heart Association class
2. The New York class of group B (2-2 (0 2))
was lower than that in group A. By definition
the mean plasma concentration of noradrena-
line was much higher in group A than in
group B (2-99 (0'86) nmol/l v 0-85 (0 24)
nmol/l).
Table 1 shows the baseline haemodynamic

data of both groups. In group A pulmonary
artery pressures were significantly higher and
stroke volume index was significantly lower
than in group B. Mean arterial pressure and
heart rate did not differ significantly in the
two groups.
Plasma renin activity in group B (4-0 (1-2)

ng angiotensin I/ml h) was significantly lower
than in group A (7'8 (1 0 ng angiotensin I/ml
h) (p < 0-05). Plasma concentrations of
vasopressin (3'3 (0 9) pmol/l in group A ver-
sus 3'2 (0 7) pmol/l in group B) and plasma
adrenaline (398'43 (131-00) v 278-36 (98 24)
pmol/l in group B) were not significantly
different in the two groups.
Table 2 shows the haemodynamic responses

to baroreceptor stimulation. Pulmonary artery
and right atrial pressures did not change sig-
nificantly in either group. The tendency for
heart rate to fall during baroreceptor stimula-
tion was similar in the two groups. All
patients in group A had an increase of cardiac
output during baroreceptor stimulation (+ 1-5
(0-3) I/min, p < 0 05) whereas in the nine
patients in group B cardiac output decreased
or remained unchanged (-0-6 (0-2) 1/min, p
< 0'01). The increase of cardiac output dur-
ing baroreceptor stimulation in group A was
caused by an increase in stroke volume (fig 1,
table 2). In group B mean heart rate decreased
slightly and because stroke volume did not
change cardiac output fell (fig 2, table 2).
The radial artery pressure was measured in

three patients in each group during stimula-
tion of the carotid sinus baroreceptors. Mean
arterial pressure fell in five patients and
remained unchanged in one patient in group B
(92 (5) v 77 (4) mmHg; p < 0-05). The
number of patients was too small for the
changes of blood pressure in each group to
achieve statistical significance (table 3). In the
three patients with severe heart failure (group
A) systemic vascular resistance fell signifi-
cantly (p < 0-05) whereas the systemic vas-
cular resistance was not altered by baro-
receptor stimulation in patients in group B
(table 3).
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Figure I Stroke volume index before (B) and during
(C) carotid sinus baroreceptor stimulation in patients
with severe (group A) and less severe heart failure
(group B).

Discussion
Congestive heart failure is associated with
increased sympathetic drive to the heart and
blood vessels.'2"7 In mild heart failure the
increased sympathetic activity is considered to
be compensatory to preserve cardiac output. In
severe heart failure, however, excessive sym-
pathetic tone can lead to a further deterioration
of cardiac function.'8 Physiological withdrawal
ofsympathetic tone could therefore unmask the
effects ofsympathetic overactivity. Stimulation
of carotid sinus baroreceptors results in a
physiological and almost instantaneous reflex
withdrawal of sympathetic efferent activity and
an increase of vagal efferent tone.3""'6 This
stimulus was therefore used to assess the
haemodynamic changes caused by the altera-
tions of autonomic tone.
The most interesting finding of this study

was the instantaneous increase in cardiac out-
put and stroke volume index in patients with
severe heart failure (group A), indicating
improved cardiac performance when the
carotid sinus baroreceptors were stimulated by
negative pressure.
The degree of carotid sinus baroreceptor

stimulation must have been sufficient to alter
the autonomic nervous efferent activity
because the arterial pressure decreased sig-
nificantly in the six patients in whom intra-
arterial pressure was monitored. In addition, in
patients with mild to moderate heart failure the
same degree of baroreceptor stimulation in-
duced a 10 mm Hg fall in blood pressure."

Table 3 Intra-arterial pressure during baroreceptor stimulation in three patients in
group A and three patients in group B

Group A Group B

Before During Before During

Mean blood pressure (mm Hg) 88 (6) 72 (6) 97 (8) 84 (1)
Heart rate (beats/min) 95 (4) 94 (9) 76 (1) 69 (1)*
Cardiac index (1/min per m) 2-7 (0 2) 3-7 (03)* 3-2 (0 2) 2-6(0.1)
Stroke volume index (ml/Mr) 28 (2) 40 (4)* 42 (2) 38 (3)*
Mean right atrial pressure
(mm Hg) 10 (3) 9 (4) 7 (1) 5 (1)

Total peripheral vascular
resistance (dyn s cm-') 1245 (79) 729 (71)* 1141 (109) 1233 (55)

Significance of differences with the baseline values *p < 0 005.
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Figure 2 Heart rate before (B) and during (D)
stimulation of the carotid sinus baroreceptors.

Moreover, in normal subjects the same
stimulus led to reflex changes ofcardiac output,
blood pressure, and forearm vascular resis-
tance.2"25 The hypotensive response after elec-
trical stimulation of the carotid sinus nerves in
man is not affected by atropine and therefore
must be the result of a reduction in sympathetic
vasoconstrictor tone and/or cardiac sympath-
etic activity.26 The decrease of heart rate in all
patients in group B and in four patients in
group A was further indirect evidence that the
autonomic tone was altered by the degree of
negative pressure that we applied. The
activities of the renin-angiotensin or vasopres-
sin system or alterations of body fluid volumes
do not change during such short periods of
baroreceptor stimulation, and therefore could
not have affected the haemodynamic response.
Because all cardiovascular reflex changes
mediated by arterial baroreceptors are achieved
by an integrated response of the autonomic
nervous system we concluded that sympathetic
tone was reduced and that vagal tone was
simultaneously increased during this degree of
baroreceptor stimulation.'6

All patients in group A had heart failure in
the New York Heart Association class 3, high
concentrations of plasma noradrenaline, and
high renin activity. Left ventricular filling
pressure was higher and stroke volume was
lower than in group B. Heart rate tended to be
higher in patients in group A. Therefore,
patients in group A had more severe heart
failure with a greater degree of sympathetic
stimulation than patients in group B.
The changes in stroke volume during baro-

receptor stimulation of the carotid sinus in
group A could be the result of alterations of
preload, afterload, and/or inotropic state. Dia-
stolic pulmonary artery pressure (a measure of
left ventricular filling pressure) was unchanged
in group A during baroreceptor stimulation.
The increase of stroke volume in group A could
therefore not be explained by an altered pre-
load. Consequently, the increase of stroke
volume must have been produced by altera-
tions in the inotropic state or afterload or both.
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The substantial decrease of total peripheral
vascular resistance during baroreceptor stimu-
lation suggests that the stroke volume was
increased by a large decrease in left ventricular
afterload. The decrease in afterload was caused
by a reduction in the sympathetic vasoconstric-
tor tone, a reflex response that was reported in
animals and humans."2"'6126 A simultaneous
increase in inotropic state seems less likely. The
beneficial effect of a nearly immediate reduc-
tion in sympathetic tone on stroke volume
provides evidence that sympathetic over-
activity may be detrimental in human heart
failure; reflex sympathetic withdrawal im-
proved the patient's condition. This mechan-
ism might also explain the poor prognosis in
patients with high degrees of sympathetic
activity.'
The reflex decrease of heart rate during

stimulation of the carotid sinus baroreceptors
in patients with heart failure was abolished by
atropine and therefore must depend on an
increase in vagal efferent tone.316 The same
mechanism may be assumed in group A
because heart rate decreased slightly in four out
of five patients.

In contrast, the patients with only mild or
moderate degrees of left ventricular dysfunc-
tion (group B) showed haemodynamic respon-
ses to stimulation of the carotid sinus baro-
receptors that resembled those in healthy
subjects. Direct stimulation ofthe carotid sinus
nerve and stimulation of the carotid sinus
baroreceptors by negative pressure caused a
slight decrease in heart rate in healthy volun-
teers.2"25 Cardiac output was either un-
changed23 or decreased 24 during 40 mm Hg of
negative pressure. The same degree of baro-
receptor stimulation in group B caused a fall in
cardiac output owing to a reduction in heart
rate. The design of our study meant that we
were unable to determine why stroke volume
was unchanged. The unaltered systemic vas-
cular resistance at a presumably lower blood
pressure suggests that withdrawal of sym-
pathetic vasoconstrictor tone caused a decrease
in left ventricular afterload. Because preload
did not change during baroreceptor stimula-
tion the likely explanation was that a reflex
withdrawal of the inotropic sympathetic sup-
port to the heart was balanced by a reduction of
afterload, resulting in an unchanged stroke
volume. The degree of autonomic activity in
these patients may therefore be regarded as a
compensatory response to preserve cardiac
output.
The results of this study show that patients

with severe heart failure may benefit from
withdrawal of their intrinsic autonomic tone.
Drugs that reduce the sympathetic tone may
lead to haemodynamic improvement in such
patients.
This research was supported by a grant from the Deutsche
Forschungsgemeinschaft within the SFB 320, Herzfunktion
und ihre Regulation, University of Heidelberg.
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