
BrHeart _' 1995;74:21-26

Baroreflex sensitivity and neurohormonal
activation in patients with acute myocardial
infarction
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Abstract
Objective-To examine the relationship
between baroreflex sensitivity and neuro-
hormonal activation in patients with an
acute myocardial infarction.
Methods-Baroreflex sensitivity, plasma
noradrenaline, atrial natriuretic factor,
endothelin-1, and plasma renin activity
were measured in 37 male patients about
10 days after their first myocardial
infarction, and in 15 healthy controls.
Baroreflex sensitivity was assessed from
the regression line relating the change in
RR interval to the change in systolic
blood pressure following an intravenous
bolus injection of phenylephrine. The
measurements were repeated after a fol-
low up of three months.
Results-There was a significant inverse
correlation between baroreflex sensitivity
and plasma noradrenaline measured
before hospital discharge (r = -0.43, P <
0.01). Patients with increased plasma
noradrenaline (> 2SD above the mean of
the age matched control group) had sig-
nificantly lower baroreflex sensitivity
than patients with normal plasma nor-
adrenaline (8.7 (SD 4.6) v 12-1 (6.1)
ms/mm Hg, P < 0.05). The change in
baroreflex sensitivity during the follow up
showed a significant inverse correlation
with the change of plasma noradrenaline
(r = -0 450, P < 0.01). Furthermore,
when patients with increased plasma
noradrenaline before hospital discharge
were analysed separately, baroreflex sen-
sitivity at three months in patients in
whom plasma noradrenaline had
decreased to normal values was signifi-
cantly higher than in patients in whom
plasma noradrenaline had remained
increased (14.6 (5.7) v 8-1 (8.1) ms/mm
Hg, P < 0.05). On the other hand,
baroreflex sensitivity was not related to
the levels ofplasma atrial natriuretic fac-
tor, plasma endothelin-1, or plasma
renin activity. Neither was any relation-
ship found between change in baroreflex
sensitivity and change in plasma atrial
natriuretic factor, endothelin-1, or
plasma renin activity during the follow
up.
Conclusions-The impairment barore-
flex sensitivity after myocardial infarc-
tion was associated with increased
concentration of plasma noradrenaline,
that is, sympathetic activation, but not

with plasma atrial natriuretic factor,
endothelin-1, or plasma renin activity.
Baroreflex sensitivity provides informa-
tion about cardiac vagal control as well as
about the balance of cardiac sympathetic-
parasympathetic regulation.

(Br HeartJ' 1995;74:21-26)
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Acute myocardial infarction results in an
impairment of cardiac autonomic regulation' 2
as well as in a wide spectrum of neuro-
hormonal activation, including increased
plasma noradrenaline,3 4 atrial natriuretic
factor,5 endothelin-1,6 and renin activity.7
Impairment of cardiac autonomic regulation,
that is, low baroreflex sensitivity, in patients
with recent myocardial infarction, has been
found to be related to poor prognosis because
of cardiac electrical instability leading to ven-
tricular tachyarrhythmias and sudden cardiac
death.8-'0 Neurohormonal activation in
patients with myocardial infarction has also
been associated with complications and exces-
sive mortality."1-'4
The mechanism responsible for the impair-

ment of baroreflex sensitivity in patients with
acute myocardial infarction has not yet been
defined. It has not been found to be related to
size, type, or location of myocardial infarc-
tion, nor to the severity of cardiac dysfunc-
tion.89 15 One possibility is that impairment of
baroreflex sensitivity might be associated with
neurohormonal activation. So far, however,
there are no data available on this subject.
Thus the objective of this study was to evaluate
the relationship between baroreflex sensitivity
and neurohormonal activation in patients with
acute myocardial infarction.

Methods
SUBJECTS AND STUDY PROTOCOL
The study population consisted of 37 men
aged 53-8 (SD 9 2) years (range 32-68)
recovering from their first myocardial infarc-
tion. Myocardial infarction was diagnosed
according to the criteria of the World Health
Organisation. 16 The location of myocardial
infarction was anterior in 16 patients (46%)
and inferior in 12 patients (30%). Twenty two
patients (61%) had Q wave infarction and 15
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patients (29%) were treated with throm-
bolytic therapy. f, Blockers were used by 34
patients (94%), calcium channel blockers by
five (14%), and oral nitrates by 31 (84%).
Medication was not changed during the fol-
low up. Patients with diabetes mellitus,
Parkinson's disease, chronic alcoholism, and
atrial fibrillation were excluded. In addition, a
control group of 15 age matched healthy male
volunteers not belonging to hospital personnel
was recruited. The mean age of the controls
was 54-6 (9 1) years (range 37-67).

Baroreflex sensitivity was determined
before discharge from the hospital, about 10
days after the myocardial infarction. Before
the measurement of baroreflex sensitivity,
blood samples were taken for the analysis of
plasma noradrenaline, atrial natriuretic factor,
endothelin-1, and plasma renin activity. In
addition, left ventricular ejection fraction was
assessed by echocardiography. The measure-
ment of baroreflex sensitivity and hormone
analyses were repeated three months after the
myocardial infarction. The control group was
studied with the same protocol as patients,
with the exception that hormone analyses
were performed only once.
The ethics committee of Kuopio University

Hospital approved the study protocol and
informed consent was obtained from all
patients and controls.

ASSESSMENT OF BAROREFLEX SENSITIVITY
Baroreflex sensitivity was evaluated with a
modification of the method described by
Smyth et al.'7 In brief, the method was as fol-
lows. Phenylephrine 150 ug was injected into
an antecubital vein to produce a rapid
increase of blood pressure and a concomitant
reduction in heart rate. The bolus injection
was repeated three times with 10 minute
intervals. ECG and continuous non-invasive
arterial blood pressure signals (Finapres,
Ohmeda) were recorded and were then con-
verted to digital signals with a temporal reso-
lution of 200 Hz/channel and an amplitude
resolution of 12 bits. The converted signals
were stored in a microcomputer and analysed
with a menu driven software package (Cafts,
Medikro Oy).'8

For the assessment of baroreflex sensitivity,
beat to beat values of R-R intervals (RRI)
were plotted against the systolic arterial pres-
sure values (SAP) of the preceding cardiac
cycle (RRI(i) v SAP(i-1)) during a period of
increase in blood pressure. A linear regression
analysis between RRI(i) and SAP(i-1) was
performed and the slope of the regression line
and the corresponding Pearson correlation
coefficient were calculated. Slopes with corre-
lation coefficients of r > 0-80 or statistically
significant (P < 0 05) were accepted. The
mean value of the accepted slopes represented
baroreflex sensitivity.
To assess the reproducibility of the assess-

ment of baroreflex sensitivity, measurements
carried out in the control group with three
month intervals were compared. The two
measurements of baroreflex sensitivity showed
a high correlation (r=-0-903, P< 0.001)

and the coefficient of variation (the standard
deviation of the mean difference divided by
the absolute mean of the two measurements
x 100)19 was 7-4%.

PLASMA HORMONE ANALYSES
Blood samples for the plasma hormone analy-
ses were taken after an overnight fast through a
Teflon cannula in an antebrachial vein. After
the insertion of the cannula the patients rested
in the supine position for 30 minutes. Blood
was drawn into prechilled tubes and placed on
ice. Plasma was separated within 20 minutes
at 40, frozen immediately, and stored at
-70°C until assay. Plasma noradrenaline
concentrations were analysed by high perfor-
mance liquid chromatography (HPLC) com-
bined with electrochemical detection.202'
Radioimmunoassay techniques described
elsewhere were used for the assessment of
concentrations of plasma atrial natriuretic
factor,22 endothelin-1,2' and plasma renin
activity.24

LEFT VENTRICULAR EJECTION FRACTION
Left ventricular ejection fraction was evalu-
ated with an Aloka SSD-870 ultrasonic sys-
tem. M mode echocardiography recordings
were performed from the left ventricular
parasternal long axis view according to the
recommendation of the American Society of
Echocardiography.25 Measurements obtained
from five cardiac cycles were averaged.

STATISTICAL METHODS
Comparisons between different groups were
performed with two tailed Student's t test and
analysis of covariance (using age as covariate).
Paired t tests were used for testing the signifi-
cances of changes of baroreflex sensitivity and
hormone levels during the follow up.
Correlation analyses were performed using a
least squares linear regression analysis and
multivariate regression analysis. A P value of
< 0 05 was considered statistically significant.
The data are expressed as mean (SD) unless
otherwise indicated.

Results
BAROREFLEX SENSITIVITY AT HOSPITAL
DISCHARGE AND THREE MONTHS AFTER
MYOCARDIAL INFARCTION
In patients with myocardial infarction, baro-
reflex sensitivity at hospital discharge and at
three months was significantly lower than in
the controls (P < 0 05; table 1). When the
whole patient group was considered, no sig-
nificant change in baroreflex sensitivity was
found during the three month follow up.
However, the change in baroreflex sensitivity
during the follow up showed marked
interindi,Vidual variation.

PLASMA HORMONE LEVELS AT HOSPITAL
DISCHARGE AND THREE MONTHS AFTER
MYOCARDIAL INFARCTION
Table 1 shows that plasma noradrenaline con-
centration was higher in patients than in con-
trols at hospital discharge (P < 0 001; fig 1) as
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Table 1 Baroreflex sensitivity and neurohormonal activation in controls (n = 15) and in
patients with a myocardial infarction (MI) (n = 37). Values are means (SD).

MI patients

Controls Discharge 3 months

BRS (ms/mm Hg) 16-4 (9 7) 10-2 (5 5)* 12-0 (7.6)*
Plasma noradrenaline (mmol/l) 1-5 (0 4) 2 9 (1 6)** 2-6 (1-4)**
Plasma ANF (pg/ml) 126-1 (45 8) 175-7 (86 4)* 152-7 (84 8)t
Plasma endothelin (pg/mil) 2 2 (1 4) 4-2 (1-8)** 3 0 (1 0)*ft
Plasma renin activity (ng/ml) 2-3 (1-0) 1 9 (1-5) 1 9 (1-3)

ANF, atrial natriuretic factor; BRS, baroreflex sensitivity. Measurements before hospital dis-
charge (Discharge) and 3 months after MI (3 months). *P < 0 05; **P < 0-001 v controls (two
tailed Student's t test); tP < 0 05; fP < 0-001 v hospital discharge (paired t test).
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well as at three months after myocardial
infarction. No significant change was

observed in plasma noradrenaline during the
follow up. Patients had higher concentrations
of plasma atrial natriuretic factor than the
control group at hospital discharge (P <
0 05), but not at three months. Plasma atrial
natriuretic factor decreased significantly dur-
ing the follow up. Plasma endothelin-1 before
hospital discharge was also higher in patients
than in controls (P < 0 001). It decreased
during the three month period, but still
remained higher than in the controls at three
months after myocardial infarction (P <
0 05). Plasma renin activity in controls and
patients did not differ at hospital discharge or

at three months. No significant change in
plasma renin activity was found during the
follow up.

RELATIONSHIP BETWEEN BAROREFLEX
SENSITIVITY AND PLASMA HORMONES

Baroreflex sensitivity measured before hospi-
tal discharge showed an inverse correlation
with plasma noradrenaline in univariate
analysis (r = -0J43, P < 0 01, fig 2). This cor-
relation remained significant (P < 0.05) when
adjusted for age, size, location and type of
infarction, thrombolytic therapy, medication,
resting heart rate, resting blood pressure, and
left ventricular ejection fraction. In order to
study the relationship between baroreflex sen-

sitivity and plasma noradrenaline more com-

prehensively patients were divided into two

Plasma noradrenaline (mmol/l)

Figure 2 The relationship between baroreflex sensitivity
(BRS) and plasma noradrenaline concentration in
patients with acute myocardial infarction before the
hospital discharge. The regression line and 95% confidence
intervals are shown.

groups by using 2 SD above the mean plasma
noradrenaline for the controls (2-3 nmol/l) as

the cut off value (fig 1). Accordingly, patients
with plasma noradrenaline > 2 3 nmol/l were

considered as a group with increased plasma
noradrenaline, and those with values of <2-3
nmol/l as a group with normal plasma nor-

adrenaline. Patients with increased plasma
noradrenaline had lower baroreflex sensitivity
than patients with normal plasma noradrena-
line (P < 0.05, table 2).
The change in baroreflex sensitivity showed

an inverse correlation with the change in
plasma noradrenaline during the three month
follow up in univariate analysis (r = - 0A45, P <
0 01, fig 3), as well as in multivariate analysis
adjusting for age (P < 0.01). In addition, we

studied in more detail the relationship
between changes in baroreflex sensitivity and
plasma noradrenaline in patients with
increased plasma noradrenaline before hospi-
tal discharge. Patients in whom plasma nor-

adrenaline decreased to normal values during
the follow up had higher baroreflex sensitivity
at three months than patients in whom
plasma noradrenaline remained persistently
elevated (14 6 (5 7) v 8d1 (8.1) ms/mm Hg,
P < 0.05, fig 4), that is, normalisation of

Figure 1 Plasma
noradrenaline in healthy
controls and in patients
with acute myocardial
infarction before their
hospital discharge. Filled
circles represent values for
individuals and empty
circles represent means of
the controls and patients.
Error bars = SEM. The
dotted line shows 2 SD
above the mean plasma
noradrenaline of the
controls (2 3 nmolll).
Plasma noradrenaline was
considered increased if it
exceeded 2-3 nmolll and
normal if it was below 2-3
nmol/l. t P < 0001.
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Table 2 The relationship between baroreflex sensitivity
and neurohormonal activation before hospital discharge in
patients with acute myocardial infarction. Values are
means (SD).

BRS (ms/mm Hg)

Plasma noradrenaline
Normal 12-1 (6-1)*
Increased 8-7 (4 6)

Plasma ANF
Normal 10-5 (6-1)
Increased 9-2 (3 8)

Plasma endothelin-l
Normal 10.3 (5 5)
Increased 9 5 (5-7)

Plasma renin activity
Normal 10.5 (5 6)
Increased 6 9 (2 6)

ANF, atrial natriuretic factor; BRS, baroreflex sensitivity.
Plasma noradrenaline, ANF, endothelin, and plasma renin
activity were divided into two groups (normal and increased)
at 2SD above the mean hormone activity of the control group.
*P < 0 05 v the group with increased plasma noradrenaline
(analysis of covariance).
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Figure 3 The relationship
between the change in
baroreflex sensitivity
(BRS) and change in
plasma noradrenaline
during three months of
follow up after myocardial
infarction. The regression
line and 95% confidence
intervals are shown.

Figure 4 Baroreflex
sensitivity (BRS) and
plasma noradrenaline
measured three months
after myocardial infarction
in patients with increased
plasma noradrenaline
(> 2-3 nmolll) before
hospital discharge. The
patients were divided into
two groups; patients in
whom plasma
noradrenaline had returned
to normal during the three
months (0) and patients
with persistently increased
plasma noradrenaline (0)
at 3 months. Error bars =

SEM. *P< 005.
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20 during the follow up was accompanied by a
15 r = -.460 recovery of baroreflex sensitivity.

P < 0.01 According to current opinion, reflex
10 _ changes in heart rate in response to baro-

* * receptor stimulation are primarily due to
5 changes in cardiac vagal activation, with only
*_ minor contribution from the sympathetic ner-

0 26~0
* < p<__ vous system,26 that is, baroreflex sensitivity

-5 * has been considered to be predominantly an
*|||iindicator of cardiac parasympathetic regula-

-10 tion. 7 Noradrenaline released from sympa-
-3 -2 -1 0 1 2 3 thetic nerve endings has been found to be the
Change in plasma noradrenaline (nmol/1) main source of plasma noradrenaline.

Accordingly, plasma noradrenaline has been
considered to reflect the level of efferent sym-

20 - * pathetic activation.2728 Thus our finding that
baroreflex sensitivity was related to plasma
noradrenaline was somewhat surprising.

16 One possible explanation for this finding is
te that, although changes in vagal activity pre-

dominate in the bradycardic reflex response,
12- the effect of vagal stimulation on heart rate

depends on the background sympathetic
activity29-the higher the sympathetic tone the

8 - more depressed the baroreflex sensitivity.
According to this theory, the depression of
baroreflex sensitivity associated with myocar-

4 - dial infarction would be ascribed to increased
level of sympathetic activity.

Secondly, it has been shown that, as well as
0 1 2 4 controlling cardiac vagal activity, the baro-

Plasmanoradrenalin nmol1
reflex regulates efferent sympathetic activity:
stimulation of arterial baroreceptors causes
withdrawal of sympathetic outflow to skeletal
muscles.'0 Thus it can be assumed that
impairment of baroreflex sensitivity following
myocardial infarction results in attenuation of

sma noradrenaline was associated with a the tonic inhibitory signals responsible for the
overy of baroreflex sensitivity. reduction of efferent sympathetic activity. As
Plasma atrial natriuretic factor, endothelin- a consequence, the level of tonic sympathetic
and plasma renin activity did not show any activity becomes increased. In this case
;nificant correlations with baroreflex sensi- impairment of the baroreflex would be the
ity, either in univariate or in multivariate mechanism responsible for the increased
alyses. When patients were dichotomised at plasma noradrenaline after myocardial infarc-
SD above the mean of the control group tion.
18 nglml for plasma atrial natriuretic factor, A third possibility is that baroreflex sensi-
) pg/ml for plasma endothelin-1, and 4-3 tivity and plasma noradrenaline are not
/ml for plasma renin activity) baroreflex directly dependent on each other, but that
isitivity in patients with increased and nor- they share a common underlying determinant
l levels of hormone activity did not differ which accounts for the concomitant impair-
im each other (table 2). Neither were any ment of the baroreflex and increased sympa-
nificant correlations observed between the thetic activity in patients with acute
ange in baroreflex sensitivity and the myocardial infarction. Indeed, it has been
ange in plasma atrial natriuretic factor, speculated that cardiac remodelling after
dothelin-1, or plasma renin activity during myocardial infarction might promote excita-
follow up. tion of cardiac sympathetic nerve endings and

that this sympathetic afferent excitation could
be responsible for the impairment of baro-

Lscussion reflex sensitivity as well as for the increased
this study we have shown that the impair- efferent sympathetic activity."
nt of baroreflex sensitivity after myocardial Whatever the mechanism, it seems to be
arction is associated with sympathetic acti- obvious that baroreflex sensitivity provides
tion. Patients with increased plasma nor- information about cardiac vagal control as

renaline as a marker of sympathetic well as about sympathetic-parasympathetic
ivation showed lower baroreflex sensitivity balance. The association between baroreflex
in patients with normal plasma noradrena- sensitivity and plasma noradrenaline is also
e. Furthermore, we found that in the whole logical from the clinical point of view that in
tient group, as well as in patients with patients with acute myocardial infarction both
Sreased sympathetic activity at hospital dis- low baroreflex sensitivity89 and high concen-
arge, a decrease in plasma noradrenaline trations of plasma noradrenaline4 have been

24
 on M

ay 19, 2023 by guest. P
rotected by copyright.

http://heart.bm
j.com

/
B

r H
eart J: first published as 10.1136/hrt.74.1.21 on 1 July 1995. D

ow
nloaded from

 

http://heart.bmj.com/


Baroreflex sensitivity and neurohormonal activation in patients with acute myocardial infarction

shown to be related to excessive mortality
caused by cardiac arrhythmias.
We did not find any significant relationship

between baroreflex sensitivity and plasma
concentrations of atrial natriuretic factor,
endothelin-1, or plasma renin activity, neither
was the change in baroreflex sensitivity during
the three month follow up related to changes
in plasma atrial natriuretic factor, endothelin-
1, or plasma renin activity. Previous studies
on patients with acute myocardial infarction
have shown that the level of plasma atrial
natriuretic factor, endothelin-1, and renin
activity correlate with the extent of left ven-
tricular dysfunction.35-7 On the other hand,
earlier studies have failed to show any signifi-
cant relationship between baroreflex sensitiv-
ity and cardiac systolic function in patients
with myocardial infarction.89 15 The concept
that the mechanism of impairment of baro-
reflex sensitivity and plasma atrial natriuretic
factor activation in myocardial infarction is
different is further reinforced by the fact that,
although both low baroreflex sensitivity and
raised plasma atrial natriuretic factor are
related to increased mortality, the mechanism
of death seems to be different; patients with
increased plasma atrial natriuretic factor
tend to die because of heart failure," whereas
mortality associated with low baroreflex sensi-
tivity is not ascribed to heart failure but to
ventricular arrhythmias and sudden cardiac
death.8'0

LIMITATIONS OF THE STUDY
The study consisted of patients with uncom-
plicated myocardial infarction, that is, the
patients had no clinical signs of heart failure
or unstable angina pectoris. This constitutes a
selection bias by excluding severely ill
patients, in whom the most marked neuro-
hormonal activation would be expected.
Nevertheless, significant neurohormonal acti-
vation, especially in plasma noradrenaline,
was observed. In addition, we suppose that
this bias underestimates rather than over-
estimates the relationship between baroreflex
sensitivity and plasma noradrenaline.

Medical treatment of the patients was
based on clinical criteria. Medication was not
altered during the follow up. The beneficial
effect of /3 blocker therapy in the postinfarc-
tion population is well established.32 Thus in
our study a great majority of patients were on
,B blocker treatment. In addition, most of the
patients received antianginal medication,
either oral nitrates (31 patients) or calcium
channel blockers (five patients). In previous
studies ,B blockers have not had a consistent
effect on baroreflex sensitivity or its recov-
ery.'3-'6 We are not aware of studies reporting
the effect of nitrate therapy on baroreflex sen.
sitivity, but calcium channel blockers have
been reported to have no significant effect.37
In our study plasma noradrenaline remained a
significant determinant of baroreflex sensitiv-
ity when adjusted for medication. Thus it is
very unlikely that medication had an impor-
tant effect on the relationship between baro-
reflex sensitivity and plasma noradrenaline.

IMPLICATIONS OF THE STUDY
The impairment of cardiac autonomic regula-
tion associated with acute myocardial infarc-
tion, as well as cardiac autonomic regulation
in general, is a complex phenomenon.
Cardiac function is influenced by both sympa-
thetic and parasympathetic nervous systems
and particularly by the interaction between
the two. The complexity becomes evident in
this study, in which baroreflex sensitivity, an
index traditionally used to quantify cardiac
parasympathetic regulation, was found to be
related to plasma noradrenaline, a marker of
sympathetic activation. This does not belie
the concept that heart rate changes caused by
baroreceptor stimulation are primarily the
result of changes in cardiac parasympathetic
activity. However, we do suggest that baro-
reflex sensitivity is not entirely divorced from
sympathetic nervous system activity.
Accordingly, instead of interpreting baroreflex
sensitivity as a pure indicator of cardiac
parasympathetic regulation, it should be con-
sidered as a marker of cardiac sympathetic-
parasympathetic interaction.

CONCLUSIONS
In conclusion, the impairment of baroreflex
sensitivity as a consequence of myocardial
infarction was found to be associated with
increased sympathetic activation, but not with
the concentrations of plasma atrial natriuretic
factor, endothelin-1, or plasma renin activity.
We hypothesise that, in addition to cardiac
vagal regulation, baroreflex sensitivity pro-
vides information about cardiac sympathetic-
parasympathetic interaction.

This study was supported by Paavo Nurmi Foundation for
cardiovascular research and a research fellowship of The
European Society of Cardiology.
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