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Decreased cardiac parasympathetic activity in
chronic heart failure and its relation to left
ventricular function

J Nolan, A D Flapan, S Capewell, T M MacDonald, J M M Neilson, D J Ewing

Abstract
Background-Activation of the sym-

pathetic nervous system has been exten-
sively studied in patients with chronic
heart failure, but the parasympathetic
nervous system has received relatively
little attention. The objective in this
study was to investigate cardiac para-
sympathetic activity in chronic heart
failure and to explore its relation to left
ventricular function.
Methods-Heart rate variability was

measured from 24 hour ambulatory
electrocardiograms by counting the
number of times each RR interval
exceeded the preceding RR interval by
more than 50 ms (counts). This method
provided a sensitive index of cardiac
parasympathetic activity.
Results-Mean (range) of counts were:

waking 48 (1-275)/h, sleeping 62 (0-360)/
h, and total 1310 (31-7278)/24 h. These
were lower than expected, and in 26
(60%) of the 43 patients counts fell below
the lower 95% confidence intervals (95%
CI) for RR counts in normal subjects. A
significant correlation between total 24
hour RR counts and left ventricular ejec-
tion fraction was present (r = 0 49,
p < 005).
Conclusions-These results indicate

that most patients with chronic heart
failure have reduced heart rate
variability and therefore reduced
cardiac parasympathetic activity. The
degree of parasympathetic dysfunction
is related to the severity of left
ventricular dysfunction. This may be
relevant to the high incidence of
ventricular arrhythmias and poor
prognosis of patients with chronic heart
failure.

Unlike most other diseases of the cardio-
vascular system, the incidence and prevalence
of chronic heart failure is rising in the
Western world.'2 Chronic heart failure is
therefore an increasing cause of disability and
death in the community.
Autonomic control of the cardiovascular

system is deranged in chronic heart failure
and contributes to the pathophysiology of the
syndrome.' The sympathetic nervous system
has been widely studied and its activity is
enhanced in chronic heart failure.4 The

amount of sympathetic activation is linked to
symptoms5 and haemodynamic indices of
impaired left ventricular function.67 Although
the sympathetic nervous system is activated in
chronic heart failure, reflex changes in auto-
nomic activity during stress are impaired.89
Increasing sympathetic activation is associated
with a progressive rise in afterload leading
to a deterioration in myocardial pump func-
tion7 10 11 and has an inverse relation with
survival.'2 Although abnormal parasym-
pathetic function has also been found in
chronic heart failure, this has not been
extensively studied.3 14

Analysis of variability of heart rate has been
developed over the last decade as a useful
non-invasive way of measuring activity of
the autonomic nervous system. We have
developed a method, with 24 hour electro-
cardiograms, that is a reliable and a specific
index of cardiac parasympathetic function,'5
and is valid even in the presence of frequent
ventricular extrasystoles.'6
Our aims in this study were to determine

whether abnormal cardiac parasympathetic
activity is present in patients with chronic
heart failure and to examine the relation
between resting left ventricular function and
cardiac parasympathetic function.

Patients and methods
PATIENTS WITH CHRONIC HEART FAILURE

Sixty ambulatory patients (42 men) with
chronic heart failure due to ischaemic heart
disease were studied. Their mean age was 61
(range 36-72), and all had moderate limitation
of their daily activities, categorised as grade II
or III of the New York Heart Association
(NYHA) classification. Resting left ventricular
function was impaired in all patients. This was
assessed by a standard radionuclide technique
for calculation of ejection fraction.'7 The mean
(range) ejection fraction of patients was 17-8
(5-35)%. All patients were in sinus rhythm.

Patients were receiving only diuretics to
control their chronic heart failure, with a mean
(range) frusemide dose of 102 (40-160) mg. No
patient had diabetes or renal failure and their
clinical state had been stable for at least three
months before the study. No patient had any
history or clinical evidence of autonomic
neuropathy. Because a recent myocardial
infarction may affect cardiac parasympathetic
activity, we excluded all patients with a
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documented myocardial infarction during the
previous six months.
Tapes from 17 patients were excluded from

analysis because of the presence of frequent
supraventricular extrasystoles or technical
problems with tape quality. There were no
significant differences inbaselinecharacteristics
between the 43 patients (30 men, 13 women)
included and the 17 patients (12 men, five
women) excluded from further study.

MIETHODS
Electrocardiograms were obtained with a
miniature tape recorder (Tracker, Reynolds
Medical Limited) for 24 hours from all patients
during normal ambulant out of hospital
activities. Times ofgoing to bed and getting up
were noted by the patients.
Tapes were replayed through a Pathfinder

arrhythmia analyser (Reynolds Medical
Limited) at 120 times the original recording
speed. Heart rate variability was then assessed
by the count based time domain method we
have previously described.5 16 Briefly, each RR
interval was measured and successive beat by
beat RR interval differences calculated. Each
time an RR interval exceeded the preceding
interval by more than 50 milliseconds a count
was registered. Counts were accumulated and
the results presented as total 24 hour RR
counts, mean hourly waking RR counts, mean
hourly sleeping RR counts, and mean waking
and sleeping heart rates.

Segments of tape in which changes in RR
intervals occurred due to the presence of
ventricular extrasystoles were excluded from
analysis by the Pathfinder arrhythmia analyser,
which detected ventricular extrasystoles due to
the difference in their morphology and
timing." " As the Pathfinder arrhythmia
analyser is unable to detect atrial arrhythmias,
the signal was also closely monitored by the
operator and tapes in which atrial arrhythmias
occurred were discarded. Where less than 24
hours of recording were available for analysis,
the results were normalised to the equivalent of
24 hours. Recordings shorter than 18 hours or
with less than 40% of the tape suitable for
analysis were rejected.
We have already defined normal age related

95% confidence intervals (95% CI) for counts
with the same equipment and technique."9
Values obtained from patients with chronic
heart failure have been compared with this
normal range.
We have discussed the reasons why our

technique provides a measure of cardiac
parasympathetic activity.520 Abrupt changes
in RR interval that occur at the start of
muscular exercise, standing up, or lying down,
are mediated by the vagus nerve.2123 Variation
in RR interval is abolished in animals by
cutting the vagus nerve2' and in humans by
parasympathetic blockade with atropine,20 but
is unaffected by ,B adrenoreceptor blockade.'5
Patients with transplanted hearts and diabetic
patients with cardiovascular reflex evidence of
vagal damage have very little variability in RR
interval as measured by our technique.'5 Also,
animal studies suggest that the degree of

respiratory sinus arrhythmia is directly related
to vagal efferent activity.2"27
Our method also correlates well with the

high frequency ( >0 15 Hz) band of the power
spectrum,28 which is thought to be mediated by
cardiac parasympathetic pathways.29 0 Our
method is probably more specific as a measure
of cardiac parasympathetic activity than other
commonly used time domain methods.2 RR
interval counts that fall below the normal lower
95% CI therefore represent reduced cardiac
parasympathetic activity.

STATISTICAL ANALYSIS
Because the RR counts are not normally
distributed data were log transformed before
analysis. A simple linear regression was used to
investigate the relation between total 24 hour
RR counts and ejection fraction. Counts are
expressed as geometric mean (range). Heart
rates are expressed as arithmetic mean (SD).

Results
HEART RATE VARIABILITY
Group mean (range) counts of RR interval
changes were; waking 48 (1-275)/h sleeping 62
(0-360)/h, and total 1310 (31-7278)/24 h.
Counts were lower than the predicted mean
values for normal subjects ofthe same mean age
of 61 years (waking 72, sleeping 122, and total
2512). Figure 1 depicts total 24 hour RR counts
plotted against age. Twenty six of the 43
patients fell below the lower 95% CI for
normal subjects. Mean waking (85 (14) beats
per min) and sleeping (77 (15) beats per min)
were normal.
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Figure 1 Total 24 hour counts ofRR interval changes
plotted against age. Solid lines represent 95% confidence
intervals (95% CI) for counts in normal subjects.
Twenty six of the 43 patients with chronic heartfailure
had values below the lower 95% CI.
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Figure 2 Total 24 hour
counts ofRR interval
changes plotted against
radionuclide ejection
fraction. A significant
relation exists, with the
lowest counts obtained in
those patients with the
most severe impairment of
left ventricularfunction.
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* p < 005 activation is proportional to the clinical

severity of the heart failure.38 Angiotensin II is
* known to interact both centrally and peri-

pherally with the autonomic nervous system to
enhance sympathetic39 ' and inhibit parasym-
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ints obtained in the the course of anterior myocardial infarction.
impairment of left As chronic heart failure is more likely to occur

).49, p < 0.05). after anterior than inferior infarction, this lends
support to direct damage as a possible
mechanism for original parasympathetic
impairment in these patients, with increasing
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-tivity. Also, we have nomic imbalance is known to be linked to the
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rt failure, one using arrhythmias' and sudden death in chronic
2 and the other a heart failure.49 The increase in parasympathetic
lof analysis,33 show a activity that we demonstrated along with the
heart rate variability reduction in sympathetic activity that is known
Lrawbacks. Standard to occur with captopril treatment, may be
clearly differentiate relevant to these effects.
id parasympathetic We have also studied the effect of class I and
Lanalysis, unlike our class III antiarrhythmic drugs, commonly used
iable in the presence in the treatment of ventricular arrhythmias in
oles, which occur patients with chronic heart failure.'6 Some class
with chronic heart I agents reduce cardiac parasympathetic
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ventricular arrhythmias in chronic heart
failure.

In conclusion, we have shown that cardiac
parasympathetic activity is reduced in most
patients with chronic heart failure and that the
magnitude of this reduction is correlated with
the severity of left ventricular impairment.
Reduced heart rate variability is a powerful
independent risk factor for sudden death in
survivors ofmyocardial infarction.53 Long term
follow up studies of patients with chronic heart
failure are now needed to find out whether
reduced heart rate variability will have a similar
predictive value in these patients.
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