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Abstract: In this paper spectral analysis of the shortterm heart rate variability (HRV) in a group of patients
with severe autonomic dysfunction (familial amyloidotic
polyneuropathy) and in healthy subjects is assessed
using the discrete wavelet transform.

Analysis of spectral power in different frequency
bands indicated that HRV was decreased in most
patients although the two groups were overlapped. The
different HRV pattern in the patients was enhanced
when principal component analysis was used. A
classification was made based on an artificial neural
network. Only one patient was classified as belonging to
the control group.

INTRODUCTION
Spectral analysis of short-term heart rate variability
(HRV) as a tool in the diagnosis of autonomic neuropathy
has frequently been assessed using autoregressive (AR)
modelling

[].

Spectral power

is in general found in

the

very low frequency (VLF, 0-0.03 Hz), the low frequency
(LF, 0.04-0.15 Hz) and the high frequency (HF, 0.15-0.40
Hz) bands, respectively. The selection of model order for
the AR-model is however not obvious, and criteria such
Akaike's information criterion are often used.

ln

healthy subjects the power

as

in the LF band is

associated with the baroreflex loop and is normally centred

around 0.1 Hz,

but in some diabetic

patients

the

corresponding peak has been found to be shifted to lower
frequencies [2]. LF modulation is a marker of sympathetic
modulation, whereas the HF band reflects vagal modulation
and is correlated with respiratory activity, provided that the
breathing frequency is above 0.15 Hz []. The origin of
VLF fluctuations is unclear and requires long data series.

Familial autonomic polyneuropathy (FAP) is a
hereditary disease characterised by systemic amyloidosis
and sensimotor polyneuropathy. FAP has been diagnosed in

several countries including Portugal, Japan, the United
States and the northern part of Sweden. Spectral analysis
HRV in FAP patients has previously been assessed [3].

In this paper we use a time frequency method -

of

the

discrete wavelet ffansform (DWT) - as an alternative to ARmodelling to analyse the non-stationary HRV data.

METHOD
Twenty-two FAP patients (age 26-60 years) and 101
healthy controls (age 20-80 years) were included in the
study. After a resting period of l0 minutes, ECG and
respiration were recorded during 6 minutes with the subject
in the supine position during normal spontaneous breathing,

data collection for another 4 minutes. ECG was measured
with a cardioscope (Hellige-Servomed) and digitised at 500

Hz. Respiration was measured with a nasal thermistor or
thoractic belt with a piezo-elecffic transducer.
R-waves were detected and reciprocals of artefact-free
series of R-R intervals were transformed to an immediate
heart rate series by cubic spline interpolation with a sample
interval of 0.5 s and duration of 128 s. The mean heart rate
( HR) was calculated and subtracted from the data.

All data series were screened for

occurence of

substantial anhythmia or complex patterns in the beat-tobeat heart rate of non-neural origin. This was performed by
consffucting Poincar6 graphs, i.e. plots of each R-R interval
against the subsequent value t4l. The patients in the
anhyhmia group were excluded from the spectral analysis.
A time-frequency decomposition was performed using a

discrete wavelet ffansform based

on the

Daubechies'

orthogonal least asymmetric filters to a transform depth of 5
levels [5]. Spectral power was estimated in five frequency
bands PrPs with upper limits 0.031, 0.062, 0.125,0.250
and 0.500 Hz. The location of spectral peaks within these
bands can not be estimated with this method.
By defining Pvrp:Pt, Pyp:P2rP3 and Psp:Pa*Pr,
essentially the same band' limits are obtained as those
defined by many authors using AR-models. All spectral
indices were log-transformed and adjusted for age using
coefficients from linear regression on the control group.
Due to the short segment length, the power in the VLF band
was not used in any further analysis, but served as an
alternative to a removal of a linear or polynomial trend.
The spectral and heart rate variables for subject i from
the two test situations (lying and standing) were considered
as a point in a ten-dimensional space:

X,

:

rr

lHRt, Pr,,... Pr,, HRr, Pr,,..., Prrl

ftl

The HRV vectors for all n subjects were inserted in

a

maffix:

X-

[x,t,...,*If'

(2)

All variables were scaled to

zero mean and unit variance
and the matrix was decomposed using principal component

An artificial neural network (ANN) was
construction of decision regions in the tendimensional space given by (1). The ANN consisted of a
hidden layer with one neuron with a tan-sigmoid transfer
function, and a output layer with one linear neuron. The
backpropagation algorithm was used for training [6]. Every
third control subject (output l) and every second FAP
analysis (PCA).

used

for

patient (output 0) were included in the training data set.

The Matlab software (MathWorks, Naticks, Ma.) was
for data recording and subsequent analysis. The

used

followed by passive tilt to 70 degrees upright position and
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Wavbox toolbox (WavBox ToolSmiths, Stanford, Ca) was
used for the wavelet transformation.
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RESULTS
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Spectral analysis could not be assessed in 7 patients due

to

in the

frequent arrhythmia. HRV was reduced
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Figure 3. Classification of HRV vectors using an artificial
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l. Estimated power for controls (+) and FAP
(r) in different frequency bands using the DWT.

The first three principal components explained 80Yo, 6%o
and 50Ä of the variance in the HRV data. The scores after

to the

transformation

space

of the first two principal

components are shown in figure 2.
8

was a clear separation between the groups.

The interpretation of the results in this study in terms of

sympathetic

and parasympathetic dysfunction
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DISCUSSION

The findings in this study based on the DWT for
spectral analysis of the HRV are similar to those in [3]
where AR-modelling was used. There is some overlap in
spectral band power between the FAP patients and the
healthy subjects.

384

requires

further studies.

[]A.

b

pc2

The different pattern in heart rate and HRV during rest
and provocation (passive tilt) in the patients is however
enhanced when multivariate methods are used. Only one
FAP patient was classified to the conffol group when a
discrimination threshold of 0.I was selected. This patient
had the largest values of spectral indices of all patients and
showed no evidence of autonomic dysfunction. An ANN is
capable of consffucting very complex decision boundaries.
We used a simple ANN since the PCA indicated that there
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