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Figure 9 Comparison of positive predictive characteris-
tics of HRV (solid lines) and of combinations of HRV with
left ventricular ejection fraction (dashed lines) and of
HRV with left ventricular ejection fraction and ectopic
counts on 24-h ECGs (dotted lines) used for identification
of patients at risk of 1-year cardiac mortality (a) and
1-year arrhythmic events (sudden death and/or sympto-
matic sustained ventricular tachycardia (b) after acute
myocardial infarction. (Data of St. George's Post-
infarction Research Survey Programme.)

use of nominal 24-h recordings may be recommended
for risk stratification studies after MI. On the other
hand, the assessment of HRV from short-term record-
ings can be used for initial screening of survivors of
acute Ml'1361. Such an assessment has similar sensitivity
but lower specificity for predicting patients at high risk
compared to 24-h HRV.

Spectral analysis of HRV in survivors of MI
suggested that the ULF and VLF components carry the
highest predictive value193'. As the physiological correlate
of these components is unknown and as these compo-
nents correspond to up to 95% of the total power which
can be easily assessed in the time-domain, the use of
individual spectral components of HRV for risk stratifi-
cation after MI is not more powerful than the use of
those time-domain methods which assess overall HRV.

Development of HRV after acute myocardial infarction
The time after acute MI at which the depressed HRV
reaches the highest predictive value has not been inves-
tigated comprehensively. Nevertheless, the general con-
sensus is that HRV should be assessed shortly prior to
hospital discharge, i.e. approximately 1 week after index
infarction. Such a recommendation also fits well into the
common practice of hospital management of survivors
of acute MI.

Heart rate variability is decreased early after
acute MI and begins to recover within a few weeks; it is
maximally but not fully recovered by 6 to 12 months
after MI[91'1371. Assessment of heart rate variability at
both the early stage of MI (2 to 3 days after acute Ml)'841

and pre-discharge from hospital (1 to 3 weeks after acute
MI) offers important prognostic information. Heart rate
variability measured late (1 year) after acute MI also
predicts further mortality11381. Data from animal models
suggest that the speed of HRV recovery after MI
correlates with subsequent risk'1151.

HR V used for multhariate risk stratification
The predictive value of heart rate variability alone is
modest, but combination with other techniques substan-
tially improves its positive predictive accuracy over a
clinically important range of sensitivity (25% to 75%) for
cardiac mortality and arrhythmic events (Fig. 9).

Improvements in the positive predictive accuracy
over the range of sensitivities have been reported
for combinations of HRV with mean heart rate, left
ventricular ejection fraction, frequency of ventricular
ectopic activity, parameters of high resolution electro-
cardiograms (e.g. presence or absence of late potentials),
and clinical assessment1'391. However, it is not known
which other stratification factors are the most practical
and most feasible to be combined with HRV for
multifactorial risk stratification.

Systematic multivariate studies of post MI risk
stratification are needed before a consensus can be
reached and before a combination of HRV with other
variables of proven prognostic importance can be rec-
ommended. Many aspects that are not relevant for
univariate risk stratification need to be examined: it is
not obvious whether the optimum cut-off values of
individual risk factors known from univariate studies are
appropriate in a multivariate setting. Different multi-
variate combinations are probably needed for optimiz-
ing predictive accuracy at different ranges of sensitivity.
Stepwise strategies should be examined to identify
optimum sequences of performing individual tests used
in multivariate stratification.

Summary and recommendations for interpreting
predictive value of depressed HR V after acute
myocardial infarction
The following facts should be noted when exploiting
HRV assessment in clinical studies and/or trials
involving survivors of acute myocardial infarction.

Depressed HRV is a predictor of mortality and
arrhythmic complications independent of other
recognised risk factors.

There is a general consensus that HRV should be
measured approximately 1 week after index infarction.

Although HRV assessed from short-term record-
ings provides prognostic information, HRV measured in
nominal 24-h recordings is a stronger risk predictor.
HRV assessed from short-term recordings may be used
for initial screening of all survivors of an acute MI.
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Standards of heart rate variability 371

No currently recognised HRV measure provides
better prognostic information than the time-domain
HRV measures assessing overall HRV (e.g. SDNN or
HRV triangular index). Other measures, e.g. ULF of
entire 24-h spectral analysis, perform equally well. A
high risk group may be selected by the dichotomy limits
of SDNN <50 ms or HRV triangular index <15.

For clinically meaningful ranges of sensitivity,
the predictive value of HRV alone is modest, although it
is higher than that of any other so far recognised risk
factor. To improve the predictive value, HRV may be
combined with other factors. However, optimum set of
risk factors and corresponding dichotomy limits have
not yet been established.

Assessment of diabetic neuropathy

As a complication of diabetes mellitus, autonomic
neuropathy is characterized by early and widespread
neuronal degeneration of small nerve fibres of both
sympathetic and parasympathetic tracts1'401. Its clinical
manifestations are ubiquitous with functional impair-
ment and include postural hypotension, persistent tachy-
cardia, gustatory sweating, gastroparesis, bladder atony
and nocturnal diarrhoea. Once clinical manifestations of
diabetic autonomic neuropathy (DAN) supervene, the
estimated 5-year mortality is approximately 50%[1411.
Thus, early subclinical detection of autonomic dysfunc-
tion is important for risk stratification and subsequent
management. Analyses of short-term and/or long-term
HRV have proven useful in detecting DAN196'142"1471.

For the patient presenting with a real or suspect
DAN there are three HRV methods from which to
choose: (a) simple bedside RR interval methods, (b)
long-term time-domain measures, which are more
sensitive and more reproducible than the short-term
tests, and (c) frequency-domain analysis performed
under short-term steady state conditions and which are
useful in separating sympathetic from parasympathetic
abnormalities.

Long-term time domain measures
HRV computed from 24-h Holter records are more
sensitive than simple bedside tests (e.g. Valsava
manoeuvre, orthostatic test, and deep breathing1'1]) for
detecting DAN. Most experience has been obtained with
the NN50"44' and SDSD (see Table 1)[145] methods.
Using the NN50 count, where the lower 95% confidence
interval for total counts range from 500 to 2000 depend-
ing on the age, about half of diabetic patients will
demonstrate abnormally low counts per 24 h. Moreover,
there is a strong correlation between the percentage
of patients with abnormal counts and the extent of
autonomic neuropathy determined from conventional
measures.

Besides their increased sensitivity, these 24-h
time domain methods are strongly correlated with other
established HRV measurements and have been found
to be reproducible and stable over time. Similar to

survivors of MI, patients with DAN are also predis-
posed to poor outcomes such as sudden death but it
remains to be determined whether the HRV measures
confer prognostic information among diabetics.

Frequency domain measures
The following abnormalities in frequency HRV analy-
sis are associated with DAN: (a) reduced power in
all spectral bands which is the most common find-
ing196-146"1481, (b) failure to increase LF on standing,
which is a reflection of impaired sympathetic response or
depressed baroreceptor sensitivity196'1471; (c) abnormally
reduced total power with unchanged LF/HF ratio1961,
and (d) a leftward shift in the LF central frequency,
the physiological meaning of which needs further
elucidation1'471.

In advanced neuropathic states, the resting
supine power spectrum often reveals extremely low
amplitudes of all spectral components making it diificult
to separate signal from noise196'146'1471. It is therefore
recommended that an intervention such as standing or
tilt be included. Another method to overcome the low
signal to noise ratio is to introduce a coherence function
which utilizes the total power coherent with one or the
other frequency band1'461.

Other clinical potential

Selected studies investigating HRV in other cardio-
logical diseases are listed in Table 4.

Future possibilities

Development of HR V measurement

The currently available time-domain methods predomi-
nantly used to assess the long-term profile of HRV are
probably sufficient for this purpose. Improvements are
possible, especially in terms of numerical robustness.
The contemporary non-parametric and parametric
spectral methods are probably sufficient to analyse
short-term ECGs without transient changes of heart
period modulations.

Apart from the need to develop numerically
robust techniques suitable for fully automatic measure-
ment (the geometrical methods are only one possibility
in this direction), the following three areas deserve
attention.

Dynamics and transient changes of HRV
The present possibilities of characterizing the quantify-
ing the dynamics of the RR interval sequence and
transient changes of HRV are sparse and still under
mathematical development. However, it may be
assumed that proper assessment of HRV dynamics will
lead to substantial improvements in our understanding
of both the modulations of heart period and their
physiological and pathophysiological correlates.
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Table 4 Summary of selected studies investigating the clinical value of HR V in cardiological diseases other than
myocardial infarction

Disease state
Author
of study

Population
(no. of patients)

Investigation
parameter Clinical finding Potential value

Hypertension Guzzetti
1991[i49]

Langewitz
,9941150)

Congestive heart Saul
failure 19881'"1

Casolo
19891'02'

Binlcley
1991M52]

49 hypertensive
30 normals

41 borderline
hypertensive
34 hypertensive
54 normals

25 chronic CHF
NYHA III, IV
21 normals

Spectral AR

Spectral FFT

| LF found in
hypertensives as compared
to normals with blunting
of circadian patters

Reduced parasympathetic
in hypertensive patients

Spectral
Blackman-Turkey
15 min
acquisition

1 spectral power all
frequencies, especially
>004 Hz in CHF patients

20 CHF Time-domain RR Low HRV
NYHA II, III, IV interval histogram
20 normals with 24 h-Holter

10 dilated
cardiomyopathy
(EF 14 to 40%)
10 normals

Spectral FFT
4 min supine
acquisition

\ m high frequency power
(>01 Hz) in CHF
t LF/HF

Kjenzle
1992[1O4]

Townend
,9921153]

Binkley
1993[i54]

Woo
1994M55]

Heart Alexopoulos
transplantation 19881'5*1

Sands
,93911001

Chronic mitral Stein
regurgitation 1993[l57]

23 CHF
NYHA II, III, IV

12 CHF
NYHA III, IV

13 CHF
NYHA II, III

21 CHF
NYHA III

19 transplant
10 normals

17 transplant
6 normals

38 chronic mitral
regurgitation

Spectral FFT
Time-domain
24-48 h-Holter

Time domain
24 h-Holter

Spectral FFT
4 min supine
acquisition

Poincare plots
Time-domain
24 h-Holter

Time-domain
24 h-Holter

Spectral FFT
15 min supine
acquisition

Spectral FFT
Time-domain
24 h-Holter

Alterations of HRV not
tightly linked to severity of
CHF
i HRV was related to
sympathetic excitation

HRV t during ACE
inhibitor treatment

12 weeks of ACE inhibitor
treatment | high
frequency HRV

Complex plots are
associated with |
norepinephrine levels and
greater sympathetic
activation

Reduced HRV in
denervated donor hearts;
recipient innervated
hearts had more HRV

HRV from 002 to l - 0 H z -
90% reduced

HR and measures of
ultralow frequency by
SDANN correlated with
ventricular performance
and predicted clinical events

Mitral valve
prolapse

Marangoni 39 female mitral
valve prolapse
24 female
controls

Spectral AR
10 min supine
acquisition

MVP patients had j high
frequency

Hypertension is
characterized by a
depressed circadian
rhythmicity of LF

Support the use of
non-pathological therapy of
hypertension that | vagal
tone (e.g. exercise)

In CHF, there is [ vagal, but
relatively preserved
sympathetic modulation of
HR

Reduced vagal activity in
CHF patients

Withdrawal of
parasympathetic tone
observed in CHF
CHF has imbalance of
autonomic tone with j
parasympathetic and a
predominance of
sympathetic tone

A significant augmentation
of parasympathetic tone
was associated with ACE
inhibitor therapy

Poincare plots may assist
analysis of sympathetic
influences

Patients with rejection
documented biopsy show
significantly more variability

May be prognostic indicator
of atrial fibrillation, mortality,
and progression to valve
surgery

MVP patients had low vagal
tone

Continued
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Table 4 Continued.

Disease state
Author
of study

Population
(no. of patients)

Investigation
parameter

Clinical finding Potential value

Cardiomyopathies

Sudden death or
cardiac arrest

Counihan
1993I159]

Dougherty

Huikuri
1992I>«»

104 HCM

16 CA survivors
5 CA
nonsurvivors
5 normals

22 CA survivors
22 control

Spectral FFT
Time-domain
24 h-Holter

Spectral AR
Time-domain
24 h-Holter

Spectral AR
Time-domain
24 h-Holter

Global and specific vagal
tone measurements of
HRV were [ in
symptomatic patients

HRV as measured by low
frequency power and
SDNN were significantly
related to 1 year mortality

| High frequency power in
CA survivors — low
frequency power did not
discriminate CA survivors
Orcadian pattern of HRV
found in all patients

Ventricular
arrhythmias

Algra
1993["°1

Myers
1986II62]

Martin
1988[163]

Vybiral
1993[I641

Huikun
19931165]

Hohnloser
1994"66'

193 SD cases
230
symptomatic
patients

6 normals
12 patients with
structural heart
disease (6 with
and 6 without
SD)

20 normals
5 patients
experiencing SD
during Holter
monitoring

24 VF
19 CAD

18 V T o r C A

14 post MI with
VF or sustained
14 Dost MI

Time-domain
24 h-Holter

Time and
frequency domain
24 h-Holter

Time-domain
24 h-Holter

Time-domain
24 h-Holter

Spectral AR
24 h-Holter

Spectral FFT
Time-domain
24 h-Holter

I short-term variation
(005-0-50 Hz)
independently increased
the risk of SD by a factor
2-6
I long-term variation
(002-005 Hz) increased
the risk of SD by a factor
of 2

Both time and frequency
domain indices separated
normals from SD patients
i HF power (0-35-0-5 Hz)
was the best separator
between heart disease
patients with and without SD

SDNN index significantly
lower in SD patients

HRV indices do not
change consistently
before VF
all power spectra of HRV
were significantly | before
the onset of sustained VT
than before nonsustained VT

HRV of post MI-CA
survivors do not differ
from other oost MI

(matched) patients they differ strikingly
in term of baroreflex
sensitivity

Supraventricular Kocovic 64 SVT Spectral FFT | HR, | HRV and [
arrhythmias 19931'671 Time-domain parasympathetic

acquisition components after
24 h-Holter radiofrequency ablation

HRV does not add to the
predictive accuracy of
known risk factors in HCM

HRV is clinically useful to
risk stratify CA survivors for
1 year mortality

HRV may be used to
estimate the risk of SD

HF power may be a useful
predictor of SD

Time domain indices may
Identify increased risk of SD

A temporal relation exists
between the decrease of
HRV and the onset of
sustained VT

Baroreflex sensitivity, not
HRV, distinguished post MI
patients with and without VF
andVT

Parasympathetic ganglia
and fibres may be more
dense in the mid and
anterior low septum

AR = autoregressive; CA=cardiac arrest; CAD=coronary artery disease; CHF=congestive heart failure; EF=ejection fraction; FFT=fast
Fourier transform; HCM = hypertrophic cardiomyopathy; HF=high frequency; HRV = heart rate variability; LF=low frequency;
NYHA = New York Heart Association classification; SD=sudden death; SVT=supraventricular tachycardia; VF=ventricular fibrillation;
VT=ventricular tachycardia.
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It remains to be seen whether the methods of
non-linear dynamics will be appropriate for the
measurement of transient changes in RR intervals or
whether new mathematical models and algorithmic
concepts will be needed to tailor the principles of
measurement more closely to the physiological nature of
cardiac periodograms. In any case, the task of assessing
transient changes in HRV seems to be more important
than further refinements of the current technology used
to analyse stable stages of heart period modulations.

PP and RR intervals
Little is known about the interplay between the PP
and PR autonomic modulations. For these reasons, the
sequence of PP intervals should also be studied'1681.
Unfortunately, precise location of a P wave fiducial
point is almost impossible to achieve in surface ECGs
recorded with the current technology. However,
developments in the technology should allow PP interval
and PR interval variability to be investigate in future
studies.

Multisignal analysis
The modulations of heart periods are naturally not
the only manifestation of the autonomic regulatory
mechanisms. Currently, commercial or semi-commercial
equipment exists which enables simultaneous recording
of ECG, respiration, blood pressure, etc. However, in
spite of the ease with which the signals can be recorded,
no widely accepted method exists for comprehensive
multisignal analysis. Each signal can be analysed separ-
ately, e.g. with parametric spectral methods, and the
results of the analysis compared. Analysis of coupling
between physiological signals allow the properties of the
coupling to be measured'169"174'.

Studies needed to improve physiological
understanding

Efforts should be made to find the physiological corre-
lates and the biological relevance of various HRV
measures currently employed. In some cases, e.g. the HF
component, this has been achieved. In other cases,
e.g. the VLF and ULF components, the physiological
correlates are still largely unknown.

This uncertain knowledge limits the interpreta-
tion of associations between these variables and the risk
of cardiac events. The use of markers of autonomic
activity is very attractive. However, unless a tenable
mechanistic link between these variables and cardiac
events is found, there is an inherent danger of concen-
trating therapeutic efforts on the modification of these
markers'1"'"21. This may lead to incorrect assumptions
and serious misinterpretations.

Possibilities of future clinical utility

Normal standards
Large prospective population studies with longitudinal
follow-up are needed to establish normal HRV stan-

dards for various age and gender subsets'110'. Recently,
investigators from the Framingham Heart Study
reported on the time- and frequency-domain measures
of HRV in 736 elderly subjects, and the relationship of
these HRV measures to all-cause mortality during 4
years of follow-up'1751. These investigators concluded
that HRV offers prognostic information independent of
and beyond that provided by traditional risk factors.
Additional population-based HRV studies involving the
full age spectrum in males and females need to be
performed.

Physiologic phenomena
It would be of interest to evaluate HRV in various
circadian patterns such as normal day-night cycles,
sustained reversed day-night cycles (evening-night shift
work), and transiently altered day-night cycles, such as
might occur with international travel. The autonomic
fluctuations occurring during various stages of sleep
including rapid eye movement (REM) sleep have been
studied in only a few subjects. In normal subjects, the
HF vagal component of the power spectrum is aug-
mented only during non-REM sleep, whereas in post-MI
patients with this increase in HF is absent'176'.

The autonomic nervous system response to ath-
letic training and rehabilitative exercise programmes
after various disease states is thought to be a condition-
ing phenomenon. HRV data should be useful in under-
standing the chronological aspects of training and the
time to optimal conditioning as it relates to the auto-
nomic influences on the heart. Also, HRV may provide
important information about deconditioning with pro-
longed bed rest, with weightlessness and with the zero g
that accompanies space flight.

Pharmacological responses
Many medications act directly or indirectly on the
autonomic nervous system, and HRV can be used to
explore the influence of various agents on sympathetic
and parasympathetic activity. It is known that para-
sympathetic blockade with full dose atropine produces
marked diminution of HRV. Low dose scopolamine has
vagotonic influences and is associated with increased
HRV, especially in the HR range. /?-adrenergic blockade
was observed into increase HRV and to reduce the
normalized units of the LF component'151. Considerably
more research is needed to understand the effects and
clinical relevance of altered vagotonic and adrenergic
tone on total HRV power and its various components in
health and disease.

At present, few data exist on the effects of
calcium channel blockers, sedatives, anxiolytics, analge-
sics, anaesthetics, antiarrhythmic agents, narcotics,
and chemotherapeutic agents such as vincristine and
doxorubicin on HRV.

Risk stratification
Both time and frequency measures of HRV calculated
from long 24-h and short 2 to 15-min ECG recordings
have been used to predict time to death after MI, as well
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as the risk of all-cause mortality and sudden cardiac
death in patients with structural heart disease1'62'1631771

and a number of other pathophysiological condi-
tions'1771. Using diagnostic instruments that can measure
HRV, together with the frequency and complexity
of ventricular arrhythmias, signal-averaged ECG, ST
segment variability, and repolarization heterogeneity, it
should be possible to markedly improve the identifica-
tion of patients at risk for sudden cardiac death and
arrhythmic events. Prospective studies are needed to
evaluate the sensitivity, specificity, and predictive
accuracy of combined testing.

Fetal and neonatal heart rate variability is an
important area of investigation, and it might provide
early information about fetal and neonatal distress
and identify those at risk for the sudden infant death
syndrome. Most of the preliminary work in this field was
carried out in the early 1980s before the more sophisti-
cated power spectral techniques became available. In-
sight into autonomic maturation in the developing fetus
might also be possible through the proper application of
these techniques.

Disease mechanisms
A fertile area of research is to use HRV techniques to
explore the role of autonomic nervous system alterations
in disease mechanisms, especially those conditions in
which sympathovagal factors are thought to play an
important role. Recent work suggests that alterations in
autonomic innervation to the developing heart might
be responsible for some forms of the long QT syn-
drome1'781. Fetal HRV studies in pregnant mothers with
this disorder is certainly feasible and might be very
informative1'791.

The role of the autonomic nervous system in
essential hypertension is an important area of investiga-
tion[180]. The question regarding the primary or second-
ary role of enhanced sympathetic activity in essential
hypertension might be answered by longitudinal studies
of subjects who are initially normotensive. Does essen-
tial hypertension result from augmented sympathetic
activity with altered responsiveness of neural regulatory
mechanisms?

Several primary neurological disorders including
Parkinson's disease, multiple sclerosis, Guillain-Barre
syndrome, and orthostatic hypotension of the Shy-
Drager type are associated with altered autonomic func-
tion. In some of these disorders, changes in HRV may be
an early manifestation of the condition and may be
useful in quantitating the rate of disease progression
and/or the efficacy of therapeutic interventions. This
same approach may also be useful in the evaluation of
secondary autonomic neurologic disorders that accom-
pany diabetes mellitus, alcoholism, and spinal cord
injuries.

Conclusion
Heart rate variability has considerable potential to as-
sess the role of autonomic nervous system fluctuations in
normal healthy individuals and in patients with various

cardiovascular and non-cardiovascular disorders. HRV
studies should enhance our understanding of physiologi-
cal phenomena, the actions of medications, and disease
mechanisms. Large prospective longitudinal studies are
needed to determine the sensitivity, specificity, and pre-
dictive value of HRV in the identification of individuals
at risk for subsequent morbid and mortal events.
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Appendix A

Normal values of standard measures of heart
rate variability

As no comprehensive investigations of all HRV indices
in large normal populations have yet been performed,
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Variable Units Normal values
(mean ± SD)

Time domain analysis of nominal 24 h1'8'1

SDNN
SDANN
RMSSD
HRV triangular index

Spectral analysis

total power
LF
HF
LF
HF
LF/HF ratio

ms
ms
ms

of stationary supine 5-min

ms2

ms2

ms2

n.u.
n.u.

141 ±39
127 ±35
27 ± 12
37±15

recording

3466± 1018
1170 ± 416
975 ± 203

54±4
29 ±3
1-5-20

some of the normal values listed in the following table
were obtained from studies involving small number of
subjects. The values should therefore have been consid-
ered as approximate and no definite clinical conclusions
should be based on them. The adjustment of normal
limits for age, sex, and environment which is also needed
has been omitted here because of the limited sources of
data.

The table lists only values of those measures of
HRV which might be suggested for standardisation of
further physiological and clinical studies.

Appendix B

Suggestion of procedures for testing of
commercial equipment designed to measure

heart rate variability

Concept
In order to achieve comparable accuracy of measure-
ments reported by different commercial equipment, each
device should be tested independently of the manufac-
turer (e.g. by an academic institution). Each test should
involve several short-term and, if applicable, long-term
test recordings with precisely known HRV parameters
and with different morphological characteristics of the
ECG signal. If the involvement of the manufacturer is
required during the testing procedure (e.g. for manual
editing of the labels of QRS complexes), the manufac-
turer must be blinded in respect of both the true HRV
parameters of the testing recordings and the features
used to obtain the signal. In particular, when the results
of the test are disclosed to the manufacturer for further
improvement of the device or other wise, new tests
should involve a completely new set of test recordings.

Technical requirements
Each device should be tested comprehensively including
all its parts. In particular, the test should involve both

the recording and the analytical part of the device. An
appropriate technology should be used to record a fully
reproducible signal with precisely known HRV param-
eters, e.g. the test signal should be computer and/or
hardware generated. Both brand new recorders as well
as recorders which have been routinely used and rou-
tinely serviced for approximately a half of their lifetime
should be used in the tests if this is feasible (the testing
should not be delayed for newly introduced systems).
If a manufacturer claims that the device is capable
of analysing ECG records (such as Holter tapes) ob-
tained with recorders of other manufacturers, each
combination should be tested independently.

As the analysis of HRV by implantable devices
may be foreseen, similar procedures as described further
should be used to generate simulated intracardiac sig-
nals. If feasible, implantable devices with fully charged
batteries as well as devices with partly discharged
batteries should be tested.

Test recordings
It is intrinsically difficult to know precisely the HRV
parameters of any real ECG recordings independently of
equipment used to analyse the recording. Therefore,
simulated ECG signals are preferable. However, the
morphology of such simulated ECG signals as well as
the HRV characteristics must closely reflect the mor-
phology of real recordings. The discrete frequency used
to generate such signals must be substantially higher
than the sampling frequency of the tested device. Fea-
tures which should be introduced into such recordings
should include different factors known to influence or
potentially influence the precision of HRV assessment,
e.g. variable noise levels, variable morphology of QRS
signals which may cause jitter of the fiducial point,
randomly alternating noise in different channels of the
signal, gradual and abrupt changes of HRV character-
istics, and different frequencies of atrial and ventricular
ectopic beats with realistic morphologies of the signal.

The quality of records on magnetic tape based
systems may not be constant during long-term recording
due to spool torque control, back tension, and other
factors. Performance of all recorders can be influenced
by changes of the outside environment. Long-term
(e.g. full 24-h test) rather than short-term tests should
therefore be used.

Testing procedures
Each device or each configuration of the device should
be tested with several different recordings having differ-
ent mixtures of features and different HRV characteris-
tics. For each test record and for each selected portion of
the test record, the HRV parameters obtained from the
commercial device should be compared with the known
characteristics of the initial signal. Any discrepancies
found should be itemised in respect of features intro-
duced into the recording, e.g. errors caused by increased
noise, errors due to fiducial point wander, etc. System-
atic bias introduced by the equipment as well as its
relative errors should be established.
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Reporting the results
A technical report of the testing should be prepared
solely at the testing site independent of the manufac-
turers) of the tested device.
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