A Study of Respiratory Modulation of
Cardiac Inter Beat Interval
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A study hat been made (o establish the complex relationship hetween (he changes inthe
rite of breathing and subsequent modulation of carding Interbeat intervals,  Spectrul
analysis and ihe system funclion studies in complex frequency damainwere efectively used
with the help of Digital Compuler Lo Arrive at quantifinblec resulis. Some bhasic dssgumptions
have been shown io. he erroncous and stops required o wvoid these pitfalls have been
bighlighted. The study showed the possibility af correetly predivting cartnin change in the
cardige interbent interval pattern under different breathing vonditivngs,

Iniroduction

Maodulation of the heart rate due to
respiration has been ohserved and studied
since many years, Periodic clectro-phy-
sinlogical and mechanical acrivity of the
heart is initiated by the sinus nede and
the modulalion of the sinus rhythm is
called sinus arrhylthmia where cardio-
acceleration is associated with inspiration
and cardiac slowing with expiration. How-
ever; on closer studies this basic assump-
tion has not been found to bhe eatirely
correct and thus an effort has been made
o establish the complex iner-relationship
by using speetral analysis ‘and system
function study wiih the help of Digial
Compuigr.

There are two central problems in this
study—requirement of a satisfactory, de-
tailed, guantitative representation of the
beat-by-beal variations of the heart which
can he explored in respect of its potential

relatian to other physiological time-vary-
ing processes; and the need fora correct
analytical technique wherehy a definite
relation can be established and preferahly
guantified, Though the exislence of 4
relation between respiration and variations
it the heart rate has been commonly
ohserved and studied, quaneitative analy-
sis of the relation has been rather scanty.
A peneralisad statement deseribing sinuws
arrhythmia to be ‘in phase” with breathing
and thenee deducing a cduse-and-effect
relation between  different  swstems s
incomplete which also gives un iden of a
similar response irrespective of the waria-
tions in respiratior.  The suceess in esta-
blishing a guantifiable relation between
these two parameters would, therelore;
help in correctly pradicting the change in
heart rule inassociation with any Lype of
hreathing in normal and physiologically
abnormal conditions like hyvpoxia, pressure
breathing, hyperventilation, ele. This s
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likely to help in explaining some of the
ECG viriations amang normal individnals
leading to a helter evaluation,

The rate of hreathing over a given time
interval should provide much information
about the corresponding heart rate fluctu-
ations around the mean value. However,
it has been found that respiralory varia-
tions of the henrl tate 15 a phenomenon
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where breathing frequency takes a signifi-
cant part and (hus an attempt can be made
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1o describe the system response with its
specific characteristics. The apparent
pitfall in this type of experiment has
to be kept in mind. An  atlempted
constunt rute of breathing by the subject
is usunlly expected 10 bhe of sinusoidal
pattern and is considered 1o haye a single
frequency per unit time.  Recorded respi-
ration from & pneumotachograph in Fig. I,
can explain the basic erroncous assumplion
of n single frequency content of the respi-
ration signal. It can be seen that this type
of signal can hardly be called as a4 sinu-
soidal wavelform of one frequency and the
system response ealeolated on thissssump-
ticy cannot be true except in a very pross
way. Fourier analysis is of great value in
analysing such a signal,

Muathematical Basis

A fune-varying: signal f () can be
represented by a Fourier series consisting
a range of frequencies, each of which is
represented by a sine and & eosine term

and thus represented as :

{a. Cosnayt+ b, Sin nw,l)
n=1

and in complex plan

f#) = La,

where
Cn=
.\r-'

| @ + bas ¥y

=0
F X Cn Cos (Magftdn)
n=1I

= gretan (b, a,)
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While analysing the variations in the
heart rale (the nature of the Auctuation
over a period of time cannot be truly repr-
esented by the mean value or the short-
term variabions of the mean or of the stan-
dard deviation A better way of dealing
with this problem is 1o study the sequence
of intervals between successive heart bats,
i€, the cardive intérbeat interval, which
garries information about beat-by-heat
variations. The cordiae interbeat interval
seguence Lhus obluined, can then he Ireal-
ed as interval signal and this gready enha-
nees the investigating capahilities heecausc
highly powerful modern techniques of sig-
nal analysis can then be employed.

Analysis of a linear system can then be
achieved with a given input in the form of
breathing and observing the output in the

form of cardize inlcrbeat interval #@sin
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A sthemal repregoalstan g 2 tystem mespanse
with o gves izul Sond obsercrd culpcd

Consider x¢1) asan input to and ult) as
an cuipul from the system whose impulse
response, expressed in the complex freque-
ney demain. is H{w). The frequency rés—
ponse cin be caleulated by a complex fre-
gquency technique as follows. 17 we get the
transform of x{t) as X {w) and of ult)as
Ul ). provided X{ o) contains all relevant
freguencies; then the frequency response,
I () is given by
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Uifw) = upjv

X w) = X+ jy

and H (w) u .|__i_1.r_
% Jy

These are in complex frequency domain,
each component representing both realand
imaginary parts, which muy be solved and
written as

: ux = Yy _j ¥E = uy
Hiwn) =—— 4 -

x4 - :.lﬂ' %2 S oyE

and in general term he represended as

H () B (@) + ] Sla)

The lerm [requency conlenl i& worth
clarifying at this stapge. lU'requency refers
o be fluctuations of the cardiac interyal
signal from a mean value and not the inst-
antaneous heart rate values. With a const-
ant heart rate of say 60 per minute, with
na fluctuations the energy content will be
localised at zero frequency havingpa d.c,
ur constant value only, Flyctuations from
this constant will lead to nonzero freque-
ney valwes.

The proeess of finding the frequency
response of 4 svstem requires the division
of the interval spectrum by the respiration
spectrum al each frequency in the complex
domain, thus determining the [lrequency
response 1o an input signal of uniform spe-
ctium. However, in case of those frequen-
cies for which respiratory components are
smill, a signifizant contribution due 1o
noise will be present  For this reason, a
technique has: to be devised in order to
ensure thal all spectral components of the
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gequivalent input signal ‘were of respiro
tory origin,

Method and Findings

A block diagram showing the me-
thod is given in Figure 3. E CGiwas
recorded conlinuously in orthogonal
lead system simultaneouvsly on 3
channels of a multichannel Tape Recorde)
in FM mode on analog tape.  Hespiralory
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Raspitalon ot 3 breaths per minate
sompled daring 128 cordine infervats.

cardiac inierbeat infemeal while Breaibing
at ik rote of 3 pes minute

Twe signols soperimpesed where the
cardiac inferval 13 shewn in delled [ine
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1 Twro signaks supernimpoted where Lhe

moyement was also recorded on the fourth
channel theough a Respirmiion  Monitor
using suitable transducer.  Analopg-Digital
conversion was done by IBM 1800 compu-
ter at the rate of 400 samples per second
per ¢hannel.  Quality of data was checked
and displayed by suilable programs. High
frequency electronic and tape noise were
removed by digital filtering. These ar:
physically non-realisable filters but can be
mathematically achieved to obtain o yery
high precision. Computer programs were
made for putomatie identification of {he

Figure §

Respuation ot 12 breaths per runute
sompled during 128 cordioe inberals

Cardoe intebeat Interval while hrething
al bhe rotz of 12 per minude,

cardias interual 18 shawn in dotbed Ling,
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R-peaks, the previous T-P intervals and
the beginning of the P waves using a spat-
inl velacity method. This method helps
in identifying the minimum electrical acti-
yity in 3-dimensional space in atrial tissue.
From these, P-Pintervals were computed
and the sequence was stored in the compu-
ter memory and later transformed to Data
curds and Magnetic tape for further anuly-
sis, Corresponding respiration signal sam-
ples were also identified enabling 1o coin-
cide with the cqual-interval cardiac inter-
val samples. This procedure also facilita-
ted Fourier analysiz by using Fast Fourier
Transform?® in processing fixed length da
gamples.  Figure 4 and 5 show 1wo sets of
data at different breathing rates. The cha-
nge in the pattern of interval fluctuations
can be noted. More inteéresting is the ¢ha-
nge in phase difference which is very appar-
entin these figures. Spectral analysis of
respiration amd corresponding  Interva'
signals were done by the Fasi Fourier Tra-
nsform. A number of expeniments were
conducted with cach subject breathing at
different rates to obtain a set of recording.
The speetral analysis of each breathing
sighal thus abtained, shows a spectral band
of moderate activity instead of a singlc
frequency, with the band depending on
the basic rate of breathing. From each
set of data the fregquency response of
the system over the band-limiled spectrum
was caleulated and stored and wultimarely
the total syslem response was obtained.
The analysis was conducted on a numbsr
of normal subjects and the amplitude spe-
eira was found Lo he remurkably similar.
This is shown in Figure 6. With the sysi-
em . response Lthus obtained, the subjects
wete told to undertake different specific
types of breathing while simultaneously

INTER HEAT INTERYAL
recording the interval and  respiration
signal. The actual variation of cardiae

interbeal interval with the calculated ex-
pectation were compared which are found
to be highly comparative:

.'mp!.{mi: spuibia of the sysiem l
fiepney remunse of nomal sabjwets
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Diiscussion

Respiration plays an important part in
the variations of ECG in normal subjects
by altering the rate, rhythm, as well as
the morphological pattern. Many imvesti—
gators have studied to establish the modes
of action of respiration in modulating the
heart rate. Anrepand ¢o—workers! obser-
ved that respiratory sinus arrhylhmia
was caused by simultanecus action of
direct pulmenary reflex and the central
medullary action.  Hering-Breuer reflex
provides a regulatory feed back where
inflation of the lungs tends to terminate
inspiration and deflation of the fungs tends
to initiate it. Manzoiti® ohserved that
the respiration alters blood flow as well as
bloed pressure. The concomitient modu-
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lation of the baro-receplor activity in turn
modified the heart rate. During a positive
pressure breath holding test, Manzotti®
observed a gradusl increase in the heart
tile referable to the slow alteration of
circulation, and also that the maximum
rise was attained after a time comparable
lo the time needed 1o reach a new circu-
latory  equilibrium in  response to the
magnitude of pressure exerled.

The validity of the Bainbridge reflex,
cardip-acceleration with rise in venous
pressure  due 1o probable stretching
ol the atrium and the great veins,
have been questioned by many workers.
Pogitive  pressure  breath-hold should
reduce the distention of the right atrium
because of lower venous return and thereby
should decresse the heart rate, if such
reflex exists, instead of acoelerating, as
observed, Walker and Mackay® have
shown that the changes in the heart rate
accompanying-a change in venous return is
pot due'to the action of the receptors in
the central veins or cght ardum.  Heart
rite increases only when there is a1 subs-
cquent rise in the mean arterial pressure,
Manzotti suggested that the aorlic baro-
reccpiors represent the sensory area of
the blood flow heart rate reflex. In
experiments of Aviado and co-workerss
mcressed  pressure in isolated  right
atrium  caused & reflex  bradycardia
and hypotension. Again, the effect has
not been quantified, and it is not known
how these receptors interact with aortic
and carotid receplors. The Valsalva
mangeivre at  normal lung  volume
(and not after a1 full inspiration) usu-
ally leads toa large rise in the heart
rate and this also proves the importance
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of presso-receptors in effecting a change
in heart rate, “‘Spilling over" of impulses
from the respiratory centre to the vaso-
matar centre during end of inspiration
thereby altering blood pressure and heart
rate has been proved experimentally. Thus
to the present day three mechanisms have
been primarily cstablished to explain the
phenomenon ; (a) a reflex control, directly
from the steetch rezeplors in the Tengs and
chest; (b) an indirect conirol through the
dlteration of blood pressuces which again is
partly affected by breathing; (e) & central
nervous system control hy direct cominu-
micalion between the respiritory  centre
and the vasomotor cenlre,

The feasibility of extracting and defining
the hear! rate fluctualions of rEspiratory
origin ¢an lead to a better identification of
other physiological causes under different
environmental conditions.

It is generally sccepted Lhat the response
to breathing in heart rate fluctuation js
similar in type, namely cardio-acceleration
during inspirslion and cardinge slowing
during expiration, Ti has been shown that
this assumption is not entirely corrcet and
@ complex relationship exists which can
be effectively ecalculated and represented
as & human system response,

Necessary pitfalls in considering a so-
called regular breathing a single frequency
function has been highlighted as detajled
calculations based on this ETTONLOUS a55um-
ptions  normally would lead to wrong
results. From the system response tlus
deduced a predicted cardiac interval patt-
ernwith a given respiration signal is found
to be well comparable to the actual signal
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recorded.  Variations in cardiac rale and
rhythm due (o respivation can therefore be
predicted with reasonable accuracy. The
sume method may also be effectively used
to establish the complex relation with
other body systems. This would help in
gxplaining the range of the changes enco-
untered in normal, physiologically ahnor-
mal or pathological conditions,
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