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Paper No. 73064 ON AUTOMATED DETECTION OF THE CARDIAC PREEJECTION PERIOD Session No. 6

A. J. Cousin*, I. H. Rowe*, K. C. Smith*, and L. W. Organt
University of Toronto, Department of Electrical Engineering*, Department of Physiologyt, Toronto, Ontario

A b s t r a c t

An investigation of the preejection period
(PEP) of the heart is described. A procedure for
dynamic analys is of va lvular events is achieved
with the results obtained forming the basis for a
novel automated measuring technique. This scheme
has the capability of determining the PEP in the
presence o f re la t i ve ly la rge amounts o f b io log ica l -
origin noise. A commercial Doppler ultrasound
technique is used to obta in the aor t ic va lve ve lo
city. An electrocardiographic (EGG) trigger
circuit provides a synchronizing signal required
to estab l ish the beginn ing of the PEP in terva l .

The clinical viability of a prototype instru
ment of a practical nature incorporating the new
s c h e m e i s d e m o n s t r a t e d .

I n t r o d u c t i o n

There is much emperical evidence that tends
to establish the PEP as an indicator of the degree
o f m y o c a r d i a l c o n t r a c t i l i t y, l e f t v e n t r i c u l a r e n d
diastolic volume, and aortic diastolic pressure
(1,2,3,4). In the field of obstetrics, the PEP
could be especial ly important since a number of
potentially healthy newborns are compromised during
labour as they undergo hypoxic conditions which can
lead to brain damage and, in some cases, death. By
having a relatively harmless method of monitoring
the PEP, the fetal status can be determined before
the possible effects of hypoxia become detr imental
and thus, appropriately early measures can be taken.
Al though most of the in i t ia l work in th is area has
been done in the field of obstetrics, the PEP also
ho lds po ten t ia l fo r t rue non invas ive rea l t ime
confirmation of cardiac disease and performance in
a d u l t s .

T h e P E P i s d e fi n e d a s t h e i n t e r v a l f r o m t h e
beginning of the QRS complex until the opening of
t h e a o r t i c v a l v e ( F i g u r e 1 ) . A c i r c u i t w h i c h l o o k s
for a section of the QRS wave is used to obtain a
tr igger signal from the EGG which establ ishes the
b e g i n n i n g o f t h e P E P i n t e r v a l . T h e d i f fi c u l t t a s k
is to find the time of opening of the aortic valve
(Ao). Doppler ultrasound is used to provide a
signal that contains swept frequency components
p r o p o r t i o n a l t o t h e v e l o c i t i e s o f a l l m o v i n g
objects as well as various phases of carrier fre
quency components due to reflections from sta
t ionary su r faces and t ransducer c ross ta l k . The
component due to aort ic valve opening is contained
wi th in th is composi te s ignal and the remainder of
the paper wi l l descr ibe how i t is obta ined.

D y n a m i c A n a l y s i s o f Va l v u l a r E v e n t s
From the previous paragraph, it can be

real ized that the composite Doppler s ignal has a
spectixim which changes as a function of t ime, A
pract ical method of handl ing complex s ignals of

this type is through the use of a spectrograph.
I ts output s imul taneously d isp lays f requency and
t ime, normal ly plot ted along planar s ixes, and
ampl i tude, coded as in tens i ty.

T o s u f fi c i e n t l y a t t e n u a t e t h e c a r r i e r f r e
quency components as well as the large Doppler
components due to heart wall movements, blood flow,
etc., the Doppler signal is demodulated and then
processed th rough a h igh pass fi l te r. A spec t ro
gram which i l lustrates a strong Ao component is
shown in Figure 2. The spectrogram is shown on the
bot tom hal f of the photograph whi le the top hal f
represents an envelope detected plot of the ampli
t u d e - t i m e c h a r a c t e r i s t i c s . I n F i g u r e 3 , s e v e r a l
valvular components are present (Mc,Ao,Ac). The
dark hor i zon ta l l i nes resu l t f rom no ise p resen t in
t h e r e c o r d i n g a r e a - m o s t n o t a b l y t h e ; t e n t h
harmonic of the power l ine frequency.

The two significant conclusions to be reached
from these spectrograms are 1) the vailve velocities
are notably h igher than those of the other reflec
t ing s t ruc tu res 2 ) the amp l i tude o f the va lvu la r
s igna l i s re la t ive ly cons tant over a good dea l o f
the frequency sweep. What now remains is to
d e v i s e a n a u t o m a t e d m e t h o d o f d e t e c t i o n o f t h e
frequency sweep corresponding to Ao.

S e q u e n t i a l T r a n s i e n t F i l t e r i n g Te c h n i q u e ( 5 )

I t should be noted, that the sweep rate
resu l t ing f rom the open ing o f the aor t ic va lve is
g rea te r than lOOKhz/sec . In add i t ion the s igna l
begins i ts sweep from zero Hertz. As these speci
fi c a t i o n s a r e n o r m a l l y n o t r e a c h e d w i t h c o n v e n
t ional phase locked loops and voltage tunable
fi l t e r s , a new techn ique i s requ i red .

General ly, the scheme prov ides a t ransient ly
adapt ive p iecewise approx imat ion to the resul tant
time domain signature of the frequency sweeping
event. A conceptual block diagram is shown in
Figure 4. Specifically, i t consists|of processing
the demodulated Doppler signal through two equal
b a n d w i d t h fi l t e r s a r r a n g e d i n p a r a l l e l . T h e r e s
o n a n t f r e q u e n c i e s o f t h e fi l t e r s a r e fi x e d w i t h
one located at a higher frequency than the other.
By maintaining equal bandwidths, the output of the
l o w e r f r e q u e n c y fi l t e r o c c u r s fi r s t w h i l e t h e
amp l i t udes o f t he fi l t e r ou tpu t s a re equa l . The
ou tpu t f r om the l ower fi l t e r enab les i t s ne ighbo r.
Thus , the ou tpu t f rom the h igh f requency fi l te r
indicates that a swept frequency event has
occurred. By employing control lable delays between
t h e t w o fi l t e r s , o n e c a n t a i l o r t h e t e c h n i q u e t o
detect a range of swept frequencies.[ The system
comprises essent ia l ly a swept f requency rate
d isc r im ina to r tha t w i l l r ecogn ize swep t s igna ls
occur ing between two contro l led rates.

A l though deve loped spec ifica l ly fo r measur ing
v a l v u l a r v e l o c i t i e s , t h e s y s t e m c a n e a s i l y b e
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g e n e r a l i z e d t o e n a b l e d e t e c t i o n o f a n y s w e p t
f r e q u e n c y s i g n a l . I n p a r t i c u l a r , b y u s i n g r a o r e
p a r a l l e l fi l t e r s w i t h a t t e n d a n t e n a b l i n g c i r c u i t s ,
this technique can be used for detection of a wide
v a r i e t y o f n o n l i n e a r s w e p t f r e q u e n c y e v e n t s .

R e s u l t s

F i g u r e s 5 a n d 6 i l l u s t r a t e t h e c l i n i c a l l y
o b t a i n e d s i g n a l s . I t s h o u l d b e n o t e d t h a t f o r
c lar i ty the Doppler s ignal shown in Figure 6 re
presents some of the best data available and is
no t t yp ica l o f the no rma l s igna l to no ise ra t io .
T h e l e v e l t r a n s i t i o n ( h i g h t o l o w ) o f t h e t h i r d
t r a c e i n F i g u r e 5 a n d t h e f o u r t h t r a c e i n F i g u r e
6 i n d i c a t e s d e t e c t i o n o f A o . L o n g t e r m c l i n i c a l
tes t ing i s cur ren t ly underway to confirm the
e f f e c t i v e n e s s o f t h e i n s t r u m e n t .
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