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ABSTRACT

S imsepne ot
- } v s
L] ~ "

A computer program is developed for the automatic measurement of\the
principal systolic time intérvals“(STI) of the cardiac cycle ccnqistilg of

the left ventricular ejection time (LVET), pre-ejection period (PEP); and

i

electromechanical systole~(QSq) together with heart rate (HR) and)the

~

computed ratio PEP/LVEr5 Statistical distribut;pﬁs of these varia }es in

] ad

a large group of normal male subjects are determined for the resting state

in the sup{ne and upright positions and immediatelytafﬁer submaximal

exercise.

a
o

In order to assess the usefulness of these intervals as . indices of

early-cardiac involvement in hypertensave and coronary heart dis;ase, STI
T

were measured in groups of subjects with hypertension, sustained

hypertention, hypertensive heart disease}- noticeable cardiac enlargement

. A
ovér a 5 year period, cardiac enlargement with hypertefsion and cardiac

i <

.

Fa

enlargement with sustained hypertensiop; andhinf%roups with exercise ECG

N - - B

SFT depression, amgina pectoris, old myocardial infarction,and acute

v
- i

myocardiral infarction with and without heart failure. Statistically

significant treénds were observed in STI'in these series, but with the ~
exceptipn of the group with acute infarctioq} the magnitudes of the ~
> % ” ¢ . , hd Al

differences in-STI compared to the normal groué'were not 1agge enough to.

permit useful discrimination of the groups from normal. Limited,
. Vi e - -
measurement accuracy with the current non-invasive techmiques may
4 ' ,

gontribute to the poor d%sc}iminatory power of the method. It is con-
hY ‘ °

-

v

"V

cluded that although’the use of a computer measurement program makes it

practical to measure STI on a large scale, the results do not indicate
v . e
that STI are sufficiently sensitive indices of early cardiac involvemen;{

[N

(g‘\ . v
v '
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LIST OF SYMBOLS AND ABBREVIATIONS -
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v

- govariance matrix computed fré% a group of normal subjects
- also denotes averaged ECG éignal :

- denotes group of subjects with acute myocardial infarction
~ denotes group of subjects with angina pectoris

- carotid arterial pulse

~ denotes group of subjects with cardiac enlargement

- {irst derivative of ctarotid arterial pulse —
&

~

- second derivative of carotid arterial pulse o+ . -

-~ Mahalanobis generalized statistical dastance (squared)

~ decibel, unit of signal intensity ‘
~ degrees of freedom
- electrocardiog;am .

- eleetro-mechanical lag

El

~ symbol which represents "integrated power function" computed
from the phonocardiogram T v

A

- also denotes a statistical distribution
- v

- also denotes female

.. q- o ~ .
- frequency modulation . ’

&-‘\ - & b
=~ filtered spatial velocity o : -

~ (head), an electrode location used in ECG recording rxt .

- denote statistical hypotheses

)

-~ denotes group of'subJEcts with hypertensive heart disease

(N

- -

- peart rate oo ® .
- S, EEE
- denotgs group of subjects with hypertension .

b L
- running index -

- isovolumic contraction time

-

v



.LVET ~ left ventricular ejection time
. s I *

In - incisura of arterial pulse

[y ~
%

Pl - sample point'number corresponding to upstroke 1n carotid arterial
’ pulse” . 1 .

v
IP2  -'sample point number corresponding to incisura in carotid arterial
pulse

IS1 < sample point number corresponding to beginning of first heart

sound R
N . . *
1$2 =~ sample point number corresponding to beginning of second heart . |,
sound R
» .
J - runnming index d .
k - represents number of va5iables used in statlstical calculations
P - - 3 L™

.

[y
-

M - male . : '

= H
N ?

m ;- metet, unit of length .

oo

"o - - .

m, -~ square meter, unit of area’ , "+ . .

v
- . ¢ , - & -

MI - denotes, group_of subjecg§ with myoca;gigl infarction b

ml - milliliger, unit of volume ' , . Elif \\ '

mm - millimeter, unit &f length

a

mm Hg ~ millimeters of mercury, unit of pressute
i *

- R D

mset, - millisecond, unit of tame i ’

- "

N,n =‘sample size - . . ' —
. | ' \ a
P - probability“that the null hypothesis is true N \

-
#@

phonocardiegram
3\

’

g
(¢}
&
i
<

PEP - ﬁ%e—egjction period . . o
Q - onset ?f QRS wave of tbe electroéardiogram . ' .
QRS =~ a wavefin the electrocardiogram caused by ventricular depolarization
Q-1 - 1nterJal from onset of QRS wave tojoﬁset of first Heart sound
Q-P1 - interval from onset of QRS wave to upstroke of carotid’arterial -
. pulse '
Q-P2 - interval from onset of QRS wave to incisura of carotid arterial E)

pulse

Q

’ .
vi ’ '
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5.D.

. SHT

SINT

-

—

o -

correlation coefficient

»
A &

relative heart wolume, volume of the heart divided by body surface
area

variable_in computer program representing éiset of QRS wave

length of time between consecutive QRS waves i1n the

electrocardiogram = . . .+
) o i
N v
represents digitized phonocardiogram -
4 “G @
first heart sound . . -

secoiN_heart sound ’ : .

lectrocatdi&gzig Petween QRS and T waves

"group of sulijects with S-T depression

R -

dystolic time intervals , - »

-
@ -

"Student's t", a statistical digtribution

"Hotelling's Toz", a statistical distribution N

' ¥
targét heart rate - . ,
up;troke of the cgfotid arterial pulse,
micro-volt seconds, unit of area in the voltage-time domain
within-groups covariance matrix 0 l

4

L3

component qé thé vectorcardiogram
e

also represents independent variable in a regression analysis
also denotes multiplication . .
component of the vectorcardiogram

also repr@sents dependent 'variable in a regression analysis

vii
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i

compuonent of the vectorcardliogram

(delta), denotes change in a variable

(sigma), denotes summation

mean value of varlable 3 for a population

(chi squared), a statistical distribution

percent

denotes diylsion

less than

degrees, unit ¢f angular displacement

(supers

(overscore), represents mean or average value of a variable

L}
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s represents the inverse of a matrix
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CHAPTER I '

Introduction and Literature Review

*

+A.  Introduction »

/£ }

The application of non-invasive techniques to the examination and ob-

.

servation of the cardiovascular system is not a new phenomenon. The .

n .
t4 ) N ¢

examination of arterial pulse waves was widely practiced already by ancient

Chinese physicians who were fascinated by the phenomenon of the pulse in

various parts of the body and regarded it as a link between the cosmos and

man. As their medicine dézaigzed, it came Fo be the most %%Portant sign b¥- .

which they deteimined "internal processes". They divided the radial pulse

on each wrist into zones which gave them information about the condition of
the lungs, stomach, spleen, bile? laiver and the heart (54).
“For over a céntury modern researchers have used the artertal pulse to

study the timing of the mechanical events of the human heart. The inverse :

relationship between heart rate and thé duration of left ventricular
AR -

ejection was known by 1874 (16, 17). In 1904 the effect of exercise on

systole was reported (8), and by the 192075 considerable work had been done

v

(87, 22), aincluding investigations on sex differences aifl the influence of

a o

ot :
posture on the €jection period (29). In recent years, the work of

n

Weissler, Spodick and others has stimulated a great deal of clintcal
PN (€ S
interest in what has become known as the Systolic Time Intervals (STI).

XY

The intervals most frequently considered are the‘pre~e3ection period

@ o

(PEP), defined as the time from the onset of ventricular depolarization

iy

(the QRS complex in the eiéctrocardiogram) to the beginning of left
ventricular ejection, and the left ventricular'ejection time (LVET),

uspally measured, from an external recording (e.g. carotid ;rtery) of the

7 -
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-

central arterial pulse, as the time from the initial rapid upstroke to the

-

" dicrotic notch. These two intervals combined make up what is called total

’

electramech%pical systole, QSZ’ which can be determined as the time from

the o&set of QRS in the electrocar&iogram to the initaal vibrations of the
aortic component of the second heart sound in thé—phonocardiogram {see

Figuré 1.1). In practise LVET and QS2 are measured and PEP is obtained by
subtraction. It is po;siyle to furghgzﬂgubdivide PEP 1nto°two gdditional'

t

intervals known as electromechanical lag, or EML (QRS onset to initial

* 3

ventricular contraction) and 1sovolum%c contraction time, ox ICT (initial
contraction to aortic valve opening), but the éfec1se definition of these
intervals is diff?cult technically, and for that matter is in some dispute.
Singce the clinical interest is primarily in the mechanical aspects of
,contraction, it is usually assumed that EML is relatively cons;ant and that
'changeé in PEP, therefore, reflect changq; in ICT, and so most cg;rept work

centers‘around PEP, LVET and Qs,. ,

Since the pibneer1ng c¢linical studies of Weissler, Spodick and others
WEfe reported in the 1960's, a large number of articles on STI have
appeared., The selective literature review, following next, 1s limited
mainly to those papers which deal with statistical analysis of the internal
relqtionships of the STI in nogmal and abnormal Eondltiogs; wlth.a
, particylar emphasis on observations which can be considerea as potentially
valuable clues of the utility of STI measurements for screening of cardio-

vascular, diseases and early detection of cardiac involvement in coronary

and hypertensive heart disease. . -y
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Figure 1,1 - Sketch illustrating the measurement of the principal systolic
time intervals from simultaneous tracings of the electrocardiogram (ECG),
carotid arterial pulse (CAP) and phonocardiogram (PCG). Total electro-
mechanical systole {QS,) is measured from the onset (Q) of the QRS complex
1n the ECG to the onset of the aortic component of the second heart sound
(S,) of the PCG. Left ventricular ejection time (LVET) is measured as the
tifie from the rapid upstroke (U) to the incisura (In) of the CAP, Pre-
ejection period (PEP) is them computed as QSZ—LVET.
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1. ‘Measurement Techniques

"

The earliest observations on the duration of "systole" were based on

tracings of tﬁe apex heart beat or of an arterial pulse. At that time the
relationship between the ele:irical and mechanical activit§ of the heart

was not well understood and 1s clear now that “systole" as defined from ‘

_a pulse tracing was probably what we now refer to as left ventgécular

ejection time., Katz and Feil (22) introduced the contemporary practise of

A

utilizing simultaneous tracings of the electrocardiogram, phonocardiogram
and arterial pulse. This has remained the'predomlnant technique although
some authors have advocated the use of the apexcardiogr?m (6, 33, 24, 47)
or othex tracings of pre-cordial motion. The review article by Kumar and
Spodick (24) contains an extensive bibliography. Pressure recordingg from

the brachial and radial arteries have been uséd by some, but external re-

cordings from the extermal carotid artery has beéh preferred because this

'

Most investigators "still/work frof polygraphic tracings. There is some‘/'

A » o~

debate over the cho
recommending at least 100 mm/second (63, 61), although a study by Spodick
et al in 1969 (48) of the ejection time indicated ho significant improve- .

s

ment in the net precision of nileasurement over the paper speed range of 25
to 200 mm/second. This particular study was restrictasd—td

ejection time
measurement gxom the carotid pulse and may simply reflect the limited

frequency response inherent in the pulsé wave recording system. In‘any
case, the precision of measurement is improved by averaging the measure-

ments from several consecutive beats and most ilnvestigators recommend

averaging at least 5 and up to 30 beats. ) .



Obviously, the combination of high paper speed and the need to make ’

measurements on several beats would mgke both the quantity of tracings and

the effort. involved overwhelming in any large scale application of t?e

technique. The solution to this problem would seem to lie in the develop~
ment of 'an effective computerized measurement tecﬁnique. There has been

®

some work in this direction, although up to the time of this study-no large

scale apn%}ca§i0n<of a computerized system had beem reported. Kyle and

Freis (14, 26 ) developed computer programs to analyse bracliial and carotid

°

pulse waves an 1968, but their work at that time was not oriented‘:i‘fii//

measurement of“syséolic,time intervals. 1In 1971, they reported a<pTogram

b

for the measurement of STI from a single ECleead, the phonocardiogram and
carotid pulse (25). For this purpose they digitized a 5 second segment of

record at a sampling interval of 4 msec. for each’signal, performed
automatic measurements for as many hgats as possible, discarded the two

)
beats furthest from the median measurements and ayeraged the measurements

]

from the beats which remained. S8ince they worked with resting subjects,

their measurements were usually Based on an average from two or three beatsl

and they reported“ﬁLat their figures for LVET and QSZ_generally agreed with
visual readings of the same records to within 4 msec, ’
In 1974 Zoneraich, Zoneraichﬁand Rodenrys (72) reportéd a study of 100
normal individuals in which the STI measurements were performed by a
computer program provided by Medical Data Systems, Inc.” After correcting
both manual and computer qeasurements for heart rate, they performed
Student t tests on the mean valu;s of the results for the two measurement
Fethods and on this basis report that the computer results were not

statistically different from the manual ones. The appropriateness of the

statistical procedure used can be questioned, however, since the test

performed shows only that the group means were not different and proves

&

e
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. nothing about the accuracy of the individual measurements. The authors
also claim to be the first users of a fully automatic measurement system,
: being obviously unaware of the two papers by Kyle et al (25, 26) in 1‘2§
. and 1971. They give no details of the computer algorithm used, since the
proprietary programs in question were deweloped by a commercial company.
. Starmer, McHale and Greenfield (52) in f§73 described a computer pro-
gram which they developed td identify the on;et and end of .ejection from

the central afrtic pressure signal obtained by catheterization in mongrel
3

dogs. They report very close agreement between time points identified in
this way and the same time points defined with another computer program

using the ascending aortic blood flow obtained with an electromagnetic flow
“ *

meter probe. They have apparently not attempted to use their algorithm in

a non~-invasive setting using the external carotid pressure signal.
4 L4
i It is not yet common practise to record more than one electrocardio-

T s

graphic lead at a time for STI measurements so as a result in S¥I studieQQ

7 ! - Y

. the onset of electrical depolarization is usually identified from a single

.

lead. 'This can lead to errors in the estimaztion of QS,, and thus PEP,

~

since the earliest deflection in the QRS complex does not come consistently

in any one lead. Recognizing this, many researchers attempt to select the P » 3
lead which most commonly shows the initial activity, generally lead II. No
one seems to have taken the approach of recording more than one lead Y

- *simultaneously, which would appear to be the most dependable way to

minimize errors of this type.

- - N

v 2. 8ystolic Time Intervals In Normal Subjects ’ =~

L4

There have been numerous studies of the various systolic intervals in

¢

normal subjects. Only those which are directly relevant to the present

<

investigation will be mentioned here. An extensive discussion and ‘}bf
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blbliogrﬂphy*cﬁq)be found 1n the review articles of Kumar and Spodxck (24)

and“Wei%slér and Garrard (61, 62).

%
In 1961 Weisslér et al (65) found liﬁ?Lf correlations between LVET and

. both heart rate and stroke volume. Later Jones ‘and Foster/(ZO) pertormed
*an experiment in 20 normal young men using a pressure catheter and obtained

’ ke N

. o 207 sets of measurements including a large number of observations during

¢

. supine leg exercise. They developed a single multiple regression equation

indicating an invérse dependence of LVET on heart rate and diastolic
E ¢ ® [a] i

pressure, and a dlrecz?felationshlp with stroke index. However: the

« examination of the scifttergram presented by the authorse for the LVET-heart

‘ <4

rate relationship clearly reveals that the resting and exercise data have

- ' )

separate regression relationships and their combination to a single

1 @ ¢ \
regression can be questioned.

* In 1967 Willems and Kesteloot (69) reported on a study of 219 normal

. men and 70 normal women using the ‘ekternal carotid pulse to measure
L4

- gjection time. Their best linear regression relating LVET with heart rate

is shown in Table 1.1, along with the results of several other authors.

They also studied 15 male subjects during supine leg exercise and developed
both linear and non-linear regressions in an attempt to derive a single
o equation which could be used for both rest%ng and exercise data.
Spodiek and Kumar (47) studied the gjection time 1n 50 normal young men
and compared results obtained from the external carotid tracing and from

G*‘IEFE apex cardiogram. TFor this purpose the subjects were resting in the
e ! 1 ¥
. semi~left decubitus and in expiratory apnea. The special position was

v

required apparently Lo obtain good quality apex cardiograms. They found
poor agreement between apex-derived and carotid-derived measurements and,

recommended the carotid method because of Lhe smaller scatter observed and

A

<
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because of previoud studies indicating close agreement between ejection tlme
measurements obtained from signals and measurements derived from the central

aortic pressure (65). Their regression eguation based on the carotid

measurements is similar to that of Willems and Kestelootl (see Table 1.1).
In 1968, Weissler, Harris and Schoenfeld (63) published a study
involving 121 normal men, 90 normal women and a group of 27 patients with

clinically conspicuous heart failure. Recordings were made in the morning
in the supine position during normal respiration. Using simultanéous

tracings of the electrocardiogram, phonocardiogram and external carotid
pressure, they measured heart rate, QSE’ LVET, PEP, SISé’CfirSL heart sound

to second heart sound), Q-1 (beginning depolarization to first sound) 'and

isovolumic contraction time "("ICT", calculated as Slsz—LVETL. Their normal
HASE , al

heart rate regressions for LVEf, ICT,’ PEP and QS2 are in Table 1.1 and have
] -

Y

been adopted by most current workers ag a standard. In a paper published
o i '

the following year (64) fbeyqintroduédd AS a new parameter the ratio

/
PEP/LVET which they state to be heart’ rate independent, with a normal value

e /

of 0.345 t 0.036. This parameter is especially sensitive to simultaneous

S

but opposite changes in 'PEP and LVET, which is the situvation they found in
their patients wifh heart failure.

Luomanmaki and Hgkkkila (30) used the "kinetocardiogram" (apei .

cardiogram) instead of the carotad pulse in a study of 139 healthy male
> -4

[N

subjects betwgﬁn the ages of 45 and 64 years, Their regression equations
for ICT and LVET are also given in Table 1.1. When they divided their sub-

jects into four age classes they found no significant differences.

Zoneraich et al (72) %?/their computerized study derived regression

-
)

3
equations for 93 normal subjects (of both sexesk, some of’which are

included in Table 1.1. They obtained a normal value for PEP/LVET of

.
Q

° A o



0.287 % 0.055, which is considerably lower than that reported by

left lateral decubitus ip expiratory apnea. Thelr equations for
Q82 are swmilar to those of Weissler, but their values for PEP {and
PEP/LVET) are lower. Their estimate of ICT agr®es with that of Luomanmaki
et al, but is muchthighef than Weissler's figure. This underlines the

-

difficulty encountered with ICT becausq_of differences in definition and

”

method of measurement.

Aronow (5) studied LVET and ICT (calculated using the same method as
Weissler) in the supine position in 60 normal men before and after
exercise. Ue performéd no rate correction, and reported a decrease in
mean ICT from 41 to 24 msec. after exercise, recovering in three minutes
to 36 msec. HF does not quote values for LVET, but reports that the ratio
LVET/ICT increased from 7.4 to 11.0 in exercise recovering to 8.2 in three
minutes post-exercise. These results are difficult to compare with other
studies, but would have to be 1nterpretedlas a decredse in both PEP and
PEP/LVET. .

Hardarson et al (18) did a study of 9 sedentary middle-aged men during
graded bicycle ergometer exercise. They reported a progressive shortening
of LVET, Q82 and PEP at increased work Tates. They then applied Weissler's
heart rate c;rrectlons to their data and reported significant lengthening
of the Q82 and LVET indices and a shortening ‘of the PEP index. The gmall
sample size prevents generalization of the results and their application
of heark‘rate correction using restiné regression coefficients can be
questioned since it has not‘bee; shown that the resting rate relationships

hold in either the upright position or in the exercise state.

Xenakis, Quarry and Spodick (71) have recenté&;reported the results of



o
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@
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beat~-to-beat observations of HR, PEP, LVET (rate corrected) and PEP/LVET in
5 normal young men at tliree separate work loads. The noted responses
immediately at the onset of exercise followedgby a gradual levelling off to
valués which were related to the work load., In all cases, PEP decreased by
abdﬁ;\QS msec., PEP/LVET decreased from control values of about 0.49
(resting uprighi) to about 0.36 and LVET index increased by 40 to 50 msec.
Again, the rate correction is probably questionab%e and the sample size is

-

inadequate.
»

., Maher et al (32) conducted a study of 10 physically active normal

. yohng men during submaxim!l and maximal supine exercise and used repeated

»

. observations from their 10 subjects to derive regression equations for LVET,

PEP and QS2 for the two exercise states in a range of heart rates from 120
to 170 beats per minute. For the submaximal state they obtained regression
slopes nearly identical to the resting values of Weissler and his colleagues,
The intercepts for éVET and Q32 were higher thannthe resting ones by 38 and

25 msec. respectively, while that for PEP was reduced slightly. At maximal

th? slope for LVET was not statistically signifacant (again the sample size

{
1s small) but the slope décrease for QS2 was signaificant (p <0.001).

]

~

3. B8Systolic Time Intervals In Heart Disease

The review articles of Weissler & CGarrard (61, 62) contain a good over—
view of the variations in STI seen in a range of heart diseases. The
article of Lewis et al (28) reviews some more recent work on STI and

coronary artery disease.

Weissler et al (63), in the same article in which they set out their’

3



normal regressions, studied 27 patients at rest with clinically conspicuous
heart failure due to artexriosclerotic heart disease, hypertensive heart
disease or primary myocardial disease. They observed a significantly
prolonged PEP, accompanied by a shortened LVET w1tﬁ normal values for QSZ’
This confirmed the earlier finds of Blumberger'(7) and others. The changes
in LVET and especially PEP were highly correlated with both the cardiac
index and stroke index in these patmegts. Garrard et al (15) studied 68
patients with an assortment of heart diseases and found that PEP/LVET
correlated highly (r = ~-.90) with ejection fraction but poorly with stroke
volume. In a sub-series of 15 patients with ischemic heart disease and no
valvular regurgitation, PEP/LVET also correlated highly (r = -6.77) with
stroke index.

In 1969 Spodick et al (46) used the left ventrieular ejection time'ixr
a study on 97 patients with a variety of heart diseases including ischemic,
hypertensive and valvular heart disease and cardiomyopathy. Seventy-seven
(79%) of them ﬁell more than 1 standard devaiation below the regression line

LVET = 376 - 1.2 HR T 12

which they had previously reported for normal ‘subjects-(47). They also

4

£ .
studied a group of 103 "hospital normals” (hospitaﬁPﬁgtlents without heart

disease) and derived a new regression equation
N4

' LVET = 409 ~ 1.6 HR ¥ 29
for this special‘pdpulation. It is interesting that this regressién is
very close to Weissler's normal equation, while the regression cceffic1en:
for the normal group reported earlier by these authors is substantiallé \
different, with a smq&;gs slope of the regression line. In 1970 Weissler
and Schoenfeld (66) showed that digitalis adminaistration decréased
corrected PEP and LVET by about 15 msec. and Qs, by about‘BO msec., 1n 10

normal subjects and 13 patients with heart failure. Nandi et al (38)



studied the effect cforpspiratibn on STL in 24 hospital patients (with and
witﬁout heart disecase). They found that inspiration increased PEP and
Péf/LVET by 2.7 msec. and 0.019 respectaively, relative to expiration, and
reduced LVET an average of 6.3 msec. Stafford et al (51) have reported an
increase 1n PEP aceompanicd by a similar decrease in LVET in 15 normal
subjects after passiye head-up tilt, Three gubjects with congestive heart

failure failed to exhibit _this podtural response. Shah and Slodki (45)

Fxs

measured Q52 in 112 healthy men and 15 cases of severe systemic hyper- .
tension. All of the cases were ambulatory and showed no exertional
intolerance, and none were taking digitalis or anti-hypertensive
preparatiggs. From the normals they calculated the regression relationship
08, = 61.6 + 10.24/RR £°17.5

where RR is the R-R interval, and found that the regression line for the
hypertensive patients was parallel to this but elevated by 3}.4 msec,

In 1972 Ahmed et al (2) studied 14 normal subjects and 56 patients
with various forms of heart’ disease during ca?heterxzation. In addition
to measuring STI, they computed the "Frank-Levinson index of contractiiity"
and found a high degree of correlation (r = -.86) with PEP/LVET in 28
subjects without valve disease, shunts or pulmoné;y heart disease but a
much poorer correlation (r = -.51) 1n the whole series. In the same 28
subjects PEP/LVET correlated well with ejection fraction (r = -.73) and to
a lesser extent with cavdiac index (r = -0.53). They conclude that .
PEP/LVET is a good indicator of contractaility.

A recent study by McDonald and Hobson (36) considered 25 patients with
primary myocardial dasecasc, divided into two groups: 8 without dyspnea
{functional Class I, New York Heart Association) and 17 with dyspnea - S

(Class II or III). Most of the patients were on digitalis and diuretics.

L]



The ratio PEP/LVET was measured and compared with a contrpl group of 25
healthy subjects. The mean value for the control group was (.325, while
the mean for the combined patient groups was 0.621. There was no

statlstlﬁally gignificant difference between the two fu%ftional groups.

Margolis (33), in 1964 measured LVET and "Tension Peyiod". (PEP) in 70

normal volunteers and 41 patients with coronary artéry diseaSe cousisting
1 I

of 18 old 1ﬁfarcts, 6 recent infarcts and 17 patipnts with angina pectoris.
None of the patients had clinical signs of heart /fajlure or insufficiency.
y S

He computed the ratio Ejection Period/Tension Period (essentially Lhe

@ AN

reciprocal of PEP/;VET) and found it reduced ﬁn the patient group to a
value of 2.68 (corresponding to PEP/LVET = 0,373) compared with 2.90
(PEP/LVET = 0.345) in the normal group. The difference was signi%icant at
P < 0.06.

The next year Agress et al (i) used the "vibrocardiogranm" to measure
LVET in 19 patients with coronary insufficiency and compared them with a
group of 21 sedentary normals and 20 competitive cyclists at rest and
after 3 forms of exercise (bicycle, ergometer, treadmill and the double
Master Z-step test). Most of the patients had previous myocardial o
infarction and all had recurrent angina which interfered with normal
activity. They studied the relationship between LVET and heart rate and
found that they could not distinguish between the three groups.

* In 197} Pouget et al (41) measured arterjial prefsure, QSZ’ LVET and
PEP in 20 patients with angina pectoris in the supine position before and
after a step test and compared the responses with those of 20 age matcheﬂ
controls. Fifteen of the angina patients had 50% obstruction of at 1eas%

one coronary artery and all<had recurrent substernal chest pain. They

corrected Q82 and LVET for heart rate using the resting regression

[
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coefficients .of Weissler et al. Afteg Ghe exercise diastoliec blood\pressure

increased by 13 wm Hg ig the angina group and was unchanged in the conf¥ols
and QS2 decreased by only 4 msec. in the péLlents compared with a dec¥e§ée
of 24 msec. in the control group. LVET increased by 23 msec. Eompared wrth
a 4 msec. decrease in the controls and PEP decreased by 35 msec., which was
9 msec. more than the dedrease observed in the contrel group. They
concluded that the prolongation in LYET after mild exercise in the angina
patients reflects impaired left ventricular performance and increaseh
afterload and should be useful in the diagnosis of ischemic ﬁeart disease.

Noting the results of Pouget et al, Lewis et al (28) decaided to assess
" the usefulness of the LVET response after exercise as a disceriminator to
1dentify patients with coronary artery disease. They studied 75 patients
with chest pain before and after multistage treadmrll testing. Twenty-one
of these Batlents had normal coronary arteries B coronary arteriography
and were used as contrels to derive the heart rate regressions after
exercise, which was then used to correct LVET for hearli rate In the other
patients. Torty-six per cent of the patients with significant disease had
a prolongation of LVET of more than 30 msec., which was more than that
observed 1n any of the normals. Fifty-two percent of the same patients
had positive exercise ECG tests and the combination of the LVET and ECG
Lestéﬂidentlfied 747% of the patients with coronary artery disease,

The conclusions of Lewis et al contrast with the results of McConahay
eF al (35), who concluded in 1971 that exercise failed to improve the
sensitavity of STI to detect coronary artery disease. They compared 33
normals with 32 age and sex-matched patients with documented 50% obstruc~
tion of at least one artery before and after moderate supine leg exercise.

Their data was corrected for heart rate using Weissler's resting

coefficients. They found that their patients had longer PEP, shorter LVET *

-
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Qn@“increased\PEPfLVtﬁ.relative to normal both before and after exercise,
but that boLh‘groups responded to the exercise with a reduction in PEP and
prolongation of LVET of about the same nagnitudes,

In 1975 Meng et al (37) studied 113 patients with possible coronary
artery disease at.rest and divided them into 4 groups with 0, 1, 2 or 3
vessel disease on the basis o@ angiography. All of the patients had chest
pain, many were taking digitalis and 18% of them had congestive heart
failure. They found that PEP (rate corrected) and PEP/LVET increased
progressivgly with the number of arteries involved, LVET decreased

progressively and Q82 dad not change. The total shaift observed in both PEP
¢

and LVET was about 17 msec. between the extreme groups.

- a

Lewis et al (28) found that QS2 was decreased by about 15 msec. in 93
patients with angina and siggificant coronary artery‘narrowiné, compared to
their control group of 60 patients with chest pain but nommal arteries.

This is in obvious disagreement with Meng'§ result and the authors felt .
that the reduction reflected increased adrenergic activity in their patients
with coronary disease: In 1972 Lewis et al had noted a high degpee of

R
correlation between Q52 and urinary excretion of epinephrine and
norepinephrine in a group of pakients with acute myocardial ?nfraction or
acute coronary insufficiency (27).

In acute myocardial infarction, several authors have noted characteristl;
decreases in LVET and Q52 with a corresponding increase in PEP/LVET and
varying changes in PEP (19, 42, 44) which gradually return towards normal
values in the weeks following initial hospitalization. Roﬁljns et al (42)
found that the changes observed were most marked in the, presence of heart

failure, while Hodges et al (19) found no sagnificant differences in PEP,

LVET, QS2 or PEP/LVET between four groups of patients classified according

-
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to the degree of left ventricular dysfunction ranging from no dysfunction
to cardiogenic shock. WNaqvi et al (40) attempted unsuccessfully to use
STI to-discriminate between patients with acute infarction and acute
coronary insufficiency. In 37 patients with 3 to 60 month old documented
transmural infarctions Stack et al (50) noted progressive Increases in
PEP/LVET and PEP and progressive shortening of LVET with increasing
severity of stpnea and fatigabilaty. Lewis (28) noted that PEP/LVET was
much mote élev;ted in acute infarction patients with prior infarctions or
long standing hypertension than in a group of acute infarction patients

with no evidence_of prior/left ventricular disease.

:
14

€. Purpose of This Investipgation '

In spite of conflicting.results revealed by the literature review on
the usefulness of STI measurements in clinical diagnosis of heart diseases,
there is sufficient evidence to suggest that deviations from normal values

*
of certain STI relationships are a manifestation of disordered cardiac
function in advanced ischemic and hypertensive heart disease. While
clinical cardiological diagnosis rarely relies solely on non—lnvasive’
methods, there is a most pressing need for improved, quantitative non-
invasive methods for early detection of cardiac involvement in ischemic and
hypertensive heart disease for the purposes of clinical trials and
cardiovascular epidemiological studies. These 1argelscale, very expensive
studies are presently relying almost entirely on the ECG as the pgimary
method for the det;ction of non~-fatal t;ial endpoints. The reliability of
both resi and exercise ECG in terms of its diagnostic accuracy leéaves much

to be desired and any additional diagnostic or predictive information that

could be derived from other ‘non-invasive techniques could potentially lead

-
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to a reduction of the cost and improvement of the power of clinical trials

¢

designed to investigate the effectiveness of intervention on heart diseases.
There are two prerequisites for the efficient, meaningful us; of STI
analysis methods in large-scale epidemiological applications. Firstly,
automation of the measurements is required in order to make mass application
feasible. Secondly, the establishment of statistically stable reiiable

confidence limits for normal STI values and their mutual relatienships at

?
rest and following exercise can be considered a fundamental first step for

c o

attempts to verify the diagnostic or predictive power of STI measurements.
The reported normal values for STI differ widely; for instance, the LVET vs
heart rate regression coefficients obtained for resting supine men range
from -1.2 to -1.7. :
9
The utility of the reported normal values for STI in exercising subjects

3
is severely limited because of very small sample sizes in all reported '

studies, and also the most commonly used normal standards for resting supine
male subjects are based on a sample of only 121 men., There is insufficient
evidence to justify the practice of applying STI normalization with respect
to heart rate in exercising subjects using the regression equations derived
for resting supine subjects. g

The common Practice of stud&ing individual rate corrected intervals
disregards the information contained in the rate itself and fails to reveal

the information contained in simultaneous changes in two or more of the

intervals. The commonly used ratio PEP/LVET is sensitive only to

#
simultaneous opposing changes in PEP and LVET., It seems surprising,
therefore;'that no one seems to have used the technique of multivariate N

discriminant analysis which has been applied with considerable success in

&
studies of the electrocardiogram (10).

/
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While valuable information has been learned about the links between the

time intervals and hemodynamic parameters, much of it has been derived from .
hospital patients with relatively severe heart disease and much of it 1s .
based on very small sawples. There have been relatively few attempts fo ,
use systolic time intervals to discriminate normals from subjects in early
stages of heart disease whlch-have not vet resulted in hospitalization. In

particular, there appears te have been little work on subject groups with

-

[y

varying degrees of hypertensive heart disease.

The purposes of this investigation can be summarazed as follows!

-

1. To develop an efficient computerized system for the acquasation of
data and the subsequent measurement of the princaipal systoliec time

a

wmtervals. #

2. To use this program to measure systolic time intervals in a large
sample of normal male subjecis and establish normal limits from
the statistical distributions of these intervals in the resting
state in the supine and upright positions, and immediately after

o

submaximal exercise.

3. sTo observe whether any systematic trends exist in relation to
normal distributions in STI values of selected subsamples of male

‘ populations reflecting milder and more advanced forms af f///
hypertension, hypertensive heart disease, primary m¥9défalal
disease and ischemic heart disease. The ultimate enquiry is to
establish whether definitive or at least sufflcientiy suggestive
evidence exists to justify the use of STI measurements for
detection of early cardiac Involvement in hypertemsion and

coronary heart dlisease in epidemiological studies.
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Methods ‘

A. Material 3

Most of the material for this study was obtained irom a series of field

studies conducted between 1969 and 1972 by the research group of thas

2

laboratory in collaboration with other teams of investigators, Three of

the studies were total population samples of male subjects between the ages

¢

of 50 and 70 from small rural villages in Ttaly and East and West Finland. °
2

A foufth study wag conducted on the men of theNPolice Department of the
City of Helsinki, Finland ranging in age from 35 to 68. Data for all of
the subjects, including cliniecal information and systolic time aintervals
measured by the computer program described here, was incorporated into a
data pogl on digital magnetic tape, and subject groups were later extracted
from this pool on the basis of the c¢linical codes, as descrlbﬁd 1n Chapters
IIT and IV. In addition to data from this pool, data from Lhree other

13

special groups of subjects with primary myocardial disease and with old

and acute myocardial infarction was also used. A more detailed description
of the subject groups is given in Chapters III and IV.

-

B. Recording Procedures

Recordings were made from each subject at rest in the supine position -
and immediately after 3 minutes of upright exerclse on a bicyle ergometer
at a vprkioad of 600 kilo-pond meters. If the heart rate after this
exercise period did not reach the target heart vate the workload was

increased and a second exercise was performed at the target rate. In the

Helsinki Policemen Study, a recording was also obtained just before the

Pl

- Poond

o
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{
exercise run, in the upright position on the ergometer. ,The target heart

rate (THR) for the submaximal exercise test was determined according to
"the following formula:
THR = 0.85 x (230 - 1.18 x age (years))

oo

The equatfon estimates THR as 85% of the age specific predicted maximum

»

A

heart rate. It should be noted that the heart rate decreases very

&y

rapidly at the cessation of exarczée during the post-exercise period when
the 8TL zovords were made.

With the exception of the acute infarction study, all saignals were
recorded on analog magnetic tape and processed later. The recordings were
made on 7 track tape, at a tape speed of 3 3/4 inches per seéond, in FM

mode. In the acute infarction study, this step was bypassed and,.the

signale were transmitted directly to the computer from the bedside using

telephone lines and a frequency modulation transmission system.

¢ -~

The electrocardiograms were recorded using, Beckman electrodes arranged -

according to the Frank lead system. This system uses 6 bipolar signal

leads which are combined by a resistor network or by a computer algorithm
to form the scalar X, Y,iiﬁﬁadsf In this study, the signals from four of

the six independent Frank lead components (with electrode H as a common

reference) were recorded directly after amplafication using custom-built
o

[}

ECG pre-amplifiers. Whale these do not constitute a complete orthogonal
lead system, all three vector directious are represented in these four
9

signals, providing enough information to select the earliest onset of the

©

QRS complex. In the acute infarction study, the six signals were reduced v

to a three-lead vector seil using an electronic network prior to

7

fransmission to the computer on telephone lines.

The phoqocardlogram was recorded using a Hewlett~Packard 21050B

contact microphone and a Hewlett~Packard Model 15068 Heart Sounds I
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A

Ta

Amplifier,, The microphone was placed in the Lhird Lﬁ¥ercostal space at the

g ¥ v

left sternal border, or at whatever alternate locatiom was réquired to

produce a sufficiently clear ‘second heart sound. -

@
-~

The arterial pulse was taken.with a Sanborn APT-16 Yariable reluctance

[

S

transdticer hand held ovef the left extbrnal carbtid artery. -

‘ - 3
' ®
“ ’
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C. Dugitazation and Analysis Procedure . . “
¢ ~ "4,‘ 7

- The procedure for dlgltizétion and preliminary data ﬁandiing is based

-

on a modified version of the Dalhousie ECG program,?ver31on‘3. Figure 2.1

show§:the major processing steps. Thé grogram is capable of handlang
three signals (one ECG lead, arteraal pulse and PCG) or six (three or four
"ECG leads, arterial pulse and PCG). All of the datd reported in this
thesis used the six signal version and this is the one that will be
described. The major steps up to and including signal averaging follow
the principal logic of the Dalhousie ECG program which iivdescrlbed

elsewhere (70).

1. Sampling

o «

"The operator starts'the procedure by setting up a §ubject identifica-
tion code and initiating program execution. The six signals from tape
(or bedside) are sampled simultaneously at a rate of 500 samples per
second per lead for a period of 15.6 seconds. Prior to sampling, the
51gna}s are filtered with a low pass filter with a cutoff frequency of 125
Hz and an attentuation slope of 24 db per octave. This is done to avoid
allaging whach would introduce additional noise into the system. The
sampled data is stored on disk for bubsequent processing which proceeds

I3

in parallel with the sampling process.

L3

-



Sample for 15.6 seconds

1
'

¢

y
Locate all QRS complexes

A

’

Y
Measure from each complex: -
1. Time 1nt%rval Rm - Rmrl

2. QRS Duration

3. Fiducial Amplitude

o

y
Assemble complexes anto clusters and select majority cluster

' i

J 1

4

- S
Average the mem%tfs of selﬁijii/figipei\\\

e
Establish QRS onset from averaged complex

L3 ‘
Identify first and second heart sounds

4

Identify upstroke and incisura from arterial pulse

r
Plot signals and display measurement results

Save measurements on magnetic tape

FIGURE 2.1 Processing Steps In The STI Measurement Program



2. Search For QRS Complexes \\\“/C7

The search for QRS complexes is based én the application of a fairly
simple threshold lqglc to the {iltered spatial velocity (FSV) which is a
spec?al function derived from the three or four available ECG leads as
folllows° Each individual lead is pre~filtered with a digital recursive
four-pole bandpass filter (58) with a center frequency of 15 Hz and a

bandwidth of 20 Hz. This effectively removes the P and T waves and

smooths out any high frequency noise in the signals.

Then
N 2
FSVi - § <F19j B Fl’*']-:j)
. 1=1
where N = number of ECG leads available
1 = sampie point number
Fi 5 = filtered sample point 1 for the jth lead
3

~ ~

The details of the detection logie used on this derived function can

be found in a paper by Wolf et al (70).

N
9

3. Measurement of Parameters For Clustering =

2

For each complgx found, three parameters are estimated to be used in
selecting beats for averaging. These are (1) an estimate of QRS
duration, (2) the preceding RR interval and (3) a fiducial amplitude
called the "R tracking amplitude"”. This is measured from the individual
lead which has the largest peak-to~peak amplitude during the QRS. The
time of the minimum amplitude is determined with respect to the "onset"
of QRS in the first complex detected and the amplitude is measured at

this same relative time point in this lead for all other complgxes.

[}

L]
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4, Clustiering

The three sets of measurements define points.in a three-ddpensiporal
space and these points are clustered using the method of MacQueen (31).

The complexes corresponding to the points in the majority cluster are then
selected for signal averaging. - & P | ¥ ’

The clustering procedure used before signal averaging has several
amportant advantages in the subsequent proé&gsing of the signals. In the
first place, it tend% to select beats from the same phase of the - ‘ -
respiratory cycle, saince there 1s a respiratory influence both on the RR
interval and on the fiduical amplitude. Since respiration may also affect | .
the taiming of the second heartisound through its effect on stroke volume
{influenced Poth by the RR interval and filling pressures), selecting
beats from the same part of the cycle minimizes the phase shift which would
cause smoothing of thas signal. Clustering issglso a very effective way
of rejecting spurious events like premature contractions and wvarious

signal artifacts.

5. Selective Averaging

An estimate is made of the random noise level in the ECG leads, and if
this noise level i1s less than approximately 10 microvolts, averaging is
not performed and the complex corresponding to the point clesest to the R
center of the majoraity cluster is selected for anmalysis. Otherwise the
signal for all of the comp%exes in the majority cluster are averaged _
using a cross-correlation on the QRS complex for alignment. At this point
thé~signals for the PCG and carotid pulse are carried into the averaging

process, although the alignment is based solely on the ECG. The result

1s a new set of six signals representing the "averaged complex", on which

the final measurements are performed.

=



6. Measurement. of QRS Onsel From Selected or Averaged Complex

© 4

The onset of QRS (RON)} is determined using a template waveform recog-

nitiod technique based on that of van Bemmel et al (1973). This procedure
v

uses a normalized spatlal velocity fumetion

N
8V, = &
i

; =1 IA1+2,J - Ai-z,J‘

where Ai F is the ith data point of the averaged signal for the jth lead,

3

A search region 15 established arQund a preliminary estimate of the
onset, and the spatial velggiry’is cross—correlated with a six level
template which was established earlier from a test library of ECG‘records
"calibrated" to a human observer. If a sufficiently high correlatsion is
not found 1n the search window, the template is elevated to a higher
(amplitude) level and the procedure is repeated until an adequate
correlation 1s achieved, or until the procedure must be abandoned. If ‘
template elevation is required, a linear correction.is made to the final
onset estimate to allow for the shaft. Thais procedure has been proven to
be a very effective and accurate measure of the onset of QRS both in very
clean signals, and an the presence of a considerable amount of noise, such

|
as is found 1in exercise recordings.

s 7, Timing Analysis of The ﬁhonacardiogram

«
‘ ’

H

{

Source data for the ana1y31stof the phonocardiogram is a set of ¥

sampled data points Si' N is normally 256, corresponding to 512 milli-

seconds of signal, beginning at RON, the estimate of QRS onsét.. The
.

analysis involves the following Tteps:

(1) Caleulate integrated power function,
N
4.8

= 1 .
let SBAR = x %0 5;

~a



(ii)

(1ii)

Usang this ao a baselane, compute the integrated powern

function -

i 2
F, = % (8, - SBAR)"

i =1 i

il

¥ is a wonotomic inereasing function (see Figure 2.2)

rising slowly during "quiet" periods between heart scunds

!

at a rate determyped by the noise level in the signal,

and rising steeply during a heart sound.
\

( b

aLocate first heart sound. -~

Define k as the first point where

P > T - .
Fk TN x 0.1

Assuming that the noise preceding the first sound accounis
for less than 107 of the total energy in the signal, and
that the first sound and this noise account for at least
107 of total energy, k will represent a point somewhere in
the first rapidly rising segment of’ the fumctyon F and will

lie somewhere in the first heart sound.

-

Estimate onset of first heart sound.
We now define a new search segment from point k-20 to point

k and define I as the first point in this segment where

F. > F

I 20 F (F

k" Fk—ZD) x 0.1

On the assumption that point k is somewhere within the

. -

. first heart sound, and that poing k-20 (40 msec. earlier)

is in the noise segment preceding the sound, and again
that the intensity of’the sound wks sufficiently greater than
the noise level, point I will be in a very early phase of

0
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1 P2 . %
CAP second derivalive
function D2
\
\ ¥
~ s \,/““‘\}rf\\x CAP {irst deravative functlon
* Dl
) ) carotid arterial pulse P

. PCG integrated power function

i
. s2

2y
[

PCG "power" Function

phonocardirogram 8

* R
RON
ECG spatial velocity SV

electrocardiogram

Figure 2.2 - Plot of source signals from a iypical record, with derived
functions used by computer program‘to identify the time points required
to compute the systolic time intervals. The function names and symbols
are as used in the text. The arrows indicate the points on the derived
functions identified by the computer program.
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the first hegrt sound. The final estimate of the

<

onset of the fdrst heart sound 1s . .

v F4

I8l = I-~5 :

(iv) Locate a "quiet" point between the first and second heart

sounds. Find the pomntﬁM between I+50 and N85 where

&
i

; T 7 Feso ‘

ie minimum. In the absence of a systolic murmur or other

. \ ¥ ¥

artifact and given a' reasonably promunent second heart -
sound, M should be in the “quiet" signal segmént between

the first and second heart sounds. -« ° . R

3

(v) Locate second heart sound. ¥

The procedure used for the second heart sound is similar
to that used for the first sound, using point M as the
origin:

Define kz as the first point where

.

Fp > T+ (FN - FM) x 0.1

(vi) FEstimate onset of second heart sound.

[ -

Define 12 as the {irst posint where

7 1

Yy x 0.1

.

Fro > Tyogo ¥ (Fg = Fgho

The final estamate for the onset of the second heart

sound is then .

182 = 12~ 4,
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8. Timing Analysis of The Carotid Pulse

=

Ry

Source data a1s a set of N sampled data points Pi‘peginning at RON, as

A
s

in the cdase of ihe phonocardiogram. The actual analysie is based on the
use of two derived functions (the:smooilhed first and second derivatives)
and the knowledge of the locations of éhe two heart sounds (see Figure 2.2).
(i) Caleulate the first and second difference (derivative)

, functions.

Compute: R

145 i-1
1)1i = L P,- I P 1= 6,N-5 -
g=i+l 3 g=i-5 I
\ b2 = DL, - DI, 1= 7,86

We further establish AMAX and AMIN as the maximum and minimum
values of Dli’ These should represent the points of maximum
slope (which should be soﬁéwhere on the upstroke) and minimum
slope (which should be somewhere between the peak and the

dicrotic notch).

(ix) Locate carotid upstroke,
Define k3 &% the first point after IS1-17 for which:

Dl 2 AMAX x 0.3 1 = k3, k342, K3+4...k3+16

Thas definesg a point where the slope (first difference) of
thf sifidl goes above a threshold and remaing above this
threshold for 16 sample points (32 msec.). If such a point
1s found, it should be early in the initial upstroke of the
pulse wave. If sucﬁ'a point is not found, a message 18

issued and the analysis is abandoned.

a ©

#



{ii1) Refine estimate of carotid upstroke.
Find DMAX as the maximum value of DZi in the range from k3-3
to k3+47. Then the final upstroke estimate (IP1l) is the

first point before this maximum where

DZIP1 > DMAX/3

(1vf Locate dicreotic notch.

Find the farst point after IPl where

>

Dli £ 0.15 x AMIN

- i.e., where the slope first falls below 157% of thq.max1mum
negative slope. Dli must remain below this threshold for
9 data poaints (18 msec.) or point i is rejected and the
search is resumed. Having found such a point 1, find the
point j where the slope first rises above this same
thrthold again. That is, find the first j after i for
which:

Dlj > 0.15 x AMIN

If this point is earlier than I182-12 (24 msec. before the

second heart sound) discard it and resume the scan looking
for another section of negative slope. The final estimate
of IP2 is the point of maxlgum secohd derivative in the 25

points (50 msec.) preceding point j. °

9. Calculation of Systolic Time Intervals

Once the four sample points ISl, IS2, IPl and IP2 have been established,
they can be converted to milliseconds’from QRS onset by simply multiplying

by the sampling interval SINT (which is, 2 msec.). The estimates for the

-

wl
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desired systolic time intervals then are:
- Q52 = 182 x SINT

LVET = (IP2~IP1) x SINT

i}

il

PEP Q82 - LVET

The heart rate is estimated as the reciproecal of the mean R-R interval for

[y

the beats selected by the clustering routine.

o

10, Display of The Analysis Results To Operator

After the analysis has been completed, the average¥ signals are dis-

played on the screen of the computer terminal with vertical lines

[

indicating the location of the various timing points. An example of such

/

a display is shown in Figure 2.3, The operator then has the option of
rejecting the run and retrying the analysis on a fresh signal, or
accepting the analysis results; in which case the data for the averaged

complex along with the measurement results is copied to digital magnetic
W

tape for further analysis.

D. Measurement Validation . .

¢

Two experiments were performed to evaluate the accuracy of STI measure-
meﬁts obtained with this program.: The fairst of these sought to compare
measurements of LVET from the external carotid artery pulse wave records
with measurements derived from signals obtained with a fluid-filled
catheter in the ascending aorta. Tape recordings were obtained from 10
patients with a variety of heomodynamic disorders during routine
diagnostic catheterization at the Victoria Genmeral Hospital. The
recordings were made at the end of the clinical procedures with the

patient's consent and included a lead II electrocardiogram, external
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Figure 2.3 - Computer display presented to the operator by the STI measure~
ment program. The time points identified by the program are indicated by
the short vertical bars on the plotted signals. The "patient code”
jndicates that this record <s from subject number 326 from study number 18,
in state 12. The numbers under the heading “CA/NC" indicate that the
plotted signals represent the results of aveiaglng 6 of 13 beats identified

in the recorxd.
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carotid pulse and the aortic pressure signal from the catheter. These

gignals were then processed with a version of the measurement program modi-

fied to analyse each beat, once using 'the carctid p lse,;§nd a second time

using the central aortic pulse. Consaiderable difficplty was expggienced

with the quality of the'signals, which were obtain%g#pnder less thap ideal
. ’ o
conditions. The ‘main problems expe%ieuced were 60 ilz hoise, distodted

a

signals due to partly obstructed catheters, and occasionally a poorl

defined dicrgtic notch in the aortic pulse. Despite these difficultiés,

o

"acceptable measurements were obtained from 155 beats from the 10 subjepts,

and Figure 2.4 shows a scattergram of aortic-derived LVET versus carotid-

derived LVET for these beats. The regression equation for this data is
LVET(aortic) = 32.2 + 0.885 LVET(carotid)

with a correlation coefficient of 0.93 and a standard deviation about th

line of 8.1 msec. It isyinterest%ng to compare this with the results

receptly reported by van de Werf et al (56) based on a group of 26

patients under what appear to be much better controlled conditions. They

)

obtained the equation: .

J

LVET(aortip) = =20.75 + 1.09 LVET(carotad)

£

with a correlation coefficient of 0.98 using the right carotad pulse and a

»

similar equ;tlon with a correlation coefficrent of 0.99 using the left
carotid. Although they do not quote‘ﬁtanda}d deviations for their
regressions they are clearly smaller than that obtained in the present
study, judging by their correlation coefficients.

¢

Although the slope of the regression obtained here is less than 1.0

(while 1t is greater than 1.0 in van de Werf's study), it should be
observed that the regression line oﬁdthe present study is such that it
prediets equality of the aortic and carotid measurements at about 280 msec)

with a dafference ranging from 3.5 te -5.2 mseec. over a range of ejection

-



LVET (AORTIC)

’
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times from 250 to 325 msec. In other words, the difference belween

inkernal and éxterndl measurements ig not apprecilably more than the 8.1

msec. scatter about the regression line. Allowing for the séatfer probably
_ M

duced by the presence of 60 Hz noise noted earlie

0

computer logic
might easily !&ock 1n" to the 60 Hz signal), it is lakely that an

experiment conducted under better conditions would in fact show a puch

better correlation, in agreement with results already reported by others.
The second experiment conducted was designed to compare measurements

obtained with the computer program with measurements obtained visually from

the same records. TFor this purpose the avéfaged signals from 99

1
conseeutive resting and exercise records which had already been measured by

Y

'the analysis progrom were plotted using a digital incremental plotter at an
1

feffectiva paper speed of 4 inches per second (101.6 mm/sec) on paper with
!

% scale graduations every 0.04 inches (10 msec.). The computer indication
1
3

of the onset of QRS was used as a time reference.

% The onsets of the first
¥
?

H

!

and second heart sounds (S1 and 82) and the upstroke (P1l) and dicrotic

b

inotch (P2) of the pulse waves were then read visually by the author and the
1

1

m

easurements so obtained were transcribed to punched cards for correlation

¥,

£

77 .

with the computer measurements already available.

i
k]
2 Figures 2.5 to 2.8 show scattergrams of the computer measurements
é

v

3

3

?
o
3

?

3

[&]

ertical axis) versus visual measurements (horizontal axis) for the time

ints 81, S2, Pl and P2 respectively, and Figures 2.9 to 2.11 show similar

scattergitams of LVET, PEP and PEP/LVET computed from these time points.
3 '

Th? regression equations corresponding to these scattergrams are
?

i
summarized in Table 2.1. The agreement between computer and visual measure—
§

meits of 51 15 poor, but this time point is notl used to compute any of the
3

prancipal intervals. " The agreement for the other three time points is

A e s
N s arssar 4 g s
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of

onsel of first heart sound (51) in 99 records.
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. TARLE 2.1
Regresclon equations relating computer (¥) to visusl (X) measurements
of the onsets of the first and second heart sounds (81 and 823, the
upstroke (Pl) and incisura (P2) of the carotid pulse, and the STI variables
LVET, PEP and PEP/LVET derived {rom these time points i r 99 consecutive
STI records. The computer measurement of the onsel of QRS 1s used as a
reference for beth computer and visual measurements. The cquation for QS2

Y

is thus didentical to the equation for 52.

CORRELATION S.D. ,
VARTABLE  REGRESSION EQUATION COEFFICIENT ABOUT LINE
s1 Y= 26.9 +0.59X% 0.63 12.0
82 ¥=11.9 +1.03%"° 0.99 5.9
, P ¥= 2.2 +0.93%° 0.98 4.0 |
P2 Y= 5.2 +0.97X 0.99, 4.5
LVET Y= 14,2 +0.95 X .98 5.1
PEP ¥=-0.6 +0.97 X ¢.93 8.3
PEP/LVET Y = 0.039 % 0.87 ¥ 0.89 0.037
- ! -
. i
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very good, with the correlation coefficients never going below 0.98. Tt

should be noted, however, that even with the laige correlations achieved,

-the gtandard deviatioms about the regressiem lines arve stlill at least &

mgee. Thic of course probably represents the measurement luimit

attaiﬁable from visual neasurements al the effeetive paper speed used, and
rapresents only 2 sample polnts in the diglital data, sampled at 2 msec.
Intervals. The standard deviations in PL and P2 are bgth essentially at
this limat, and the standard deviation in 82 (and thus QSZ) is somewhat
higher at 5.9 msec. Looking at the systolic time intervals Lhemselves,
the scatter 1nothe Lime points used in their measurement 18 compounded, as
would be expected. Although the agreementrbetween computer and visual
measurements is still very good, tﬁeocorrelatlon coefiicients are lower
than those compuyted for single time points, and the scatter is higher. The
residual standard deviation for LVET (5.1 msec.) compares well with the
Figure of 4.8 msec. reported by Spodick et al (48) for LVET in a multiple
observer study using paper tracings. The computation of PEP requires both
time points imnvolved in LVET as well as the time point S2, and the result
is a higher residual standard error (8:3 msec.). This points out the
advantage to be gained from the development of a methodology which
eliminates the necd of the phonocardlogram, as suggested recently by
Spedick and Lance (49). They ghow that the interval {-P1 tracks PEP
closely (and that Q-P2 tracks Q~52) and recommend taking advantage of
thas fact in the computation of systolic time intervals to avoid the noise
problems encountered in the'phonocardiogram during exercise. Although

this approach ig not used in the curreént study, it is clear from Table 2.1

W -
that an additional advantage in measufement precision may be achievable

¥ it

from this technique.

i



* The high degree of scatter seen in PEP/LVET peints cut the extreme
sensitivity of this parameter to small errors in P1, P2 amd 82 and suggests
cdution in trying to attach significance to smaldl changes observed in this
variable in dndividual subjects.
3y N 4 ’

E. Statistical Procedures

The statistical tests performed on the data are all designed to test
for differcnces between two multivariate distributions, one of which is
always the appropriate sample distribution for a control group of "pormal"
subjects, and the other Is the sample dastribution for a test group which
we would like to bhe able to separate ("dlscriminaép") from the normal
group on the basis of the variables measured. 1If 1t is assumed that the

(8

sample distributions are multivariate normal, the complete statistical

[ e
deseription of each distribution consisis of its sample size, mean vector

and covariance matrix. * .
The computations required for multivariate statistical tests require
the inverses of the covariance matrices. TFor this reason, the covariance
matrices must be kept non-singular, which require that the measurement
variables used be, linearly independent. Since the interval QSZ is a
linear combination consisting of PEP and LVET, it was dropped from the
computations. gThis implies no loss of infoimation for the purpose of ‘
discriminant analysis. The ratic PEP/LVET, on the other hand? is a non~
linear combination of PEP and LVET and does not upsel the stability of the
covariance matrices. Thg final set of wvariables in the measuremeni vector
" consisted of HR, LVET, PEP and PEP/iVET, giving rise to 4x4 covariance .

matrices. When data for {wo states is combined, a measurement vector of

8 variables is produced, and the covariiance matrices become 8x8.
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The differences belween two populatlons can lie an ddfferences in the
means vectors, in the covariance or "dispersion" matrices, or in a combina-
tion of boith. The pramary statistical tests performed here are based on a

set of three complementary null hypothesess

HO: The populations have the same means and dispersions

le The populations have the same dispersions but may differ in

the means
//

e

Given that the dispersions are the same, the test is that

, the means are the same
3

Each of these hypotheses can be tested using a likelihood ratic, as

outl;ned in Chapter 42 of Kendéll and Stuart (23). These 1¢kg11h00d
ratios can be transformed (approximately) to ¥° scores with degrees of
freedom equal to the number of constraints imposed by Lhe hyp&thesis being
tested. In the case of 4 variables, there are 14 degrees of freedom in
HO’ partitioned to 10 d.£. for Hl (test of covariance mairices) and 4 d.f.
for H, (test of means). )

An effective linear diseriminant function caa only be developed when
the means of two populations are separated to ; sufficient degree. A good
measure of this separation is the quantity DZ, the Mahalanobis (squared)
generalized distance between the samples (68). This 1s computed for all

of the subject groups considered as:

k k

2 o - ~-n -
D = I I (x,-x%x,)W., (x.,-%.)
i=1 =1 11 12 iz il §2
where ﬁlt = mean value for variable i for group t
Wlij = element ij of the inverse of the within-groups

covariance matrix W

k = qpumber of variables
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2
Tor a given pair of populations, D™ can be tested by transiorming it to

¥
flotelling's WO“, and thence to an F ratic as shown by Rao {(%4la). This test

is essentially equivalent to the likelihood ratlo test fer IL,.

Bince it was found that D2 was frequently very small in the groups

considered, but that the scatter in these groups was usually larger than
A

the scatter in the normal pgpulation,
&
sample vectors which lay beyond a 90%

the distribution for normal subjects.

individual D2 for each subgéct, as

a procedure was developed to identify
confidence limit from the center of

This was done by computing an

| D2= 1}5 15_5.(;:—11)13“ {x - u.) .
=1 g=1 L.+ g
where x, = individual measureme;£ for variable i
ui = mean value for variable i in normal population
rA'ij = eglement iy of the inverse of the covariance matrix A .
for the normal population

k = number of variables -

This upper 907 limit of D2 was established for normals, an#{using this

limit as a threshold, the number of subjects with D2 greater than thas

threshold in each abnormal group was counted and expressed #s a

4
percentage. This count 1s referred to as the “generalize;i outlier count".
Al
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Systolic Tume Intervals In Normal Subjects

Descrlpzion of Group

The normal group was extracted from a pool containing clinical data and

46

>

STI measurements for the thréé European male population samples mentioned

in the previous chapter, and for the Helsinki police department.

The men

in the*pool cover the age range from 35 to 70 years, with most of the men

¥

under 50 coming from the police group. The original data pool contained

7380 sets of measurements from 2997 subjects.

After excluding all subjects

with bundle branch block or oh fardiocactive medications, good resting

supine measurements were obtained from 2649 (88.4%) of these subjects, and

post-exercise measurements from 909 (30.3%).

Good restaing upright

measurements were obtained from 1033 (85.9%Z) of the 1202 policemen in the

pool,
measurement errors, and 2203 (67.8%) of the 3251 post~exercise records were

lost for the same reason.

»

447 (10.8%) of the 4129 resting records were rejected because of

About 50% of the 2650 measurement errors were

due to a logic breakdown in the computer program caused by noilsy pulse

| waveforms and the remainder were excluded after visual inspection of the

computer plots revealed errors not detected by the program itself.

In

addition, a small‘number of records were discarded because the clinical

information for some subjects was incomplete.

For each state, the normal control groups were extracted from the

‘remaining records by excluding all subjects with any evidence of heart

isease on the basis of physical examination, history or resting ECG,

ncluding all subjects with diastolic blood pressure greater than 95 mm Hg

s
v

4

4=

\ L
or systolic pressure greater than 160 mm Hg. The final control groups

J

«

4]
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A ¢ - v o
were. based on 1437 resting supine subjects, 790 resting upright subjects,
and 370 subjects ummediately after submaximal bicvele exercise.

a

2. PResulls

Ragression data of systolic time intervals with the heart rate for the
noymal group are summarized in Table 3.1 and the corresponding scatier—.
grams for the resting supine state are shown in Figures 3.1 to 3.4
(n=14537). ‘The two ellipses on each plot represent the 50% and 90% limits
of the assumed bivariate normal distributions corresponding to the
computed regressions. The irregular elliptical curves represent the same
limats for the estimated bivariate frequency distribution of the raw data.
The relatively close match of these two sets of curves is am indication of
the validity of the assumptiocg of bivariate normal dastribution. A slight
deviation from normality 1s aindicated by a slight ékzwness in the
direction of higher heart rates and a slight upward deviation of the data
points for LVET, PEP and Qszvin the same regron. These upward curving

tails cause a slight decrease in the regression slopes computed for LVET
o

.and QSZ. . ’

mSlmllér éata for the normal group in the restaing upright state (n=790)
15 shown in Figures 3.5 to 3.8. The distributions display less skewness
and curvature than the supine data, indicating that there is less
deviation from normality in this state. Tﬁéncorreratihn coefficienls are
again ighly significant, the "worst" being that for PEP, which is
significant at a P value of 1077, The regression lines for LVET and QS,
are a lattle flatter than in the supine case, and are displaced downwards

Fa
in the order of 20 msec., while the behavior of PEP is largely unchanged.

The ratio PEP/LVET is increased by about one standard deviation over the

)

o



TABLE 3.1

IV

Systolic Time Intervals In Normal Subjects: -

Mean Values and Heart Rate Regres 5A9ns

/
Mean Value Pepression With Heart Rate
Variable Mean 8.D, , Intercepl Slope 8.0, Correlation P
L4
™, A - Resting Supine. N = 1457 )
HR 67.0 11.3 ﬂ‘f
LVET 292.1  23.0 403.5 -1166 13.2 .819 <.001
PEP 112.5 14.4 132.7 - ;;30 14.0 // fz <.001
-!. 3
QS2 404.6  28.4 536.2 ~1196 -7 781 <,001
§
PEP/LVET  .387  .056 .305 .00124 4o a<.001
- g’j '4 |
. ) |
B - Resting Upraght. N = 790 \
kY
HR 75.4 11.5 )
LVET 260.9 22.2 376.5 -1.53 . <,001
PEP 115.8 15,2 134.3 - <.001
Qs 376.7  25.7 510.7 -1.78 - <.001
PPP/LVET  .448  ,072 ., .319 .00170 . <,001
C - Post-LIxercise. N = 570
‘ "
HR 94.7 16:0 U ;
LVET ( 241.06 26.5 369.0 ~1.35 15.3 <.001
PEP 78.0 14.1 101.2 - .24 13.5 <.001
QS2 319.1  31.2  480.2 -1.60 17.9 <,001
PEP/LVET .327 067 242 .00090 .066 <.001
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nean supine walue, and the mean heart rate is locreased by about § beats
per minute,

Figures 3.9k}0 3.12 shpw the results in this group after excrcise
(n=570). This éaLa 15 best compared wath the resting upright results,
since the posturc was the same for both series (upright position on a
bieyele crgometer). The significont increase yn heart rate after exercise
is accompanied by equally significant decreases in LVET, PEP, QS2 and
PEP/ILVET. If the secatterprams ave compared it 1s seen that the decrease
1n LVET is not very different from what you would expect Lo see from the
increased héart rate alone, usaing the regression coefficient derived at
rest. The decrdase in PEP, however, cannot be explained on the basis of
heart rate, and this agplles also to QSZ’ which of course contains both
PEP and LVET as components’. The ratio PEP/LVET decreases after exercise,
from the elevated value seer in Lhe resting upfight state Lo a value
considerably smaller than thar seen in the supine position,

The multivariate statistical deseription of these normal groups, con-—
sisting of sample size, means vector and covariance matrix, is shown in
Table 3.2. To keep the covariance matrices non-singular, the vari;ble QSZ
has been omitted, since it 1s a linear combination (i.e. the sum) of LVET
and PEP. Although the ratio PEP/LVET is obviocusly also a combination of
these variables, it is a non-linear combination, and does mot upset the
stability of the matrices.

In 707 normal subjects a good record was obtainable for bolh the
resting supine and resting upright states, giving rise to the 8x8
covariance matrix shown with its means vector in Table 3.3. The variables
in this case consist of a set of the four STI variables for each of the

*two states. The corresponding correlation matrik is shown in Table 3.6.
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Systolic Tume Intervals In Normal Subjects:

TADLE 3.2

teans Vectors and Covariance Matrices

A — Resting Supine, N = 1457

leans
Covariance)

/
HR
LVET'*
PEP
PEP/LVET

HR
67.0

127:84
-212.55
~38.433

. 15792

k? B ~ Resting Upright. N = 790

teans
Covariance

HR
LVET
PEP
PEP/LVET

-

HR
75.4.

131.82
-201.99

* ~32.181
22429

¢ - Post-Exercise, N = 570

Means
Covariance

HR
LVET
PEP
PEP/LVET

HR
94.7

(¢}

257.57
~347.89
-63.032

.23162

LVET
292.1

527.46
36.63?
-, 58926

LVET
260.9

494,26
~32.276
~.96089

LVET
241.0

§
b

702.56
37.096
-.83703

!a).g

&

PEP
132.3

206.33
.66595

PEP
115.8

230.89
»93487

PEP
78.0

198.68
.78075

57

PLP/LVET

- 387

.0031361

PLP/LVET
448

.0052452

PEP/LVET
.327

,0045283
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The inter-correlatioms, especially betwcen the variables for the two

states, are worthy of note here. It should also be remembered that this is
a subgroup of normal subjects drawn only from the Helsinks Policemen Study,
since resting upright records were not recorded in the other field studies.

Table 3.4 shows the same Information for Lhe 518 subjects f£rom whom
both resting supine and post~exercise records were obtained. Similarly,
Table 3.5 contains the data for 264 subjects (again from the Policemen
Study) for whom both resting upright and post-exercise records were avail-
able. Both correlation matrices can be scen in Table 3.6.

It Is, of course, difficult to depict 8-dimensional information
graphxeaily. However, the new informaiion obtaipnable from considering two
states simultaneously liés in the changes in the variables {rom one state
to the other. Figures 3.13 to 3.153, therefore, show the changes in LVET,
PEP and PEP/LVET from the supine to the upright position plottéd agawnst
the corresponding changes in heart rate. Simllafly, the c?anges from"the
resting upright to the post-exercise state are shown in Figures 3.16 to
3.18, and the changes from the resting upright to the post-exercise state
arc shown in Figures 3.19 to 3.21. The mean changes and the reér3351on
relationships corresponding to these scattergrqps are contained in

Table 3.7.



L9852 " §1iZ8°~  €89%Z°
016£%00° L5°681 £89°52 89175~
, £1°49L9 9%°TCE-
- 8T "9%2
9gE " gL 0°1%¢ £°96
TaNT/dad aud mmmw ¥

£09¢100°
81088~

L68%1 "=
GLETLD®

696L200°

16€°
IHAT/ddd

ev061" I
Ley°59 619 L1~
SLL°E9 147642
650" 6E~ 09°28T~
FeILS” £1685°~
TL°%81 aHT Ly
e " 058
IR AN §°€62
Jid LHAT

eRELT”
08%e°¢
607121~
LEEY6

QLL91”
EGL°LE-
€e°5ie-
AN A4l

9°69
¥R

SELOADRE=150d

Butdne ouI3sey

VA

T3AT/d3d
didd

L3AT

dH

LIAT/dd9d
ddd
L3ANT

HH

qUSTid; DeToisnd-180d Pur ouidng SUTISE pPRUTqUO)

TYETAGE]] OOUELABAO) PUE 0109/ SUBSH

fould

7°¢ dT9VL

-~

~—

“g16=N saoalqng TeRwICYy

ASID¥YXE

DONILSTE

SUULTIBAOCYD

suraR

K



4

s

61

LEEYS00° $1296" £0118° - £9€62" 05/8200° SHITY* 6592L°~ 1611€" I9AT/ a9 -
10°2€2 06€°%Z LY0° %9~ 16566 22 111 905°9.-  YLZ'€T aad m
80°519 ¥0° 95E- ocHpE" ™~ © 1S6°%% c¥° 69z €0 ZYI- IIAT - m o
' 15 88d 615120° 087 %#S- ° ¥8°€T1-  9T9°66 H =
- 0968500 $610°1 Z120° 1~ =="TICres LEAT/d5d
0°797  0S1°1§-  028°6%- ama B
=3
ZTSLY Z0° 502~ IIAT = _
[}
11°0€T aH
’ DOURTIBADD
LEE" 9°LL 1°€£2 7°'86 9G4 $°811 8197 [°CE suBaR
Tanai/aad d3a IIAT TN TANT/ddd ‘cad D I
IqSTad{] ©51oJoxa-350d © IRTFEL N T oA

e o S e

351ady 95104o%I~1504 pUB 1UsLAd[] 2ULISSY DeHTOWag o0 eh CGhoeiung TRTIoN

TR

"TXTAIE]] SOUBLIBAQD PUE ICTTAA

5 ¢ ¢ Iavd

4 °



tr

SUPINE

UPRIGHT

RESTING

EXERCISE

W
.

RESTING

EXERCISE

, T e

TABLE 3.6

62

Correlation Matrices For Two-State Parrs, Normal Subjebtﬁ///

N

»

Combined resting supine and resting upright. N = 707 /
Rasting Supine - Restxng'Jprlght

HR  LVET PEP PER/LVET HR  LVET / HEP PEP/LVET
HR 1.00 &
LVET -.83 1.00
PEP -, 15 02 1.00
PEP/LVET .29 ~,49 .86 ¢ 1.00
HR . -87 "'-78 "‘-06 v3l§ 1.0() /
LVET "061 -77 “nolf —-.42 bl 79 1:00
PEP” -, 25 .18 .68 .50 -, 17/ -.10 1,00 :
PEP/LVET 11 -.25 , .58 .63 27 -.59 .86 l.qO
Combined resting supine and post-exercise upright. N = 518

@

Resting Supine

Post~-Exerdise

HR  LVET PEP  PEP/LVET /HR

HR 1.00

LVET -.83  1.00

PEP -, 25 .15 1,00

PEP/LVET W20~ 47 .80, 1.00

HR .54 ~.41  -.18 .09 1.00
LYET - 42 W45 .18 T-. 11 ~.82
PEP 02 -.05 .35 .34 ~. 24
PEP/LVET .24

24 ~.29 .21 .3

Paﬁ PEP/LVET

IVET

1.00, .
.07 1.00

~.48

.83 1.00

Combined resting upraight and post-exgrcise upright. N/c 264

Resting Upright

Post-Exercise

HR  LVET  PEP PEP/LYET HR

HR 1.00

LVET -.82 1.00

PEP -.13  -.14 1.00
PEP/LVET .31 ~-.61 .87
HR S1 -33 -.20
LVET -.50 +49 .11
PEP .13 -.23 W45
PEP/LVET «37 =.45 .34

LVET PEP | PEP/LVET,
1.00
.86 1.00
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TABLE 3.7

Normal Subjecls. Response To Posture Chanpe and Exercise
o

-

»

Variable -

Mean Change

Regression With AUR

68

Mean S.D. Intercept Slope §.D.

Gorrelatlon

Bagtd
2ty "

A - Restang Upright - Resting Supine. N = 707

IR o,
ALVET
APEP
A(PEP/LVET)

o

Zura‘ 5- 60 - N i w

~27.5 "14.4  =15.6  =1.63 11.1
T 6.0 11.7 . 6.1  -.013 11.7

.065 .057 043 .00296 0547

&
@

¢

B - Post-Lixercise Upright -~ ﬁesting Supine. N = 518 »
AHR 29,0 13.4 .
ALVET 5248 258 - B.6  -1.52 16.0
ApEP ©-36.5 15.6  -27,9 - .30 15.1
¢ ' A(PEP/LVET) L065 .068  ~-.092  .00093 .067
¢ - Post—Exercise Uprigﬁt = Restang Upright. ‘ﬁ = 264
AHR 24,6 14.8
ALVET -28.7 23.7 4.2 =1.35 12,7
APEP . "'[’0-8 16-5 B _34.5 e 626 lﬁ’q
A(PEP/LVEY) ~.120 .075  -.142  .00089 .07%4

-

ok

e 633
=.006
291

-. 787
“a 254
.182

""‘843
. ¢

- 233
176

£

<.001

. ' N.S.

<,001

Eny
‘

<.001
<.001
<.001

'«.001
<,001
*« 005

To9
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CHAPYER IV

Syatolic Time Intervals IncSelectad lleart Disease Groups

A. QGeneral Remarks

This chapter contains the results for all of the abnormal groups con=
P group

sidered in this study. It ancludes a larpe nugber of Lwa«diﬁénsional
scattergrams and a few general comments apply to them alls
Each scdhtergram corresponds Lo one of ithree planes in the four-
dimensional obs%§vatlon space having the, variables heng rate (fIR), left
ventricular ejectron time (LVET), pre-ejection period (PEP), and the ralio
j%T as axes. These four variables are a Linearly independent set and

PEP/L

are used as such\ln the multivariate computations requiredxﬁo“perform -

@ -

statistical tests., The variable Q52 is not included because i1t containg
o

no additiopal information, it bei;gﬂg linear cowmbination, i.e. the sum, of

o a -

the two variables PEP and LVET. Its inclugion as an additicnal variable

L]

— would make the covariance matrices sangular, which would make the ,R«%J/¢/
' Al . 4
} mialtivariate statistical computations Mpossible. .
! 1 » L]
: . Eaclj set of three scattergrams corresponds tfo a particular siate, ch
]

N .
as 'resting upright" for a particular subject group. The scattergraps

contain a number of vertical crosses or "plus signs" (+), and a pair of

.owt ? F's
/f/f~"7 concentri¢ ellipses. , The plus signs represent the data points for the
o y o
’ i)

. subject grodp depicted, The e%llpses represent téf 50 and 90% confidence

limits in the corresponding plane, and for the corresponding state,. for
S ]
y o
| « the statistical dastribution describing the normal group prescnted in- the

o { ¢
previous chapter. The heavy arrow indicafes the two-dimensional distante

o v ”
<9 @

of the mean value§ of tha~variables in question from the corresponding
) “
ty mean values in the normal group., The statistical Lésts performed are

a5 g F)

3 4

o

&
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baged on the relative distance between these means in the four-damensional
observation space, It con be scen ifrvom some of the seattergroms that the
distance belween the means in any glven plane coan be insignificant and still
the group differences between the cuperimental groups in the four-
dimencional space can be hagh by significant. ’

#

[

B. Bystolic Time Intexvals In Hypertengsive Heart Disease

. ‘éa .

i. Deseriplion of Groups - :
L

Siw groups were selected from the gemeral data pool in an attempt to

tdentify trends am the systolic time imtervals,in relation to varying
a . , .
degrees of expected cardiac involvement in hypertension. These groups were

- ¢ 3

selected on the hasis of physigal examination data at the time of the STI

A
study_and examinations conducted five years previously on the same

populations. The first two groups were sélected on the basas of blbod
press%rgimeasurenent {Table 4.1). The first group éonsiség of‘the subJects
presenting with hypertension at Lhe time ¢f the STI study and nofmal blbod
:hressure in th exvminatianvfive years bgfore. For this purpose L

hypertemnsi { is indicated if the systolic pregsdre is greater than 160 mm

o

Hg or zhe'dlastolxc;pressure 15 greater tham 95 Hg., The second, smaller

group isvwcomposed of subjedis who had presented with hypertension both at

a

the time of the STI study and at the study five years earlier. rThe

-

intention here was to Lry to distiﬁgulsh between the, short range effect and

the cumulative effect on the myécardiumyﬂf a prolongeq period of sustained

o Al

afterload. . : v . .
’ el t r

The thifd test group consisted of those with a confirme%)hlstory of .

Q"‘O—.
&

- a L]

hypertensive heart disease; selection criteria included histary of hy&per-f

I3
PN . g}
v
3
$ 2 ” @

i o °

o3

°



Composition of The Ten Groups of Subjects Chosen For The STI Study

Groups five and sixm are bubproups, of proup four.
\ [~ &

s g s
enlargement., with or without evidence of hypertencion, was

Cardine

defined as relative heart volume Inereace by 060 m&/mz in

v

|
five years. Tho numbek of subjects In each group
W -

-

~

indicates only those andividuals from whom good quality

STI records were obtained.

o

-

z
* NUMNBER

GROUP . ,,
. L} v . o ‘
4 » b "
; 1. Hypertenmsion (HT) . 615 N
k] 1
2. Sustained Hypertension (SHT) 292
4
- 3,. Hypertensive Heart -Discase (D) 99’ L L.
- v . ¢ ) @
4, Cardiac Tulargement “(CE) B 152
5. Cardiac Enlﬁrgeweﬂ% and ' )
- ° . Hypertemsion (CEGHT), oo, 22,7
6. * Cardiac Enlargemeni and Sustaaned : , T
. ° . [Hypertension {CE&SHTY " 9" .
i . o N S -
« 7.~ 8T Deprescion (STD) - : 70 .
8. 'Angina Pecinris, (AF) . ) 245
a R »
“.9. ~%yocardia] Iniaretion (ML) ) 79
. * - - ™ . n
16, Acufe Myocardial Infadef.lon (AMI) 16
) . o . o
. L, g v .
“ L} * N X‘vo o ' . , v,
2 " DA\ 3 ' - ’
¢ . ‘ . ¢ ﬂ* ;Y.( 'g_
PR o v ¢
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N = -

~

tension and one or move episodes of cardiac failure.

The fourth test group was selected on the basis of the “relat
volume" (R.1.V.) defined as roentgenologically measured cardioe v
oquare meoter of body surface area. This parameter, only avallabl

Helsinkl Policemen Study, was determined at the time of the §TI ¢

=ed
b

t

ive heart
olume per
e for the

tudy and

<4
at the study fuve years previously. A subject was included in tl

if his relative heart volume had increased by 60 ml/m2 over the £

is group

ive~year

period. | The selection on this basis represenls an attempt to stratify the

study populatﬁon using critervia which are independent from the blood

-

!

pressure data obtained in a single casual act of measurement wilh its

inherent limitations regarding the long term hemodynarnic consequences. Tt

is recognized that the populaiion selected on this basis will contain

individuals who demonstra;g°cardiac enlargemené dye't@ cauges oth

»

ey than

hypertension; for instance, primary myocardial disease or physiological

—hypartrOphy in subjects engaged in vigorous physical fitness ‘prog

s 1

rams. .

The f£1fth group was a subsel of gfaupjfoﬁr, containing only those

% "

sub jects who in addition te cardiac enlargement presented with hypertension
- 7

¢ <

2 LS .
al the tiwme of the {irst study. This group of 22*subjecis was considered

z &

to manifest possible effects on STL of cardiac enlargement causal

" .
A n

related to increased afterload due to hypertension.

The sixth and final group of this series was a subgroup®of the fourth

.who presented with hypertension at the time of both xaminat%pné

years apart. This group includes only nine subyeCts and contains
* 14

sub%ects in ¢hom possible hypertension intervention was inadequat
. 4

Subjects kaown to be asmng digitalis at the time of the STI s

other cardioactive drugs known to influence the ECG were excluded

all six groups.

° &

ly

give .
those
e.

tudy or

from °o

2
ES

3]

)

o

a

L
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2, Results

b p—————"

2.1 Hyperteusion l .

2

Good resting records were cobtained for 615 subjects who appeared with

°

hypertension et the tiwme of the STI study. MHean diastolic pressure for

o

thic group was 100.9 (8.D. 10.7) mm Hg and systoliec pressure averaged 170.7 .
(8.D., 18.0) mm Hg. The regression data for this group is in Table 4.2 and

.the corresponding scattergrams are Figures 4.1 through 4.3.' The regression
P

equations are seen to be very similar to those obtained Irom normal

subjects. The mean heart rate is increased by several beats per minute,
with a corresponding change in LVET and PEP/LVET, in both cases largely

[ w
along the regression lives. In’ addition, there is a significant increase

Y

in PEP above that expected from the normal regression effect. The
&
nultivariate analysis of variance (Wilks Lambda for 4 Variables) yielded

2 -
ay of 439.1 on 14 degrees of freedom for a simultaneous test of the

s

equality of boih the means vectors and covariance matrices (using the

noimals 1n the previous chapter), which ls significant at the °.001 level.

2
A similar test for equality of the covariance matrices alone gave a ¥y of

309.3 on 10 degrees of freedom (p <.001). Using the paol&q covarlance, the

J
estimate of lfahalanobis 2 for the separation offthe means is 0,310, This G

2

0
can be converted to Hotelling's Ta » and thence to an ¥ ratio, yielding an

T of 33.5 on 4 and 2067 degrees of freedom (p <.001). In the LVET-HR

o

plane, 125 of the 615 ‘data points (33.3%) fall outside of the 90% normal
ellipse. On the PEP scaltergram, 987 (15.9%) fall outside the normal N
limit, and on the PEP/LVET graph, 110 (17.9%) are outside. It should he .

=<3 !
noted that a co?siderable number of these f£all outside in the direction of

higher heart rate, although they would fall close to a normal regression

line. The "generalized outlier dount”, based on the 4~-dimensional

1 [

k.4 . .
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peneralized statistical distance to the center of the normal population

. {(see Chapter I1), is 119 {19.3%).

Similar dath for 110 of these subjects in the upright state can be seen
also in Table 4.2 a;d i Figures 4.4 Lo 4.6. Again, the regression
equations are similar to the co¥responding normal ones, The relative shift

\ in the means is s@milar to that-seen in the resting sggte. The combined

‘ test for equality of“means and covariance matrices yielded a x2 of 120.6 on
< 14 d.f. (p <.001). The F test for equality of means gave a value of 13.2
on'& and 895 d.f. (p <.001) for a corresponding D2 of 0.547. 1In thé LVET-
HRbplane, 20 (18.2%) of the data points fall outside the 90% ellipse. 1In
the PEP-HR and PEP/LVﬁT;HR planes, the corresponding numbers are 19 (17.3%)
and 20 (18.27%). Again, a fair number of these points-lie near the

‘ . regression lines,, but are outside the ellipses because of high heart rates.

o

‘ The generalizea outlier count is 23 (20.9%). {2%

N
!

The scattergrams for 178 subjects after exercise can be seen in Figures

4.7 to 4.9 snd the regression data can also be found in Table 4.2. Although

-

- °

the regréssion equations are again simlilar to those for the corresponding
|
|

normals, there is this tame an increase in LVET, PEP and PEP/LVET whaich 15,
o

largely independent of the slight increase an HR. The multivariate tests
2
s yielded a¢ ¥ of 67.0 on 14 d.f. (p <.001) for the combined test of means and
e

2
. covariance matrices, but produced a ¥ of only 10.5 on 10 d.f. (not

significant) for the test of the eq&giity of the covariance matrices alone.

This, of course, makes the F-test of Mahalanobuis D2 more valid. 1In this

4

case D2 is 0.433 and the F~value is 14.6 on & and 743 d.f. (p <.001). The

"outlier counts" (number of points outside the 90% ellipse) on the LVET,
f
: PEP and PEP/LVET graphs were respectively 26 (14.6%), 24 (13.5%) and 16

“
///ﬁ S~ (9.0%). Since both PEP and LVET are both shifted in the same direction,

L

2
’

\ A

g
- «
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the ratio PEP/LVET, as mught be expected, 1s not” as useful as disdriminator )
as either of. the constituent variables alome. It can also be seen that HR

18 not a useful diseriminator, in contrast to what was seen in the two
q

resting states., The generalized outlier count is 29 (16.3%).

1

Because of the large size of this particular group, it was possable Lo
obtain a reaconable sample for the three possible pairs of combined states.
This resulis an an observation vector of 8 variables, 4 for each of the
two states included. The multivariate test results quoted for these are

4
based on ar 8 voriable means vector and an 8x8 covariance matrix, and are

Al

compared with saimilar matrices for normal subjects, as derived in the
previous chapter. Since the scattergrams for each of, the constitiuent

states would be virtually identical to the ones just seen, the figures

‘shown for these groups are based onzghe relative change in each variable
from one state to the other. TFof qhg{ébmbined resting supine - resting
- (s

“n -

upright states, for imstance, ’

ALVET = LVET (uprlght)/— LVET (supine) ,

X

)
and so forth for the other variables., In other words, the axes represent
]

the change in a variable for the second state relative to the first.

2

‘ There were 100 subjects in this group for which resting supine and
resting upright data was 51mu1tagg0u&ly available, and the scattergrams
showing the relative ahaﬁge an the variables are shown in Figures 4.10 to
4.12. The mcan response to this state change is seen to differ lattle
from the normal control group, The multivariate test based on all 8 .

2
variables yielded a x of 283.8 on 44 d.f. (p <.001) for a combined testi

of means and covariances an 8,0 on 36 d.f. (p <.001) for a test of the

for a test of the covariances alone.\ The Mahalanobas D2 based on a pooled

\ s



and 798 d.f. (p <.01l). The "outlier counts" in the three 2-dimen Lonél

respectively. The generalized cutlier count based on the 8 original
variables 18 21 (21%). What all these results would ceem to indicate is
that there 15 little additlonal information to be gained from a sl&gltaledhs
considerataion of régEiﬁg supine an& upright data, above what can b
extr@éted from the two states considered separately.

A potentially more useful pairing is the combined use of resting supine N

s L4

and post-exercise data. This combination of data was available fop 163
'of the hypertensive group. The scattergrams (of the exercise response)

thesi

are seen in Figures 4.13 to 4.15, The most interesting feature of
M

3

graphs is that the average response of the hypertensive group to e erci?e
(especially the response of LVET and HR) is somewhat less than that] of ﬁhe‘

normal group. H®is reflects the fact that the heart rate was elevalted

Py

after exercise, The test for equality of both mean§?and covariance|gave a :

3

gave a x? of 67.3 on 8 d.f. (p <.001). D2 was 0.570 with an F of 8.74 o

8 and 672 d.f. (p <.01). Outlier counts were 27 (16.6%), 15 (9.2%)
obtained for resting records alone (20.3%). The generalized count in| 8
dimensions 1s also 27 (16.6%). : .

[ 1

The third pair of states considered was resting upright and post-




Systolic Time Intervals In Hypertension:

TABLE 4.2

Mean Values and Heart Rate Regressions

-

Mean Value

Regression With Heart Rate

77

Variable Medan 8.0, Intercept
A - Resting Supine. N = 615
R 70.1 12.9
LVET 288.9  28.3 409.5
PEP 117.0 15.8 142.6
PEP/LVET , .409  .068 .322
B - Resting Upright. N = 110
HR 81.2 13.3
LVET 255.8 24.2 . 368.6
PEP 119.1 14.6 140.1
PEP/LVET 470,078 347
C - Post-Exercise. N = 178
HR 96.1 5.9
LVET 246.0 26,2 367.3
PEP “82.7 13.6 109.2
PEP/LVET .340 .064 .273
V4

Slope

—1-72
bl 036
00124

“'10 39
- .26
.00152

-1.26
- .27
.00069

S.D. Correlation
LS4
7.6 -.783
15.1 -, 298
0B66 235
15.6 -, 764
1402 “-235
+075 " .259
16.8 -.767
12.9 -.322
.063 A72

i

<,001
<,001
<,001

<,001
<, 05
<, 01

<,001
<,001
<. 05
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Figure 4.1 - Resting supine scattergram of LVET vs HR for 615 subjects with
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diménsional distance of the mean values from the corresponding mean values

for theé normal group.

. \

The arrow indicates the two-



{Eh]

158

20

PEP

ql

60

50

4

g v s ot e e o o i 4o =
4
+ +
¢ 4
+ R HE R T
: sg b 40
e "1 R I
g N 1 f et N
] i1 4% £3
e Sypphg L B ’
£y "41 ! 11*'5“?”::;” ot “b“ i+
+ X A s ‘h!“;!} % 11?1\‘ AL TR
Y fy-"‘x perkiisd) 1, 4
e o .t 044?'*;’ '3* 2
o+ 'uu- ?j"gd iljﬁot&‘tfti 1‘
‘“-\ Ht"‘u {Q-} 1‘,1'1’ n:_u 4 F 3 9 +
LR T e ;i-/'* + 4
DA A 3| +,
et e oo
S R * +
+ 4
+
&
¢
¥
] it e s ,
AD 88 70 LR 39 itk 115 130 135

.

HEART RATE

79

Figure 4.2 - Resting supine scattergram of PEP vs HR for 615 subjects with

hypertension.
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In practice, however, the fact that resting upright records were only

-

avallable from the Policemen study (which was also a “hénlthier" group)
limited the sa;ple size severely and this pairing was only done for the
hyportensive group. In this uasé, there werd only 40 subjects '(it.ls
important to reafize that to obtaln a means vector and covariance métrix
for 8 variables implies the estimation of 44 ‘parameters). The scatler-
grams are shiown In Flgures 4.16 to 4.18. The average rcspunée is seen to
be dlmost identical ts tQPL for the normal group, which would indicate
that there is nopartacular advantage in considering both states together
(over simply considering each state separately). The multivarlate tests
vielded a x* of: 87.4 on 4& d.f. (p ~.01) for the combined test of means
and covariance andtﬁl.O on 36 d.f.nfor the test of covariances only.’ D2
was .798 with a F value of 3.37 on 8 and 295 d.£2 (p <.01). Outlier
counis were 6 (15%), 4 (10%) and 4 (10Z) and the generalirzed count is

6 (15%): These could have arisen by chance in a normal population, con-

~

sidering the numbers involved.

.

» 1

2.2 Sustained Hypertension

.
' L]

Resting records were obtained for 292 subjects with hypertenslon at
the time of both studies. Mean blood pressutes on the sécond cccasion

were 104.3 *+11.3 mm Hg diastolic and 176.1 t 19.7 mm Hg systolic. The
L ,
regression data are in Table 4.3 and the relevant scattergrams are in

Figures 4.19 to 4.21. As with the flrst group studiéd, the mean
differénce from normal, except for the differemce in PEP, are’largely due

to the regression relationships with heart rate, which was increased

<

signifiéantly above normal values. The combined test of means and
Y

covariances yielded a x?* of 477.3 on 14 d.f. (p<.001) and the test of

-

°
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4 \ »

the covariances alone gave a x2 of 36l.4 on 10 4d.f. {p<.00D). Dz for the

means is 0.405 with an ¥ value of 29.9 on &4 and 1744 d.i. (p« .001).

& <
OQutlier counts were 78 (26.7%), 58 (19.9%) and 63 (21.6%), dué largely (as

with the simple hypertensive group) to increased heart rates. The

1

"generalized count" was 68 (23.3%). ' .
There were 57 upright records from this group. ~Regression daja is ’
again in Table 4.3 an‘&the scattergrams are in ngures 4.22 to 4,24, The
same general observations apply as to Lhe supine récurds‘ X for‘tﬁe
comﬁxned means—~covariance test gg; 114.0 on 14 d.f. (p« .001) and gpr the
uovariaqge test alone 76.7 on 10 d.f. (p <.001). Dz was 0.717 with an F
of 9.5 on 4 and 842 d.f. (p<.001). Outlfer counts were 10 (17.5%), 10
(17.5%) and 11 (19.3%), again related largely to increased heart rates. *

. The 4-dimensional count was 14 (24.6%).

18

Data on 85 exercise records is summarized also in Table 4.3 and in

L3I 9

& Figures‘d.zs to 4.27: Here we see increases 1in both LVET add PEP,"with a
slight increase i; their ratdio, not particularly related to a slight

w E)
increase in heart rate. The combined test yields a x° of 66.9 on 14 d.f. .

1 4

(p < .001), while the test for covariance matrices alone gives a value of

17.1 on 10 d.f. which“is not significént. A multivariate test fof equality

s

of the means (which yequires that the covariances be equal) gives a x2 of

2 5f 0.700 with an F of

49,8 on 4 d.f£., (p<.001). This corresponds to a D
12,9 on 4 'and 650 d.f. (p <.001)., The outlier counts were 16 (18.8%),, .
9 (10.6%) and 7 (8.2%), indicating perhaps that LVET is the.most useful ’
discriminator. The generalized count was iS (17.6%).. As with the ‘ -

¥

exercise records for the non—sustained(hypertensive group, HR was not &

contributing factor in the outlier counts. This would be expected since

»
the exercise

i

¢

tests were performed at a target hda;& rate.

‘l
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There were 49 subjects in the group with both resting supine and resting
i

upright records available, and the scattergrams of the rhanges in the
vari?bles are Figures 4.28 to 4.30. As with the previous group, the
response to this- state changé differs little from the response of the normal
group. The combined multivariate test (8 variables) for both means and
covariance yieids a x® of 288.0 on 44 d.f. (p <.001). The portion of this

»

¥? due to the difference in the covariance-matrices is 238.3 on 36 d.f.
(p <.001). D* is 1.121 wath an T of 6.36 on 8:and 747 d.f. (p <.001). The -
outlier counts on the #change" graphs are 6 (12.2%), 5 (10.2%) and 6 (12.2%) )

<
which are not different from what would be expécted 1n a normal group of

2

e
this size. The 8~dimensimngl genéralized count is 11 (22.4%), which is

still not as good as the result obtained from resting records alone.

There were 79 subjects with both resting supine and post-exercise

records. The scattergrams of the chgnges are in Figures 4.31 to 4.33. The

a

) -
mean response is somewhat more different from normal than in the supine to

4 o

upright test above, with only the change in LVET deviating feom the normal

4

regression line. The combined multivariate test gives x% of 261.6 on 44

d.£. (p <.001) and the teéfﬂof*CQQAriances alone gives a x2 of 197.7 on 36

2

d.£. (p <.001). D“ is 0.984 with an ¥ ratio of 8.34 and 588 d.f. (p < .001).

~

The outlier counts on the response scattergrams are 14 (17.7%),- 5 (6.3%)

©

and 7 (8.9%). Onlty ALVET appears useful in this case as a discriminator.

The generalized count is sliéhtly less than this, at 13 (16.5%).

- v

The sample size ‘for the codbinedf;esting upright and post~exercise pair

v

was too small to be consﬂﬁered useful, and on the basis of the results for
: y
the non-sustained hypertensive g;bup, this pairing was not examined for

any other of the\groﬁps in tﬂis study. !
* ]

v v B e

»
O AL,
- s
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TABLE 4,3

B

Systolic Time Intervals In Sustained Hypertension:

Mean Values and Heart Rate Regressions *

91

/ &
Mean Values Regression With Heart Rate-
Variable Mean 5.D. Intercept Slope 5.0 Correlatien
A -~ Resting Supine. N = 292
HR 72,3 13.8.7,
LVET 284.2  29.5  400.1 ~1.60  19.3 -, 754
PEP/LVET 416 070 .330 00118 .068 .233
B - Resting Upright. N = 57
HR 82.3 14.2
LVET 253.7 23.5 364.1 -1.34 13.9 ~-. 808
PEP 120.3 13.8 138.9 - .23 13.4 -.233
PEP/LVET 478 .074 . 340 00167  .071 +320
C - Post-Exercise. = 85
HR 96.8 15.4
LVET 247.0 °25.4 362.5 -1.19 17.6 ~, 722
PEP - 3.7 12.9 111.3 - .28 12.2 -.339
PEP/LVET .342 .064 .283 00062  .063 .149
]
» E)

LA

<, 001
<.001
«~,.001

<.001

NS,

<,001
<.005

n‘s.

0

(2}

Ses
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443 voniirmed Hvpertensive Hearxt Discase

e

Ninety-nine resting supine records were obtained ivom subjects with
eonfirmed hypertensive heart disecase (HUD). Mean blood pressures for this
group were 103.1 % 13.4 mm Hy diastolic and 173.3 % 21.0 mn Hy systolie.
The regrossion Jata for thas group is din Table 4.4 and the three scatiope
grams are Figures 4.34°to $.36. Mean HR is scen Lo béainareased by about
4.4 beats per minule With a decrease in LVET due almost entirely te the
regression. There is‘an increase in PEP and PEP/LVET which is somewhat

more than that due to regression. The combined test of means and

covariance matrices gives a x° of 221.8 on 14 d4.f. (p «.001), while the

test on the covariance matrices gives a value of 147.5 on 10 d.f. (p«.DOi).
ﬁé 1s 0.821 with an F of 19.0 on 4 and 1551 d.£. (p<.00l). Outlier counts
are 33 (33.3%), 24 (24.20) and 26 (26.3%), due largely to o group of
subjects with elevated heart rates. pIt is anteresting Lo note that the
LVET graph shows the greatest number of outliers, even though the mean
on this graph lies practically on the normal regression line. The
computed generalized outlier count was 23 (23.2%).

Figures 4.37 to 4.39 show resting upright data for 57 subjects from
this group and the regression equations are again in Table 4.4. A slight
elevation in mean HR is accompanied by a small increase in PEP énd
PEP/LVET with a negligible increase in IgET. x2 1s 118.2 on 14 d.f.
{p <.001) for the combined test and 88.2 on 10 d.f. (p <.001) igr a test
on the ;ovariance matrices. D2 is 0.573 with an F of 7.58 on 4 and 842
d.f. (p <.601). OQutlier counts are 12 (21.1%Z), 10 (17.5%) and 9 (15.8%)
with almost half due to elevated heart rates. The generalized count is

3
12 (21.12).
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Data on 30 subjects after exercise can be seen in.Figures 4.40 to 4.42

.

and in Table 4.4. The means are shifted in much the same way as an the
upright records. The Lo ¥ 's are 57.3 on 14 d.f. (piﬂiﬂﬂl) and 37.6 on
10 d.f. (p<.001). D° is 0.703 with an F'ratio of 4.98 on 4 and 505 d.f.
(p <.001l). The outlier counts are § (16.73), 5 {16.7%) and & (13.33) and
are not atiributable to elovated heart ratos, which i1s consistant with the
findings in the two hypertensive groups. The generalized count is 5 ¥
(16.732)." : .

Combined resting supine - resting upright data for 51 subjects can be
seen in Figures 4.43 fo 4.45. The mean response of all four wvariables is
seen to be somewhat less than in normal subjects. The miltivariate xzrs
are 131.6 on 44 d.f, and 93.6 on 36 d.£. (both p <.001), and DE (8
variobles) is 0.819 with an F of 4.82 on 8 and 749 d.f. (p«<.001l). OQutlaier
counts are 5 (9.8%), 4 (7.8%) and 3 (9.8%) which are all within the normal
range. The generalized count is 8 (15.7%). As with the previous two

O
groups, this is still not an improvgment oven the use of restaing records

s LY

Similar results foxr the combination of resting supine and post-exercise

data for 27 subjects are shown in Fagures 4.46 to 4,48. Again we see a

5

slightly smaller response in our test group relative to normals. The two

x% tests (8 variables) yield 102.3 o; 44 d.f. and 82.2 on 36 d.£. Aboth
p <.001) and the computed D2 is 0.809 with an\ﬁﬁaf 2,56 on 8 and 536 d.f.
(p<.01). This F rétio is marginally significant, which'might be expected
given the sample size. The generalized outlier count is 4 (14.8%) and the
individual outlier counts are 5 (18.5%), 3 (11.1%) and 2 (7.4%Z) with only

the first (ALVET) being out of the normal range, if such a statement is

appropriate with a sample of 3 points., Because of this problem with



TABLE 4.4

Svstolic Time Intervals In Hypertensive llearl Disease:

Mean Values and Heart Rate Regressions

A

Mean Values Regression With Heart Rate

Variagble  Mean 5.D. Intercept Slope S.D. Correlation P

A - Resting Supines N = 99

HR 714 14,7

LVET 282.4  30.8 403.9 -1.70  18.1 ~,809 <,001
PED 117.5  15.0 123.3 - .82  14.9 -.080 n.s.
PEP/LVET  .422  .076 L2957 .00231 068 446 <.001

B - Resting Upright. N=57 . g

]

,  HR 77.8  16.6 .

LVET 261.8  30.0 384.9 ~1.58  14.3 -.879 <, 001
PEP 120.5  12.1 121.1 % =,01  12.1 -011 ' q.s.

PEP/LVET L467  .079 <236 00298  .061 .630 <. 001

3
~

G - Post:Exercise. N = 30
HR 100.0 16.1

LVET 236.7 29.8 386.6 -1.50 17.6 ~.808 <,001

PEP 85.4 13.6 92.4 - ,07 13.5 ~.083 n.s.

PEP/LVET .367  .080 137 00231 .071 462 <, 01
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Figure 4.34 - Resting supine scattergram of LVET vs HR for 99 subjects with

hypertensive heart disease.
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See Figure 4.1 legend for details.
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Figure 4.35 - Resting supine scattergram of PEP vs HR for-99 subje;ts with
hypertensive heart disease. See Figure 4.1 legend for details.
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with hypertensive heart disease.

See Figure 4,1 legend for details.
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See Figure 4.1 legend for details.
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Figure 4.36 - Re‘s;:mg supine scattergram of PEP/LVET vs HR for 99 subjects °



mu§mgu
. 1%
152

P
o

! 120

PEP

30 -

T A bttt A T iy

qussenaneg

*

e,

el e e e e i, 8
]

40 58

70 131 1ch

HEART RATE

115

i

L}

o 145

Bl

O

Figure 4.38 -~ Resting upright scattergram of PEP vs HR fox 57 subjects
; with hypertensive heart disease. See Figure 4.1 legend for détails,

S00

[

i

750

ASD

PEP/LVET

) REY

b

. el
ot

\ N
\ &

paeain b ov,
pane e,

=
we?

&
L)

A~ 55

70 25 e

HEART RATL

118

+

130

145

105

Figure 4.39 - Resting upright scattergram of PEP/LVET vs HR for 57 subjects

with hypertensive heart disease. See Figure 4.1 legend for details.

EE

i s



.

160

- 240 .- NS

‘w..‘ T, % %,
. o3 x,:\ + Y
. . *
N “‘\ < LY ‘.‘;

240 N M . * )

~n...~~. j
11+ I A e s " -1 + hd . 4

40 55 7B ¥ 100 1ns . 130 145

~

2

v

HEART RATE

a

Figure 4.40 - Post-exercise scattergram of LVET vs HR for .30 subjects

with hypertensive heart disease.

See Figure 4.1 legend for details.
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Figure 4.47 - Scattergram of change in PEP Vs change 1n HR from resting supine
* to post-exercise in 27 subjects wiith hypertensive heart disease,
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sample sloes, the two-gtate combinations wore nof studied in any further
1 *

Froups.

-

2.4 Gardiae Enlavgenont
i

b
There were 152 subjects wath potably increased cardiac enlargement (CE)
over the 5 year por%md and the regresseon daia for ‘each of the three states
studied 1s in Table 4.5. ALl of these subjects are from the Helsinki
Policemen 8tudy. The vesting scattergrawms are in Fipures 4.49 to 4.51.
In this data we sce a meon hearl rate dncrease of 2.4 beats per minute,

with the mean value of LVET, PEP and PEP/LVET lying proctically on the

normal regression lines. The multivariate tests give X* values of 203.2

on 14 d.i, and 180.2 on 10 d.f. (p <.001), while D* is only 0.169 with an

F of 5.79 on &4 and 1604 d.f. (p <.001). The outlier counts are 26 (17.1%),
29 (19.1%) and 20 (17.1%) which are above the expectation for normals,
largely beecause of a number of subjects with elevated heart rates. In
addation, there are a faivr number of outliers bhoth above and below the
regression lines, which 1s supported by the large Xa seen in the test for
equality of the covariance malrices (the scatter is obviously much greater
in this‘graup): Twenty-five subjects (16.4%) lie outside of 4~dimensional
genceralized normal limit.

The scattergram for 522 resting upright records ar; seen in Faigures
4.55 to 4.54., In this case, the mean values dunffer very little from
normal. ¥ for the combined test is 55.4 on 14 d.f. (p <.001) and for,
the covariance test is 45.7 on 10 d.£. (p <.001). D2 is only 0.081 with
an F ratio of 2.43 on 4 and 927 d.£., which is barely siénificant (p <.05).

The outlier counts, however, are 23 {(16.2%), 20 (14.1%) and 17 (12.0%),

agawn reflecting the increased scatter of points for this group. In con~

s
'

o

|

{



i

i1
Svstolle Time Intervals In Carndiae Enlarpement:
Mean Values and Heart Rate Regressions
Mean Values Regression With Heart Rate
Variable Mean  8.D. Intereept  Slope  8.D.  Correlation P
A = Resting Supinc. N = 152 ’
HR 69.4 12.3 .
LVET 288.5  25.8 406.2 -1.70  15.1 -.512 <, 001
PEP 112.1 15.7 108.0 06 13.7 047 n.s.
PEP/LVET .393  .074 « 204 00272 .0D66 452 <.001
i
3 - Resting Upright, N = 142
%
HR 75.4  14.0 ' .
LVET 263.5 25.9 380.1 -1.55 14.4 -.832 «.001
PEP 117.1  14.2 127.8 - .14  14.0 -. 139 n.S,
PEP/LVET 449,073 + 283 .00218  .067 415 ~.001
C - Post-Exercise. N = 5§
HR 99.1 20.1
LVET 232.9  28.0 349.0 -1.17 15.1 -.842 | <.001
PEP 78.1 14.1 90.2 - .12 13.9 -.175 N.S.
;PEP/LVET L340 L0706 .210 .00131  .071 348 <. 01

’
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See Figure 4.1 legend for details.
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attergram of PEP/LVET vs HR for 55 subjects
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with cardiac enlargement and hypertension. See Figure 4.1 legend for detgils.
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trast wath the resting data, there are an equal number of cutllgrs with
decreased and elevated heart rates and few of the points fall below the
regression lines. The generalized outlier count for this group is 21
(14.87). \

Figures 4.535 to 4.57 show the data for 535 subjects sfter exercise. In

comparison with the normals, the shift in the means i1s essentially the

. same as at rest; heart rate is increased with the other three variables

z

close to the normal regression lines. The multivariate tests give X°
values of 44.9 ow 14 d.f. and 39.2 on 10 d.£. (p <.001). D* is 0.122 with
an T of 1.40 on 4 and 620 d4.f., whach is not significant, The ocutlier
counts, which are 8 $14.6%), 12 (21.8%) and 11 (20.0%), again reflect a
high degree of scatter and include a group of subjects with elevated heart

¢

rates. The genergllzed outlier count is 9 (16.4%).

2,5 Cardiac Enlargement With Hypertension

{
Of the 132 subjects in the CE group, 22 were hyperéensive at the time
H
of the first study and the regression data for all t@ree states is in
Table 4.6. The scattergrams in Eﬁﬁpres 4.58 to 4.60 show that the means

are shifted in the same direction as (but considerably more than) the RHV

a

group. Mean heart rate is elevated by 7.8 beats per minute, and the

. )

other three variables are essentially on the normal regression lines.

The values of ¥* are 120.4 on 14 d.f. and 84.5 on 10 d.f. (p <.001).

Mahalanobais D2

is 1.676 with an F of 9.06 on 4 and 1474 d.f. (p <.001).
Outlier counts are 10 (45.5%), 7 (31.8%) and 9 (40.9%) and almost half of

&
these are due to elevated heart rates. The generalized count is 9
el ’
(40.9%) . *

o
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Systolic Time Intervals In Cordiuac Enlarcement With Hypertension:

Mean Values and Heart Rate Regressions

Mean Values

Regression With Heart Rate

Variable

Mean  8.D. Intercept  Slepe  §.D, Corielation
1. CE with Non-Sustained Hypertension
A - Resting Supine. N = 22
HR 7.8  15.4 h
LVET ., - 283.9 34.5 411.6 -1.71 22.4 =761
PEP . 1108 19.0 114.0 - 04 19.0 -. 034
PEP/LVET" .398  .094 217 .00243  .087 .396
B - Restaing Upright. N = 20
HR 85.7 16.0
LVET 252.8  26.8] 379.0 -1.47 12.7 - »880
PEP 115.9  16.6 142.9 - ,32 15.8 -. 304
PEP/LVET 462,076 .340 00143 ,072 .302
¢ - Post-Exercise. N = §
HR IOZaB lénl =
LVET 236.5 24.4 367.6 ~1.28 13.2 ~-. 840
PEP 83.5 10.2 76.8 06 10.2 ,102
PEP/LVET 357 .063 ,125 00226  .052 .576
2. CE with Sustalned‘Hypertension
A —vRestlﬁg Supine. N = 9
HR 80.1 12.0
LVET 272.4  21.0 351.6 - .99 17.4 —-.564
PEP 118.7 22.1 188.2 - .87 19.5 - 472
PEP/LVET .438  ,091 .566 -, 00159 ,088 ~.211
’ B - Resting Upright. N =9
HR 90.6 8.1
LVYET 247.3  18.4 368.8 -1.34 /14.8 -.593
PEP 117.8 16.5 169.7 - ,577 15.8 -.282
PEP/LVET . .479 .08l 456 .00025 ° .081 ,025

e G e R ey A

r

<.001
n‘s'
n.s.

<,001
n.S.
n.si

<. 01
n.5.
n's.

N.S5.
MN.S.
n.5.

n.s.
n's.
NsS.
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Tigure 4.60 ~ Resting supine scattergram of PEP/LVET vs HR for 22 subjects

with cardiac enlargement and hypertension.

See Figure 4.1 legend for details.
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The data for 20 subgocts 1a the rooting upright state wo chown i
Pepures 4.0l to 4.03. Agaln there is o large loncrease in wmean heart rate
{16.3 béhtm per minuted aad two of the other thyree vaviables aro close g@
the normal regrosclons, wilh LUET olevated about 8 moee. above the line.
x> for the combined test is 37.6 on 14 d.f. {p<.001) while it is only
12.9 on 10 d4.£. {for o test of the <ovarlance matéiees, whieh 1s not
signlﬁxcaht. Ascuming the covariance matrice Lo be the same (as the pormal
group), x- for a test of the dafPrence of the means is 24.7 on & d.f,

(p <.001). D° ig 1.288 with an T of 6.26 on 4 and 805 a.fy (p -000).
Qutlier counts are 8 (402), 7 (35%) and 7 {357), largely due to increased
heart rates, The generalized count is 7 (359).

There were only 8 exercise records available from this group and their
seattergrams are shown in Figures 4.64 to 4,uv6. Mean HR Is inereased by
3 beats per minute and mean LVET, PEP and PEP/LVET are all elevated above
the normal regressions. Nome of the ¥ values are significant and D2 is
0.861 with an ¥ of 1.69 on 4 and 573 d.£., which is not signifiecant.
There is only 1 outlier (12.53) on each graph, and only 1 lies outside

)

the generalized 4~dimensional normal limit.

2.6 Cardioc Enlargement With Sustained Hypertension N

Only 9 of the CE group had hypertension at the time of both studies
and the means and standard deviations are included with the regression
data for themprevious group in Table 4.6. Figures 4.67 to 4.69 show the
resting scallergrams. Mean HR is increased by 13 beats per miQuLe and
both PEP and PEP/LVET are elevated above the normal regressions. The
combined %% is 47.0 on 14 d.f. (p <.001) and %2 for the covariance test

is 27.8 on 10 d.£. (p <.01). The Mahalanobis D*™%is 2.16] with an F of

-

o s
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cardiac enlargement and sustained hypertension.

a0

o)

v



(-
1y

Tigure 4.69 - Resting supine

FUd i i s s e e e el R R et s ¢ b e S 4 e e e s

$72

i

o }
4
I3 *
. +
o - .\‘ *
e T T X \
& e j ot
I w¥ *
7
OO
s A
" e L L
\\,‘N R e ’ a
n 2 —_— . Uy s —
40 134 70 IS 1480 115 138 145

HEART RATL

with cardiac enlargement and sustained hypertension.
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Figure 4.70 - Resting upright scattergram of LVET vs HR for @ suﬁ}ects
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Figure 4.71 - Resting upright scattergram of PEP vs HR for 9 subjects
with cardiac enlargement and sustained hypertension.
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4.82 on 4 and 1461 4.1, {p «.001), The outlicr count 18 & (44.4%) on all
three grapho, and the generalized count ls also 4.

There ,wore also § upright records, chown in Figures 4.70 to 4.72. Mean

=

HR is inercased by 15 beals per minute ond IVET and PEP are well above the

" i \3
normal vapressions. PEP/LVET io clevated, hut not above the regression

Jume.

’

for the combened test is 37.2 on 14 d.g. (é <.001), but is only

2

12.9 on 10 d.£. (not sighificant) for the test of the covariances. A test
for the diiference of the means gives a X% of 24.2 on 4 duf. (p <.001).

D” is 2.768 with an ¥ of 6.13 on 4 and 794 d.F. (p <.001). The outliers
« Y

number 4§ (&&.é%): 3 (33.3% and 4 (44.4%), and the generalized count is

v B

& (44.43) .

. 6o Systolic Time'Intervals In Corowmary Heart Digease

»

1. Description of CGroups

t

Tour groups were studied with varying manifestutions of ischemic heart
disease. Two of these were extracted from the general data pool and the
other two were assembled as separate studies.

The first of these groups were selected on the basls of S~1 depression
in the Frank-lead exercise electrocardiogram. Thé "most ischemic Lead"
was determined by cqmput;;g the projcctions of $-T vectors on lead vectors
of bipolar leads contained within a 50° cone in the direction of the
anterior-inferior left octant. The vector algebra involved is described
elsewhere (41b). A parameter known as the "$-T depression integral" was
computed from this lead. The integral is essentially the total area below
the zerc volt aﬁis in a defined section of the 8-T segment, and subjects

)

were selected for this group if the value of this integral exceeded 15

uVs. Bubjects on cardioactave medication were excluded, leaving a group

o
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of 70 subjects. !

The seeond group consisted of those subjects from the pool with
eclintecally diagnosed angana pectoris. Again, subjects taking medications
(wath the exmception of pitrvoglycerine) at the time of the study were
excluded and the resulting proup had 245 subjects.

The third group consisted initially of 100 pataents irom Helsinki
with docunented old myocardial infarction. The patients were ambulant
and out of hospital at the time of the study and 50 of them had
participated in 2 controlled exercise program during thé year since their
infarctions, the other 350 havmng‘£een used as a control. The meai 31T -

did not daiffer beiween the two sub-groups and they were combined for the

-

purpose of this thesis. Good resting vecords were obtained from 79 of
these patients. , ‘ f

The fourth group, which was further subdivided into three sub-groups,
consisted initially of 20 patients admitted to the Coromary Care Unit of )
the Victoria Gemeral Hospital in the spring of 1971. Acute myocardial
infarction was eventuallyydiagnosed in 18 of tﬁese and 2 were dropped
from the study because they were taking digiLaI{s, leaving a f{inal group
of 16 subjects. STI were recorded from these patients in the semi-
recumbent position every wmorning for the first week of hospitalization,
once a week for the ﬁaxt 3 weeks and once a month for the next 2 months,
following their release from hospital. At the time of each observation,
the attending physician assigned a score based on the presence of '
clinical sipns of congestive heart failure. The patients were classified
ag "Grade 0" uf the;e was no sign of failure, "Grade IV if 3rd or 4th

heart sounds were observed od auscultation or "Grade II" 4if 3rd or 4th

sounds were observed, with basal rales and/or X-ray evidence of pulmonary
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congestivn., The SIT records obtained were assigned to one of three sub-
groups om thé basis of this score. It should be noted that as a con=
3CqUenco 0? this procedure, cach of the three sub-groups contains repeated
observations from the same subjects and that subjects generally appear in ~
at least two of these sub-groups as their clinical state“changes, An

-dbstract summarizing the imitial results from this elinical group was

published previocusly (21).

2., Results

2.1 $-T Interval Depression ("“Ischemic" ST Response)

Regression data for the S~T depression group for all three states is
an Table 4.7. The scattergrams of the 70 resting records are in Figu;es
4,73 to 4.75 and 1t 1s easily seen that the mean values do not diffef
significantly from normal. The usual x® values are 9.6 on 14 d.f. and
6.5 on 10 d.f. and x% for a test of the means 1s 3.0 on 4 d.f. ﬁ
Mahanalobis Dz is 0.046 w1t? an T valoe of 0.76 on 4 and 1522 d.f. {none
of these statistics are significant at p<0.1). The outlier counts aré
5 (7.12), 4 (5.73) and 5 (7.1%) whié¢h are within normal expectations.
The generalized count is 9 ﬁlé.QZ). ]

Thirty-nine resting upright records are shown in Figures 7.76 to
7.78. Again the observed means do not differ from normal. The (3) x2

values are 8.0 on 14 d.f., 7.3 on 10 d.i. and 0.7 on 4 d.f. D2

with an F of 0.18 on 4 and 824 d.f. OQutlier counts are 3 (7.7%), 2 )
(5.1%) and 3 (7.7%) and the generalized count 18 4 (10.3%). Again, none
of the statistics are significant.

{
The data for 31 post-exercise retords i1s shown in Figures 4.79 to

4.81. 1In this case a slight decrease in mean HR is acgompanied by a 10

¢

1s 0,089 |

.7
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JABLE 4.7
Systolic Time Intervals In Subjeets With 8T Depressioun:
Mean Values and Heart Rate Regressions
Mean Values Regression With Heart Rate
Variable Mean S.D. Intercept Slope S.D, Correlation 4
A - Resting Supine, N = 70 7
HR 66.5 10.5
LVET 292,9  23.4 413.8 -1,82 13.4 -.818 <,001
PEP ~ 111.2  15.1 122.2 - .17 15.0 -.115 n.s.
PEP/LVET .383  63.5 .257 00189  .Q60 . 314 <, 01
B - Resting Upraght. N = 39
: HR - 74.3  10.4
© LVET 262.3  21.7 380.0 -1.59 1431 ~.759 <.001
PEP 115.6 14.0 i17.6 - .03 14.0 -.020 n.S.
PEP/LVET b5 072 244 .00270  .067 . 389 <, 05
»
C - Post-Exercise. N = 1
HR 92.5 21.3
: LVET 251.3 28.2 356.0 ~1.,13 16.3 -.829 <,001
PEP 76.5 13.4 100.4 - .27 12.2 ,—.411 <. 05

PEP/LVET -.307 .0538 .271 .00039  .058 .143 n.s.
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26, inercase Lo meaa LVET, with a relatively enall chospe in PLP and
4 .2 M rad ¥ b I'd
PEZ/INEY. The cooblunoed ¥ test gaves o value of 23.1 oa 14 d.i,., which iz
@

-

" €
almost significant at p = .03. The ¥~ for the test of the covariance
matrin 1o 15,0 on 10 4.1, (mot segnaficant) and a test of the seans gaves

Dy
b

«

a e of 7.7 oo & d.f. {(not 5igni££vam&)° DZ io 0.250 with an ¥ of 1,52 on
4 and %96 d.f., which io also noi oisniflceant. The ovtlicor ecounts are 8
(29.0%), & (12,9 and & (12.05). OF these, only the enunt on the LVET
graph io nuch above the owpectant nunber Lor a normal p@pulﬁtjan. Tha
generaliced count Is 7 (22.633.

<

2.2 Mngina Pectoris

3

IS
;

Table 4.8 contaoins the regression data for the angana proup in all

-y

turee states and the resting supine data (N = 245) 1o shown in Figores

4,32 to 4.84, lean heart rate ls decreased by about 1.3 beat; per
ninute, accompanited by increases of about 7 msec. in LVET and PEP. £
PERLVET 1; also raised slightly, The combined x2 i1s 184.8 on 14 d.£.
{p <.001) and the scorc for the covarian¢e matrixz test is 103.7 on 10

Z s 0.396 with an ¥ ratio of 20.7 on 4 and 1697 d.f.

d.f. (p <.001). D
(p <.001). The outlier counts are 42 (17.1%), 33 (13.5%) and 37 (15.132),
all above the expectant number for normals and attyaibutable to the
increased scatter of the data points. Th% generalized count 1s 46 (18.8%)
which is higher than any of the 2-~dimensional counts.

There are only 30 resting upright records for this gfgza, The data .
is shown in Figures 4.85 to 4.87. A-slight decrease in mean heart rate
is accompanied by a small increase in PEP and PEP/LVET. The combined

maltivariate test gives a ¥ of 26.5 on 14 d.f. (p<.05) ‘and the

covariance test gives 16.3 on 10 d.f. (not significani). The test on the
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Heap Values and Hoort Tage Logzegs iong

v

teen Values

~

Yargoble  Mean $.D.  Intercept  8lupe
A = Reatiag Supine, [ = 245
HR B5.5  11.0
LVEY 299.1 25,7 14,1 «1,70
PER 119,71 16.4 143.9 - .30
PLP/LVET LA01 063 L322 00121
t
3 = Restaing Upright, N = 30
IR 77.1 14,5
LVET 261.8  23.3 362.9 -1.31
PEP 121.0  15.0 131.6 - .14
PEP/LVET 466 L0775 .323 .001806
- Post~Exercise, N = 56
. L4
HR 90.0 15,2 A
LVET 250.2  31.6 406.9 -1.74
PEP 83.5 14.7 105.9 - .25
. PEP/LVET .339 .73 .215 .00137

Balls

13.6
16.9
070

17.3
14.2
070

Gorrelation
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w, 7584
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<001
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neans gives x° = 10.2 on 4 dof. (p <.05). D io 0.35% with ¥ = 2,59 on &

and 815 d.{, {p «.05). The outller coumts arve 4 (13.3%), 3 {16.71) and
& (13.3%), and the generalized ecount Is 4 (13.3£ .

A murber of the subjects with ongina did not participate im the n
exercise teost. The data for 56 subjects with evercise recowds is shown
in Fipupres 4.08 to 4.90. 1lean heart rote is docreased by about 5 beats
per ndnute, but ithe three STI measurements lie pretty close to thewr
noipal repression Lines. The combined 2 1s 25.0 on 14 d.f. (p<.05) but
the Lest of the covariances glves a value of 11.0 on 10 d.f. (not
staonnficant). A test of the peans gives a ¥? of 14.0 on & d.f. (p <.01).
Dz is 0.277 with an F of 3.52 on 4 and.ﬁﬁksd.f. {p <.01). The outliers

)

nuaber 8 (14.35), 8 (14.3%) and 7 (12.5%), slightly wore than the

expectant for normals. The gemeralized outlier count is 9 (16.1%).

2.3 livocardial Infarction

-

Trigures 4.91 to 4.93 show Lhe scatterprams for the resting records
obtained from the 79 subjects with on;wyear ald.ﬁyocardial wnfarction.
The corresponding regression data is %3 Table 4.9, A slight increase in
mean HR is accompanied by a 9.2 msec. shortening of LVET and a 6.7 msec.
increase in PEP with a corresponding increase of 0.040 in PEP/LVET. The
comblned'multivariate test gives a x2 of 246.9 on 14 d.f. {p <.001) and
the test of the covariance watrix alone gives a x2 of 181.2 on 10 d.f.
(p <.001). D® 15 0.896 with an F value of 16.7 on 4 and 1531 d.f.

(p <.001). Outlier counts are 15 (19.0%), 11 (13.9%) and 18 (22.8%).
Four of these outlicrs (on each graph) are due to elevated hearti rates,
while the rest of them are well away from the normal regression lines.

£
The generalized outlier count is 17 (21.5%). There were no upright or
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LReoting Supdne Jvotelic Tunc Intervals In Myoeardial infaretion

el

leon Volues and fleani- Rate Repressions

tlean Walues Regrension With Heart dake ]
Varzable lean  8.B. Imtercept  Slope  S8.D% forielatioa 2
1. 01d Infarctions. N = 79
HR 68.1 12.2 i
LVYET 282,9  25.6 394,2 , =1.64 16.0 -, 782 <.001
PEP 119.3  14.4 113.4 09 14,4 . 07 n.8.
PEP/LVET  .427 .078 229 L00201 .09 AT <.001
2. AM.I. Without Failure, N = (4
HR 69.3  10.4
LVET 269.8 23,0 378.2 ~1.57  16.3 -, 705 <.001
PEP 117.2 21.2 132,1 =~ - .21 21.1 -.105 n.s.
PEP/LVET 438 .092 .320 L00171  .090 .193 N.S.
3. AM.I. With Grade I Failure. N = 25 ° ’
HR 78.1 11.6
LVET 248,0 22.9 343.0,y v ~1.22  18.0 -.616 <,001
PEP 116.0  24.5 178.8 - .80 22.7 -,381 n.s.
PEP/LVET 471 .102 .335 -,00082  .102 - .09 n.5.
4., AM.I, With Grad® IT Failure. N = 16 )
HR 91.1. 9.7
LVET 227.0  20.5 346.2 -1.31 16.2 - 617 <, 01
PEP 117.4  19.1 210.9 1.03 16.3 = -.520 <. 05
PEP/LVET .518  ,070 .632 -.00125 .069 -.172 n.5.
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Figure 4.91 - Resting supine scattergram of LVET vs HR for 79 subjdets

with old myocardial infarction. See Figure 4.1 legend for details
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Figure 4.93 - Resting sﬁpine seéattergram of PEP/LVEY vs HR for 79 oub-

jects with old myocardial infarciion.

See Yigure 4.1 legend for detalls.
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Y
orercioe rovords avaslable srom this gronp.
2.4 Acute Myocardial tafavetion » .

For obvious reosons, only rostinp records werpe available Fron the
acnte lafarction group. There are thiece sets of data fron thio puoup,

eorrespowling Lo -the beart fLaxlure seores assigned at the time of rach

..
recovd.  The same subjects usually appear in more thon oue ol these oots

and cach el contaans repeated measureacnts taken from subyioris en

»

dificreont days. The regresseon data for the thiee sub=groups o in

Table 4.9.

[}

lhe sgattergranms foé sub-group 0 (no fairlure) are in Faigures 4.94 Lo
4,96. There were 64 records an this eategory, including each subject in
the groﬁp at least once. Althodgh mean HR 15 only ancreased by 2.2 beats
per minuLe; LVET 1s shortened by 22.% msee. TEP 1s increased by 4.7'm&ec.,
aslightly less than wn the old infaretion group, and PEP/LVET is increased
by 0.051. The combined test gives a x2 of 362.0 on 14 d.f. {p <.001) and
the cowvariance matrix test alone gives a ¥* of 210.1 on 10 d.f. (p <.001).

a

q 1]
D” is 2,605 with an F value of 39.9 on 4 and 1516 d.f. (p <.001). The

outlier counts are 21 (32.8%), 18 (28.17%) and 20 {31.3%). éhe generalized
outllier count is 26 (40.6%) and secms to be more sensitive in this case
than any of the individual Z-dimensional counts.

Figures 4.97 to 4.99 show the 25 samples in sub-group I (mild fallure),
Moot of the 16 subjects are also represented at least once in this sub-
group, Mean HR 1s elevated by ll.1 beats per minute and LVE% is decreased
by 44.1 mseé. PEP is increased by only 3.5 msec. while PEP/LVET is up by
0.084. The combined x2 is 418.4 on 14 d.f. (p <.001) and ¥2 for the

covariance test is 212.1 on 10 d.f. (p <.001). D° 1s 9.01 with a

o
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corLesrending ¥ ratas of 95.2 on 4 ocald 1477 &9 (v < .u0l). we eutllior

counts are 18 ¢72%), 11 {3470) ond 11 {443y, About 5-0f these fa rach edse
refleot oiuv%ﬁed heart rates. Tho peneralized count is 18 {(#2%).

Finally, thove woro 16 roconds with fallure Grade IT represeating 7 of
the subjoets. The scattergrans aze Figures 4.100 o 4.102. The fieans are
seen to be shofied an the sawe general direction ao sn the ailder canes,
but L0 4 nueh gieater extent. Mean HR .o now clevated by 24.1 beatn por
minute, wath LVET decweased by 63.1 noee. PEP Io agalin lightly clevated
(by 4.8 noee.) and PEP/LVET is uwp by 0.130, The two +° values are 5V0.1
on 14 dof. (p <.001) and 190.3 on 10 d.L. {(p <.00L), Dz is 28.0 wlth an ¥
of 110.7 on 4 and 1468 d.f. {p « . Y. The outlier couats are 14 (B87.57),
17 (81.39) and 15 (93.83). A larpe rroportion of thece would be seleeted
on thg basis of HR elevation aleone, although about half are beyend unormal
regression limits on at leasi one graph. The generallized count 1o 15
{93.8%) . -

.

0. Summary

Mos% of the results are sunmarised uin Tobles 4,10 to 4,15 (the two~
state cowbined data a5 not cluded in these tables). Tables 4.10 10 4.13
show Lhe means vectors for all of the proups, egpressed Lirst i1n relation
te ihe means vectors for Lhe correspoanding normals, and sé%ond as a
vertical distance from the corresponding normal regression line. This
f
second scl of fagures is more uscful for discussion purposes, since they
represenl the residual changes in the mean values after the effeel of HR
haé been removed. Changes in this set of figures can be compared wilh
~

changes in the 8TI indices.proposed by Welssler and others, except that

in the present case PEP/LVET has also been heart rate corrected, while

] .
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Yolonler woported no gepnafzicant »epresseon of (his piraceter with heart

[
~

ap0 gad, therefose, pezformed ne eorrectlons Jor it. Tubles 4.1l aad 4.14

)

n fed - 4 ” A "
surnarice whe ¢ woluos for ihe three hypothesis juot

soeunnhiod, Leot ang
Lae weans veetors ond covarlance mitriees for eguality with tnose for thoe

©
corregponding normalo.  In addition, the generalased ductaonee DY Lo chown,

Py

alony with the signafacaonce level achicved Lovr the F teot jusi desevosed.

]

=i

L nust. be remerbered that, strietly opeakang, the valued Lorw D” and ¥,
AT
. 2 . ¥ 2
and Lor that matter the 3 for hypotheslc 1., ave caly'valsd 1. the

eovariance matrices are oqual. ¥rom o practleal pount of view, in the
AN
caseas where thege matrices ore ot equal, the figures quoted are compuied

Zyon a pooled covarionce matran wiuch by viritue of the relatlve sample
sizes as very eloge Lo the covordance for the nowmal control group and

they, therciore, represent reasoaably volid eotimates of the displacerent
2

of the reans In stondard deviation unils represenvatave of the normal

dastributions. Tablos 4,12 and 4.15 sunparice the outlior counts.

°
’
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Discusscion

&

A
The computer analysis procedure developed preved to be reusonably

-

cffective when used to measurc STIL from restang records, but itg performance

was diminished considerably vhen presented with exercise recoxds.

.

The |

measurement success rate was 90.5% with resting supine recoxds and 85.9
4 <]

D3 4

'should be noted that the approach taken in the visual verification wag

:

with restany upraght ones, but was only 39.5Z with the excrerse runs, jt .
{t]

reject records for which the computer measuremento were in‘any doubt. T

majority of the measurement failures arese 1 records im which the

hy

amplitude of the second hedft sound was low cerpaved Lo the noise ip the &

v <
.g1gnal, particularly
& e

- - .

<

in post-enercise records.\ Zye reecording schedule fo
4

these field examivations was very ®igdd, wilh 40 cubjects or more

scheduled for each werking day-and «i was

v

A 1%
mposseble Lo reschedule subject

B

3 <
with winadequate recordinpgs. Good measurcments would have been obtained

from some of these by a good visual reader, but In many of the records the |

“Yecond heart
3 .

. C. .
sophxstlcaLediyave dellction

success rate in the olercise D

"

£l

BN
-

iLgee onuld p?ﬁ%ably inprove the measuremend

probubly only be achieved by GLt)iju

° L g

.

T @ N
(1 LIe ™

" exercise parl of the test.
o @

Spédlck and Lance (49).
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gound was barely discernivle abuve the poise., While more
1 - S

.

ijorran, a ftranatic improvenment wall

a methodology which

g wml of
A
du alingether, at least for the -

-

0

o3 eMproach ge heen propesed recently by

¥ o I3

[
o
o

. &

chpare tae prerision of the measurement program

o, t A4 > - - -
with the precision atfieved by other Lechiques, because very few investi-

? a

F4
gators have ana%?spd the preeis

4

lon of

their own methods. Good agreement

has been reported between SII derived externally and internally from

-~

ay
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A

»

gatheter traciugs and Lhis is supported by o similar eomparlsen reporied

heve, Spodick et al (48) r1eported a standard ervor of 4.77 msee. an the
measurenent of LVLET un a multiple observer bludy using paper Lracings.

. ¥

This compares well with a residunal error 0§ 5.1 muee. 4n LVET moasuronont
by the precent compnter program, relatide ko wvasual readings from tracings
ofl the sawe cignals. The only other basus for comparison lies in

eamparinéhthe standard deviations about heart rate regression 4dines
N . .

reported for normal groups by varwous imvestigators. In particular, the
standard deviations for LVET, PFP, -and 08, reporied by Weisalef et al {(63)

are on the average about 3 mscc. lower than those reported in this

investigation. ILel us consider, for Imstance, LVET regressions. Even if

Iy

it is assumed that Welssler's measurements are periect and- that the 10

- “ - ®
meec, standard deviation he reports is the real physiological seatier, the

& ¢

addition of a 5 msece, randon error would only increase the total standard

3

deviation to just over 11 msee. Sinece the standard deviation for LVET In

9 y 3

the present study is 13,2 msce. (Table 8.1}, and the measurement error in

Weissler's data is probably also of the order of 5 msee,, the conclusion

1s that! the additional scatter is probably due to diurnal and respiratory

. }
variability, which Weissler todk pains Lo eliminate in his study, or . .

other physiological variabilaty. The measurement’preclskon of the present

L} v

computer program i€ probably comparable, therefors, to that of the manual.

¢ ! .
R4

A\
techniques currently used by others ain the faeld. %ii .s azmportant to note,
. a  » u e s -
however, that the ratio PLP/LVET is very sensitive to evrn small

Y

a
»

measurement erirors, partacularly in LVET, to the extent that tinst of the

+
L w

scatter seen in this parameter in normal sdﬁjects can be aliributed Lo

such errors. . ,
! ¥ b N * ,



Ind

Tue Leart rale regressioes compnted for the nowmal subjeets at rvest are .-
¥

very similar 1o thore obtained by Welsoler et al (61) wath soveral minor

difterences,  In the farst place, the resrdual standard deviations aboutd
the vepression lines are about 3 msee. groater than roported by Werssler.

As already mentioned, this ig probably related to a combination of

respuratory and diurnal eifects which Wewssler was sucduessf{ul in avoiding.

a

To a large scale otudy of this type it 15 not practical to revord oanly O

- J
early i the morning, so il as difficult Lo avold the diurnal effect. [t
e
would Be poscible to eliminate most of the respiratory eifiect by using a

7

differeht approach ain the measurement process. In any case, Lhe

elimination of residual variation is uniikely to have any ceffect on the
/
regresiion Lihes- themsdlves.

’
- o

are very nearly

- The present resting regression lines for LVET and QSZ

paralleleo those of Weissler et al, but lic below them by approzimately
) .

10 msec., The PEP regression line, on the other hand, has a similar

intercept as Weissler's but is léss steep so that the predicted PEP value
3

L

for a heart rate around 70 is about 7 msec, lgreater than predicted by

&
“

Weissler's equation. The systlematic shifts in LVET and QS2 probably .

°

r

reflect difierentes in measurement technique. This 15 not censidered to
¢ 5 A L <
be a serious problem, since it is the stability of a given measurement that

Ls important when comparing résults between subjects using the same

measurement procedure. The slope of Weissler's regressipn for PEP is

B
»

apparently such that the ratio ?EP/QVETvshows no sighificant correlation,
s 4 5 v ®
with heart rate, while in the present series (with a samplé size over 10

times as large) a significant but relatively weak correlation was found.

The “magnitude of the heart rate .correttion suggésted by this regression is
IS a "y
such that the residual standard error in PEP/LVET is dedreased from' 0,056

N
. N ' -



1n3
{

to 0,054 aite~ corrvction, walel is oaly o gligat dmocoveeat. The sove o5

true, for that-mattoer, with PEP, foy whieh the resl il standard error is

Al

deereasod from 14.4 to 14.0 maoe. g v
, s
When the technique of muitlivariate analysisn io utilised, the whole

discussion dbout regression lines hecomes a moot polink, siuee it is the
neans veetors and covariance ratriecs that Lecome important.. This Is true
in the application of diseriminaont analyslis whether the appreach token s
lindar, or based on aulti-dinenslonal peneraliced distances, which is the
cace with both the Dayeslan and the "osutller"™ approach. It is for this

reasen that the eomplete covarinnee malrices for the normal group are

- i

2

included in Chapter IIT.

Tt 15 diffiecult Lo compare the regression equations for the upright and

a

post-czrercise.states with the work of others since very few authors have

N a

computed separaste cquations for these states, In this sense, the present
equations should f111 a bgdly nceded void, since many authors have tried to

use resting regressxoz coefficients to correct exercise data, It is
e, )

bl
» N [

pointed sul in Chapter III that the assumption of the uéfight posture has
the primary.effeét of shifting the regression lines and only a nenor effect
on Lhe slopes. Tﬁe obvioushflattéﬁmgg_éf/fhe regression relationships ai
ﬂ‘ ier heart rates encount:eriad after exex?c:{se has been noted by others
%& erlines the importance of using corrections basezi on normal

standards established in the bame physiological state. .

a
2 [

Weassler and Garrard state in their review asriicle (62) that both PEP
and LVET tend Lo remain within norma. T.mits in pat.lents withbchronLc
0
hyperténsive discasc excepl «hiic~ foi”ure develops., Shah and Slodki (45)
£ . /

nd Q8, elevated an average «i Jl.4 msee. in patienis with severe

A Y L]
systemie hypertension. In b prosent serses (PabPes 4,10 to 6.13), rate
} ] A ! R L
R I3 ’
, / n o
it



a

covreeted PUP was fouad 1o be elevated arcund 5 wunin. da the group with
hypertonsson, about b roec. ln snstained hypertenclon, and 5 to 9 msee. i

the group with hyportensive heart discase boih at rest and after vuercice.

o t . -
Thére are oraller tless than 5 ngeel) lacrecnes un corveeted LVET at rteot,

“

@

and inereascs of obout 7 ond 9 mbece. in hypertension and suctasned
‘ ] .
hypertonclon after exerclicoe, LVET i5 dueecrcased glipghtly an the IN.D.

group sn the resting cupine statc. There ls a gradual sncreasiug trend wa
¥ Ay

PEP and PZP/IVET in these threo groups, but the tread In LVET is
o '
inconsistent. Although these mean changes all lle witiin norsnl luinits,

4 ¥

they are all statistically.cagnificant becanse of the sample sloe involved.
2 .
The values ior Mah%laﬂum&ﬂ P~ for the separation of Lk sample meons from -
\
the comtrol group .Lncrease consistently through the three groupo for both

; 2 . :
tkhsf<:xaéﬁ,y/the resting cupine and exercise vecords, but D7 for the HID group upright

»

4
-

records Lo less than that obsoerved in sustained hypectension. DSven the

»

largest distance observed in this sub-series (D2 = 0,821) is not large

enough to nake the application of a linear diseriminant procedure very
A
useful. . ©

-

An examination of the %x° scoibs in Table 4.1l shows that in most cases

not only the meang veclors, but Lhzﬂcovarianae matrices of the distribu~ .

o .

- tions daiffer considerably irom theistributions in normpals and a look at

. -~
“

the appropriate scatiergrams confirms that the extent of the scaltier is

¢

» greater in the hypertensive éroups§ ‘In such & situation it is 90551b1e to
" do a'lumited discrimination even in the case of nearly adeatical means s
vectoms, by classifying a point as abnormal af 1t {alls outsidc a
specified limit established around Lhé normal distribution. In the present
1 case the limii enclm‘z;af normals has bec;n (Ezosen, which leads to a*
« 10% "false positive" Indiecation when ndérmal §ub3ects are, tested. The p

M 12

N r'd



. Ihe "etneralined owvilier count” is preferred by the author, cance it
2

'

g

Uoutlior counts” for the gsoleeted abnoraal preoups then gave d neanure ol
thie "Lree posuive™ elagolilecatson rate. This obvionsly tuoe be sumetning
g?mxuer than 107 to be of any uwse ot all. One foram of applieation of this

techirque 4o the use of the ellipoes plotted on cach Jedinencional

*

ceatlorgiaon.  The Gise. of these ellipses were detorninod frem the
U ¢

statlotiesd paranetors of thdl didiributions of the normal subjeets and the
i

a
' 3

aetpal faloe poositlve rates are seem in Table 4.16 to be slightly

k3

difforent frem 100. In Lhe casc of the "gemeralpzed” multi-dimensional
(’_ ) ~

* 3 B L

. - ' . ; 2
,outller eounts, the limit wao seb erplrzeally as that value of D { to the

5 P a 4 . . o, 4
norenl population eentor) which yielded ongctly a 107 false pociiive rate,

.

£ 5 L2

& » ° £l -
ronsiders all variables weasured, and it ie seen from Table 4.13 tnat thas
procedure correctly sdentafles approxivately 23% of the subjects a the

suctalned hypertension and H.il.D. groups using resting records alone. Ii

A28

L]
was noted dn Chapter IV that the yee of®all 8 variables {rom the two-state

combined sets does wobt inprove on this figure. dIn all three of the Hroups
p
being disewssed at thls point, the exereise test 15 less sensitive than

¢ither of the two restang states for this purpose. °
P, ot

)

o

In the group wilth cardiac enlargement, the means vectors are o
A

surprisingly close to the formal reference means.. Even more surprising is

®
[

the obvions poor correlation between the presence of Qyporteﬁéion and the

o s

o

development of cardiac enlargement over a five-year period. Of 152
B we @

subjects with a significant increase in heart size (resting supige
* L4
3 |
figurks), only 22 werc hypertensive at ithe beginning of the five year .

~

proiect. This was unexpected and several explanations can be offered..
- - 3

]

There may®have beene.many cases of hypertrophy developing from mild cases -

’

ol hypertension (for instance, dgastﬁ}xcﬁpressure just uvnder 95 mm Hg.).

a

Y A

Y

w

«
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There may have been a nunber of blood pressure readangs im erroy by 5 wm Hg

Y

or so and there may have been subsiantial errors in the measurement of the

3
heart volumes, although the required lncrease of 60 mlfw™ represents a

relatuwve change of abont 159 and most of the emlargements observed were
considerably more than this. Sinee all of the sybjects in this group edme

frem the group. of policemen, some cxplonation may lie in above average

.

levels of physical exertion in this group. Finally, there may be a

higher than oxpected lovel of enlarpgement due to olher non-hyporaonsive
3 1]

heart disease, such as prisfiry myocardial and eorvonary heart degeasc,

q

Alntablian et al (3) and others have noted cardiomegaly in coronary heart.

!

3

disease patients not related to hypertension.

While  the mean STI din t%e cardiac enlargement group are virtually the

same as the nommal gontrols, the covarianeaxmgirieés are different, and
it can be seen from the outlier- counts that this agaism is because the
' [

]
scatter 1s greater. - s

in«thelgroup wiith cardiac enlargement in can;unqtian with hypertension,

%orrected LVET is ‘elevated 5 to 8 msec. in the two resiing states, but .

ko1

¢ o 3
this is not accompaniéd by increases . in PEP of the size seen-in the

) °

Previous hy@ertensivé groups. The change in PEP/LVET is insignificant.

¢ a0

The 7.4 msec. increase in PEP indicated for the exercise state is riot.

///;;;zificant because of the small sample size, Since the inecrgase i’ PEP
. - ;

]
€ 3

I3 fa ® ©
in hypertensive subjects is believed to be due to a delay in aortic
valve opening introduced by -an elevation in diastolic pressure in con~ °

" . ’
junction with a normal rate of rise of left ventricular pressure, the

absence of an increase innPEg in thQE;gase proﬁably reflects the effect of

o

[y

;< "
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-

1o/

gunpensatory hypertrophy.  The {inal group in this series, with sustalined
hypertension and cardice enlargement, shows a 10 msce. increase in PP in
the resting supine state and a 10 msec, imevease im IVET in the resting
upright state, but the small sample sizes maké it unwise to attach overdue
signifleance Lo these figures. The valbes of DZ are hagher in the two
groups with hypertension in combination with enlavgepent than in the
other hypertensive groﬁp%, and the outlicr counts correctly idemtify up-
wards of 407 of the subjects, “wg

In woechemic heart discase several authors have found inereases in PEP
accompanicd by decreases in LVET In resting subjects with varying degrees
of £unctimn§l‘jmpaltmentJand have. shown correlations between the extent
of the changes in the STI and the §overiLy‘@f discase, as evidenced by the

¢ v
3 ‘ ~ . g
number of eoronary arteries involved, tha severity of symptoms and

2

various other indexes of left ventricular function such as siroke volume.

]
o

Tn some cases decreases in (S, hove been observed and attributed to
. i)
increased adrenergic activity. At least two anthors (41, 28) have noted
~ a '
san lncrease in LVET after exercise in patients with documented significant * -«
o =

‘coronary artery disease gnd &t least ome (35) has not. “
=]

a

In Lhe present sefies the two groups with ST depressioh in the :

exercise ECG and with angina pectoris represent possibly mildef forms of

2
'

iSGhemic disease nof documented by angiograplric observations. The group

L

.3

with ST depression had STI statistically indistinguishable from normal, .
i&thbugh the outlier counts were somewhat elevated after exercise. The

means vector after exerclse in this group shows a 7.2 msec. prolﬁnguti@u

.

of corrected LVET although is it not significant statisiically. The

.
= -t v

Yarger group with angina peectords shows a slight inereasg in LVET o
- . A % bl L E] v

@

accompanied by a slightly larger inerease in PEP (bu£ still only 6 ms?fg). -
® * v

e . . ' )
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@ . N

Ia the reoting upright state these incrveaaes are not significant. Howevex,
in the resting supine and cxereise states the observed Inerease in LNLL,
and by inference Qsz, is ln contradiction with the zesults of othews (37,35,

v 283, althowuph the differences lavolved are small (QSE however is prolooged
by obout 11 msee. at rest). DQ for thas group is small, and the best

outlicr count lo 18.8% for the "gean?iized" count at rest.

.

In the grovp with old infﬁ;CLiuus LYET is Jdeereased and PED is
inereased by abéﬁt 7 mgee,, with a rasultiﬁg increase of about 0.04 in
’ PEP/LVET. Thils is In general agrecwent with the results of others, such >
as Margolis (33) and Stack et al (50}, .-although there is a scarcity of uw%
v L 8tudies devoted to STI inlbld infarcgions. The resull here,is”

statistically highly significant, although Dz is only about. 0.9. The :

>

generaliced ourlied count correctly isolates about 22% of these patients.

) )

he three functional subgroups of patients with acute myecardial\

infarction show a marked shortening of LVET ranging from 19 to 26 dseé.; ~
v o b ¢
accompanied by Progressive’inereases in heart'rate, PEP and PEP/LVET with . .

&
increasing involvement of failure. This pattern has already been bbserved
o ® ¥ &

\ °

: o

" by oLhé}s (42}, In the present group Qsz*éan be seen by inférence to be

Vlc o 2

. congiderably ghertenéd as wetl. The work,of Lewis et al (28, 27 .
) e ) < N s : a ° P

s suggests that tgés‘is probably due to high levels efladfénargic activity
: »

- R

,, - 9 ® L o
.\\Qin these patients. The sample D™ iperedses from 2.6 to 28 through the »

! - - % N i N
three functional classes. The generalized out&}er count. isolates
£y 13 - 3 o

! @ -«

- - ' *
respectively 41%, 72% and 94%Z of the cbs%fvati%hs ig the three classes.

a 4

Lo 2 . .. . % 5 N . s .
P The magnitude of the D indicates > that an efféetive linear discrimination ¥
! s b ¥ ’
v " a EEEN v ' * - +
could be performed, not only to separat%“the'patjents from normals, but ‘//%“

& u i a

o

also to reach a, reascnable separation of. those with failure from those

i vy 2
, ¢ o £ - -

k]

; ) o
without." The potential for such a discrimination can be seen 'in Figure 5.1°

e, " ”
‘ o . . \
1 s 3

[ 2
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which shows cumlative Jdisteiba? b0y 1 esiralieg fue projressive upward
pl

sheft in PERPJLVET In fave onbject g0 .05 Vwlndin
(///~M;ﬁhient$ﬁ and the three functional ciasses of the AM.I. group.
Statistically signifleant trends ™ LTI are apparent with increasing
severaty of both hypertenslve ond cororar heart Jlseasce, However, the

trende observed in the presoo. ovhlert orovps are woo onall ko justif
X 2 4

, aay claims of the wsefulpess of BI1 rrosuie

IR

anta Im epidemiological and

f},
large scale screening studdes. In the LD group, tor instance, the D

N -

hY
. for the separation frcm the coatrol group o only 0,821, while Cornileld

L)
et al achieved a D' of over 4 Jn thelr group with left ventricular
hypertrophy with resting LG measurc wcnitg alcoe (10). In the present ‘

. . L. . . . . 2
groups with cardiac enlargerent In conjunction with hypertension, the D

values as high as 2.768 are stil] cmaller than caa be obtained with the

X

169

w woirals, old infaretion

a

& ° M 2 a
BCG and the two highest D* wa'ues veporied here are based on a very small

4

--  sample.— The suggested use of multi-limensional Veutlier counts™ takes
13 0 \ °
some advantage of the inerease] scatter in the abaor—al groups and °

inereases Lthe sensitivity of the aticmpted disgriminations somewhat, but

the improvement achleved is by nu means large. It is also important to
+ ) %

H +

note that the 8TI resulilswere, in general, not amproved in’the POS E=r

exercise state, althodgh o limited improvement was achieved by

4

N

-considering restang and exerecise fata simuitancously. While it seems clear
14 B

v i

.o

that STI measurements in eonjun<licn with a resting ECG would add

marginaily to,.the discriminatory power avallable, it is doubtful that
. the additional cost would be justiflied. .

~ Considering coronary heart disease, the 8TI results in the two groups

il

o

w1;h ST depression and with angina also appear to be disappointing.

- » *

/ o .

'
t
&
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Figure 5.1 Cumulative distributions of PEP/LVET at rest showing the
progressive increase in this parameter im groups with old myccordial

infarction, acute myocardial infarction without failure, and AM.I. with

Grade T and Grade II failure, compared with a group of normal subjects.
a 1

N ¢ /
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The correlation of 5IT with 8T deproession In the exercise EGE is practically

o -
non~cxisient. The D observed im the angina group is less than that

ohserved #n non-sustained hypertension, and Lie prolongation in LVET after
A
exercise In patiemts with angina or coronary artery disecase (41, 28) could
not. be comflrmed in the present studv. Other austhors have also falled to
T -

observe this response (33). The usefulness of STI would seen L%rbe

3

ldimited wainly to patients with more advanced involvement of the coronary

¢

arteries.
o In old myocardial dinfarctions, there are statistically significant

shifts of the order of a half of a standard deviation in ecach of the STI

measured giving a total D2 of 0.896. Thé limited diagnostic value of a

2
D" of this'magnitude becomes obyious if it is compared te iLhe results

a

Q
obtained by Cornfield et al from resting ECG's with D” values of the order

s 4 ® . .y
,of 12 and greater, not only for differentiation.of the MI groups from their

©

normal tontrol group but also in the identification of the location o

infarcts. It seems pretty clear.that the use of STI in screening

studies cannot improve the rate*of detection of infarcts over the rate
achievable from ECG examination, although it h§§ been shown by others that
- 3 LI

: STI can g{ve a useful indication of functaidnal impairment in these

-

subjects. This, of course, can be valuable in a clinical setting.

~ >

The results reported here in acute myocardial infarction support the  ceeee

results of several other authors and reflect tq§§effects of impaired

“

ventricular function in these patients. They also correlate well with

» N

. the severity of dysfunction during the progress of the acute state of
Lhigtdisease. Although STI proélde a good degree of discrimipation from
normal in these’ palients, attempts by others have failed to produce a

//’ﬂxgood differential discrimination between acute infarction and acute

H

3

’

> °
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covomary insnfficiency {(40). The identification of acute Infaretion, for
thol matter, is nol an lmportant consideration excepl un eclinical settings.
Limited mpasurement accuracy with current nop-invasive techniques may
contribute to tiuggmer diseriminatory. power of the STI measurements. It is
unlikely, however, thab more precaise and accurate technlques wduld produce

mijor changes im the results and conclusions of this study.

8 -
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CIAPTER VI

Summary and Conclusions 0
A computer program has been developed to measure the principal systolic
time intervals of the cardiac cycle by the digital signal acquisition and
analysis eof the Frank lead eleetrocardiogram, phonocardiogram and extermal
arterial pulse. The measurcement program identifies the onsei of the OQRBS

-

complex from up to four simultancous ECG leads, the onsets of the first and
second heart sounds, and ;;;m;niLial vpstroke and ineisura of the arterial
pulse. Visual verification results indicate that the program 1s success—
ful in producing acgurate estimates of LVETL, PEP, QS2 and HR from about
90% of resting records and 40% of post-exercise records. Poor quality of
the heart sounds in post~exercise records was the primary reason for the
fairly 1§rge failure rate of the method. "

Based on the measurements in large groups of normal subjects obtained
from a series of population studies, the statistical distributions of
LVET, PEP, PEP/LVET and-hR were established for normal male subjects in
the resting state in the supine and upright positions, and ;gmediately\
after submaximal exercise. These distributions are defined as a series
of regression relationships with HR as the independent variable, and as

o

means vectors and covariance matrices for the purposes of multivariate

-

statistical and discriminant analysis. ‘

’

Similar statistical distribugions were evaluated for two series of
subject groups, one with varying degrees of cardiac involvement ,due to
arterial hypertension, and the other with varying forms of evidence of ~
ischemic heart disease. Although statistically significant trends were

observed in systolic time intervals in both series, the magnitudes of the

‘differences in STI compared to the normal group were too small to permit

)

@

¢ b
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AN Y

-
vseful diseriminaut apalysis, exvept in the series of subjeets with acute

nyocardial infarction. e ‘

a

The results do not support any claims of the usefulness of the 517

ficasurements in epidemiologleal studies and screening programs.
Therefore, it ls concluded that although the use of a computer measuremen

o

program makes it practieal to measure $tr on a Targe svale, the results

the present studg groups do not indlcate that systolic time intervals are
a &y

sufficiently sensitive indices of early cardiac involvement in cither

hypertcnsive~§§>}schemic heart disease, :

.~y
f i

-
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