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THE FIRST DERIVATIVE OF APEX CARNDIOGRAM AND ITS UTILIZ-

ING FOR DETERMINING SOME SYSTOLLIC AND DIASTOLIC TIME
INTERVALS IN MAN

NIKOLAI KOLE
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SUMMARY

To determine the usefulness of the time

intervals obtained from the first derivative of apex
cardiogram (dA/dt) in assessing contraction and rela-
xation, 20 hemodynamically and angiographically inves-
tigated patients with coronary artery disease and 29
patients with hypertensive heart disease were studied.
As a control group there were used 50 normal subjects.
Since contraction and relaxation 1s dependent on preload
and afterload, the time interval from R wave of electro-
cardiogram to the positive peak of da/dt (R to da/dt)
and two relaxation parameters derived from negative peak
da/dt were investigated, early relaxation index (ERI)
and total relaxation index (TRI). In patients with coro-

nary artery disease all of these parameters were augmen-

ted (R to dA/dt: 121 +14 msec versus 76 + 14 msec for

controls; ERI: 13.1 + 8 versus 4.3 + 5 jin controls: TRI:

14% + 30 Versus
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71 + 18 for controls) and also patients with hyper-

tensive heart disease showed similaxr changes (R to dA/
dty 115 #* 15 msec; ERI: 9.5 * 6; TRI: 81 + 19) ,8ignifi-
cant correlations between these indexes and some intern-
ally parameters of myocardial performance were observed.
These findings indicate that systolic and diastolic
+ime intervals measured from the first derivative of
apex cardiogram may be used as a reliable indices for
evaluation of contraction and relaxation independently

of preload and afterload,

Measurement of sustolic and diastolic time interva-
1s for cardiac evaluation, such as isovolumetric contra-
ction, preejection period, left ventricular ejection
time and isovolumetric relaxation time has been emphasi-
zed by many authors. However, these intervals are infl-
uenced by factors extranecus to contractility and rela-

. ; ; ; 1,2
xation, such as variations in preload and afterload '~ .

To overcome the latter difficulty, RealeB proposed
to determine the time interval from onset of ventricular
depolarisation to the positive peak of the first deriva-
tive of left apex cardiogram (dA/dt), because he estab-
lished the similarity in timing and contour between the
first derivative of left ventricular pressure and da/dt.
In order to avoid the influence of afterload on relaxa-
tion, we divided as suggested by Manolas et a1.4 time
intervals derived from negative peak dA/dt by mean aor-
tic pressure,

The first purpose of this study was to investigate

o —— ————
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the average value of interval R to positive peak da/dt
and indices derived from negative peak dA/dt in patien-
ts with various cardiac disease and to compare the val-
ue obtained with those in a control group. The second

purpose was to investigate in man the relationship

between above mentioned parameters and some internal in-

dexes obtalined by heart catheterization.

SUBEJECTS AND METHCDS

This study covers 25 catheterized and angilographi-
cally investigated patients with arteriosclerotic coro-
nary heart disease, cardiomyonathies, congenital heart
disease and acquired valvular disease. The invasive stu-
dies were performed when clinically indication for dia-
gnostic or therapeutic reasons, frequently before cardi-
ac surgery.

Cardiac catheterization: Left ventricular pressure
were recorded through well f£lushed 100 c¢m No 7 and No
8 catheters with Statham transducer (p23 Db}balanced at
+he mid-chest level on the multichannel recorder Elec-
tronics for Medicine using a paper speed of 100 mm/sec.
The first derivative of the left ventricular pressure
was obtained by means of resistance-capacitance circuit
with time constant of 1 msec.

Angiography: Left ventricular biplane angiograms
were filmed at a 6 frames/sec. Left ventricular volumes
were calculated by the methcd of Dodge et al.* Clinical,
hemodynamic and angiographic data of patients are given
in the table I,

in the control group (50 normal subjects with an

average age of 40 + 12 years) no previous history ol
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heart dincase was presented, and complete physical exa-

mination, 12 lead electrocardiogram, carotid pulse traw-

cing and chest X=-ray werce normal.

LVEDV Aop Hax Min Vrmax EF %;}?ifi?
Casc Age/ Diagnonis HR _, R to ERI TRI LVEODP (cc) {mmHg) AP/ dt dr/de {circ/ (e} ?4“**“;‘
no Sox {min jf;é:zj (ronlig) RGBS (RS s —_— ;
1 55 N CAD 76 118 11 1ig 10 154 126/75 1034 1285 13 51 ;
- 5E M b B2 115 13 135 {1 194 120/50 1360 1590 1.4 4 %
3 4 M CAD 67 129 13 149 25 398 115/67 250 1073 1l 53 E ________________________
i 63 M MY T4 141 16 1946 31 210 165/89 7580 290 P G0 ;
5 49 M CAD 68 128 12 146 23 197 L15/76 880 1070 1.6 56 %
& 66 M CARD 53 9% 8 {20 & 180 104/7% 1630 1970 1.9 59 T
7 57 ¥ CAD 97 125 13 186 17 147 147/90 #70 shile : 45
3] g5 M CAD 8 1G9 i0 1368 14 193 114775 Qa0 1i4G6 i.8 57
9 60 M CAD 67 115 1} 129 13  Ld9 125/84 D90 1110 1.5 51
10 48 8 CAD 96 118 it 135 14 145 136/68 699 1030 1.8 56
11 57 M CAD 91 122 14 183 18 201 145/87 1040 1700 I8 a3
13 G7 F AD 51 114 15 1y1 20 Y7 136/90 5310 780 5 R 28
13 49 M CAD 79 136 14 176 20 390 143/87 G70 S0 1.4 41
14 46 M CAD 92 128 14 153 19 207 137 /79 710 430 { % 39
15 63 M CRD g3 106 q 179 15 1599 126/75 1200 1340 1.9 55
16 54 F CAD 78 127 15 171 2B 307 136/78 520 1016 1.7 46
17 49 M CAD 62 Ll 12 141 18  le8 135/76 G960 1150 1538 &0
ig 61 K CAD 9 116 11 149 19 1948 137/78 980 - 1200 1.8 51
15 56 M CAD 87 1320 12 141 22 4ll 138/84 850 1140 1.3 48
20 49 M CAD 3 i3l s 172 19 370 152/87 T8 70 1.0 a8 el
21 14 ¥ ASD €5 76 4 86 6 127 a5/74 1200 1880 Zak 78
27 24 M Ven 59 75 5 a5 A 100/84 1440 1750 2,0 71
23 29 F AS 63 K1 4 73 11 210 96/74 1250 1640 1.8 65
24 3 M IHSS Vi, 56 12 135 19 108 128/86  1BGO 2310 2.5 79
25 38 M THSS &1 52 13 _ 127 1g 116 123785 1920 2360 <5 82

Table I. Clinical, hemodynamic and angicgraphic data in
25 patients. Abbrevatrions. ASD, atrial septal defect;
Aop, aortic pressure; CAD, coronary artery disease; EF,
pjecticon fragtion; ERI, early relaxatioen index; IHSS,
idiopathic hypertrophic subaortic stenosis; LVEDN,left
ventricular end-diastelic prossure; LVEDY, left ventri- :
cular snd-diastoelic volume; TRI, total relaxation index; :
Vmax, naximal myocardial contractile element velocity

and AS, aprtic stenosis,
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Furthermore, twenty nine patients with hypertensive
disease, from 34 to 58 years (medium age 41 + 13 years)
were also studied. The hypertensive patients were defi-
ned as subjects who had blood pressure persis tently
higherthan 150/90 mm Hg, without secmndary hypertension.
When investigation were performed patients suffered from
decompensation (NYHA I and I1I).

The polygraphic tracing was performed by rotating
recumbent subjects 30 to 505 toward left lateral decu-
bitus position. Apex cardiogram were recorded by means
of a plezoelectric transducer Hellige (GFR) or RFT{GDR)
with a time constant 0.1 sec. The first derivative of
apexXx cardiogram was obtained by an unfiltered R~C circuit
exhibiting a constant phase shift of 9OG from O to 160
cycles/sec and a time constant 0.5 msec. In the catheter-
ized patients polygraphic tracing were obtained within
a week,

Analysis of the simultaneous tracings: (Fig. 1).

1. Interval from R wave of the electrocardiogram to
the positive peak of the first derivative of the apex
cardiogram (R to dA/dt).

2. Relaxation indexes derived from the negative peak
of dA/dt. According to the Laplace's law there is a re-
lationship between the minimal dP/dt and the rate in
tension fall (negative AT/dt)}during the isovolumetric
relaxation phase. On the basis of the linear relations-

. . . 5,6
hip between min dP/dt and the mean aortic pressure”™ ',

the lateration in aortic pressure could be overlooked

when using min dP/dt/mean aortic pressure., In the place
of the min dP/dt we employed the time intervals obtain-

ed from min da/dt, and mean aortic pressure was assess-

ed by auscultatory Korotkoff's technique in the brachi-
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R to 4dA/dt ERI TRI

Normal subjects

n 50 76 + 14 4.5 + 5 71 + 18
Ischemic heart
disease n 20 121 + 14 13.1 + 8 149 + 32

P 6 . B 0.001 0.005
Hypertensive
disease n 29 115 + 15 9up 6 82 + 19

P O . 05 0.01 0 . 10

Table IT. The results of investigated interval R to
positive peak da/dt in msec and early apex cardiographic
relaxation index (ERI) and total relaxation index (TRI).
The value of P obtained when compared patients with con-

trol group.

— - 7 7 gt rrore s

IVEDP LVEDV EF Max Min vmax
dp/dt dp/dt

- — o b el — ad .

R to da/dt 0.48% 0.62 ~-0.83 =-0.86 =-0.38** -0.6>
ERIL 0.51* 0.67 -0.74 -0.64 -0.88 ~0.70
TRI (. 32%5 0.61* -0.69% -0.,58% -0.82 ~-0.64

i = g - = rey -

Table III. Correlations between parameters derived
from the first derivative of apex cardiogram and inter-
nal indices of left ventricular performance. P value
were for all correlations 0.001, except* P 0.01

and** NS. Abbrevations as in Table 1I.

..........

O



The first darivative of apex carojiogram and 3046

Fig. 1. Simultaneous records of electrocardio-
gram (ECG), Phonocardiogram (FCG), and first
derivative of apex cardiogram (dA/dt). 1 = in-
terval R to dA/dt;2a= interval early apex
cardiographic relaxaticn time; 2b = total apex
cardiographic relaxation time interval
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al artery.

; ; AR
A) Early relaxation index ERI = EMAE X 100

where EART is the early apex cardiographic relaxation

time interval measured from the aortic component of
second heart sound A2 in the phonocardiogram to the ne-
gative peak of da/dt, MAP is the mean arterial pressure

(MAP = diastolic pressure + 1/3 pulse pressure),

B) Total relaxation index TRI = Tiii x 100

where TART is the total apex cardiographic relaxation

time elapsed from A2 to the protodiastoliec nadir of the
apex tracing, the latter being defined more accurately
by determing the point where da/dt after having reach-
ed its negative peak assumed and reached the zero;thus
provides a more exact temporal measurement of the pro-
todiastolic nadir (O point) of the apex tracing.

2ll intervals in examined group subjects are measured

in msec and corrected for heart rate by Bazett's formula
(corrected value = measured interval/vrg:ﬁ. At least fi-
ve consecutive cardiac cycles were evaluated,and the re-
sults are presented as the average value. The overall
results from each group are reported as the mean + stan-
dard deviation. Statistical analyses were performed usi-

ng Student'st-test and standard least square linear regr-

ession method.

RESULTS

Table II lists the results for measurement of inter-
val R to positive peak da/dt and indices derived from
negative peak da/dt and mean arterial pressure in 2 gro-

ups of patients with 1schemic heart disease and hyperte-
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nsive disease. In these patients was established an elon-
gation of the interval R to da/dt and an increase of the
relaxation indexes. Only in hypertensive disease the au-
gmentation of TRI were statistically insignificant.
Table I contains clinical information, results of
hemodynamic and angiographic data and measurement of R
to dA/dt, ERI and TRI in 25 patients subjected to cardi-
ac catheterization. The significant correlation found
when results of measurement of interval R to dA/dt, ERI
and TRI were compared with indexes derived from cardiac
catheterization and angiographic data are listed in

Table I111I.

DISCIISSION

Many investigators reported the similarity in timing
and contour between the first derivative of left véntri-
cular pressure and first derivative of left ventricular
apex cardiogram. It was shown in the experimental study
7-8 and clinically9 that correlation between the dA/dt
and dp/3dt during acute hemodynamic changes was fairly
good. All those authors used calibrating device when
measured the first derivative of apex cardiogram and

; 7-8
expressed its value in different units - mmHg/sec

9 10
X/sec” or grammes/sec .
The quantitation of the dA/dt by use of amplitude
have been rare because of difference among individual
: : : : 2:3,56
subjects in cardiac size and thoracic shape S !
order to avoid the calibrating difficulties, and there-
fore in assessing a units of measurement of first deri-
vative of apex cardiogram we examined the time interva-

1s derived from positive and negative peaks of dA/dt.

b=t amhmrarir
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Measurement of conventional systolic and diastolic
time intervals has been emphasized by many authors. How-
ever, most of these i1intervals are influenced by pre-and
afterlmadl. To overcome the latter difficulties we used
a suggested by Reale2 interval R to peak dA/dt and in-
troduced the EAI and TAI}J'

Mason and associlates found that time from electrical
stimulation to peak dP/dt was inversely related to con-
tractlle state in isclated muscle strips and that the
interval was independent of pre-and afterload. In human
catheterization studies they showed that time from ven-
tricular depolarization to peak left ventricular dp/dt
did not vary with load conditions. The same is valid
for interval R to positive peak dhA/dt. Vetter et al.6
established that no change in R to daA/dt in patients
studied before and after valve replacement for severe
aortic stenosis. Our data for elongation of interval R
to dA/dt in coronary artery disease and close correla-
tionship with ejection fraction confirm the results
of Vetter et al.6 and are 1n dissagreement with those
of Van de Werf et al.lz.

Studies of cardiac muscle relaxation were performed
by Parmley and Sc}nnenblik13 using isolated cat papilla -
- ry muscles. Under afterloaded contractions, relaxation
was divided into a rapid initial phase and a second
slower exponential phase. The magnitude of the decline
in tension during the rapid phase was greather at a hig-
hex afterloads. These data suggest that higher afterloa-
ds are associlated with a more rapid fall in tension as
well, It should be pointed out, however, that rate of

fall of tension is proportional to the negative peak dp/

14
dt
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A major difficulty in evaluating clinically left
ventricular relaxation is establishing a suitable index
of relaxation. In previous studies the negative peak dP
/dt was used as an 1ndex of myocardial relaxatiﬂn4'5'14.
But its appeared to be influenced by the mean aortic

4,5 . . . :
pressure @ . Similary time intervals derived from nega-

tive peak dA/dt alsoc 1s influenced by afterlmadlE. In
this study using EAI and TAI 1t is possible (1) to de-
termine a more accurate 0 point of the apex tracing3'16,
because conventional apex cardiographic A2-0 interval

is not identical with isovolumetric relaxation timel7’18
and {(2) avelding i1nfluence of afterload.

Our findings of increased relaxation indexes 1n 1s-
chemic heart disease with o0ld myocardial infarction may
be explained as follows. Loss of myocardium results in
a decrease of left ventricular contractility, which is
according to Cohn's study4 accompanied by a similar de-
crease of the relaxation ability. The second factor for
the distrubed relaxation 1s cosidered o be the reduced
interfascicular tension. Energy which is stored during

contraction in the elestic wall elements of the left

ventricle, i1s the sum of the energy stored in the infar-
cted and non-infarcted mvocardium. Since the infarcted
area is stiffer than the non-infarcted myocardium,it can

5
be assumed that the energy stored there is less .

The mechanism of an impairment of relaxation in hy-
pertensive disease 15 not known, but it may be related
to a reduction in avallable enerqgy during anaerobiosis
in hypertrophed left ventricle. There is evidence to
indilcate that more enerqy 1is reqillred for the process
of calcium removal from contractile sites than for the

i -
steps that 1nitiate muscle contraction 9.
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