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Comparability and reproducibility of apex cardiogram
recorded with six different transducer systems'
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HILAIRE DE GEEST

From the Divisions of Medical Informatics and Cardiology, University of Leuven, Belgium

SUMMARY A comparison was made in 7 dogs of the results obtained by 6 different apex cardiographic
transducers applied before, during, and after controlled infusion of angiotensin and isoprenaline.
The electrocardiogram, internal phonocardiogram, aortic and left ventricular pressure using a Telco

micromanometer, and apex cardiogram were recorded simultaneously on magnetic tape and paper.

Digital computer techniques were used to derive various measurements. The comparison of the 6
transducer systems was made especially with respect to measurements derived from the normalised
derivative, calculated using total as well as developed pressure or displacement.
Measurements derived from left ventricular pressure were very reproducible. Differences in results

of 'contractility' indices varied between 0.5 and 1*9 per cent. Indices from the apex cardiogram using
6 different transducer systems showed variations up to 20 per cent, with mean values varying between
3-2 and 8-1 per cent. There was a systematic deviation for one transducer system, which was responsible
for a significant part of the observed variability.

It may be concluded that in order to assure maximal reproducibility, technical characteristics of the
apex cardiograph transducer should be taken into account and an optimal recording technique should
be used.

Reproducibility of results is a prerequisite for any
method to have scientific value. Many authors have
noted that certain morphological features of the
apex cardiogram are consistent, when recordings
are made at different intervals in time (Hartman
and Snellen, 1960; Benchimol and Dimond, 1963;
Tavel, 1967; Wayne, 1970; Craige, 1973). How-
ever, few systematic studies have been performed on
the reproducibility of the apex cardiogram. In none
has the apex cardiogram been recorded with dif-
ferent transducer systems (Ginn et al., 1967;
Gleichmann, 1968; Motomura et al., 1973; Willems,
1973; Denef et al., 1975; Dubel et al., 1975).

In the present study reproducibility of the apex
cardiogram has been tested under well-controlled
laboratory conditions. Our objective was to examine
the variability resulting from differences in physical
characteristics of various transducer systems. A
comparison was made of results obtained by 6
different apex cardiographic transducers, applied
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consecutively, before, during, and after controlled
infusion of angiotensin and isoprenaline in 7 dogs.
Studies were made particularly of measurements
derived from the normalised apex cardiogram
derivative, since in recent years increased attention
has been given to these measurements in the non-
invasive assessment of left ventricular function
(Reale, 1967; Gleichmann, 1968; Fincker et al.,
1971; Mirsky et al., 1972; Vetter et al., 1972;
Denef et al., 1973; Willems, 1973; Denef et al.,
1975; Willems et al., 1975).

Methods

MATERIAL AND RECORDING TECHNIQUE
The experiments were performed in 7 dogs weighing
27 to 32 kg and anaesthetised by subcutaneous
adminstration of a combination of fluanisone
(4 mg/kg) and fentanyl base (0- 1 mg/kg) (Hypnorm,
Philips-Duphar) followed 30 minutes later by the
intravenous injection of sodium pentobarbitone
(13 mg/kg), with repeat injections when needed.
Artificial positive pressure respiration was insti-
tuted through a tracheal cannula by means of a
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Bird respirator and ventilated with a mixture of
room-air (60%) and oxygen (40%).
The apex cardiogram was recorded in the left

recumbent position and in expiratory apnoea.
Three of the apex cardiograph pick-ups were
pressure- and 3 were displacement-measuring de-
vices. Application pressure could be assessed with
the fluid pressure-but not with the displacement-
transducer systems. All pulse transducers were held
by hand at the point of maximal impulse and the
recordings were made under oscilloscopic control
by the same observer.

MEASUREMENT SYSTEMS
Essentially two different methods exist to record
the apex cardiogram. In displacement apex cardi-
ography free movement of the apical impulse is
recorded in relation to the rim of the recording
device or to a fixed point in space. In pressure apex
cardiography a counter pressure is applied on the
thoracic wall and transducer systems are used with a
rigid sensing apparatus, so that displacement is as
small as possible.
The transducer systems used in this study were

the following:
(1) A fluid-filled, calibrated pressure measuring
system, with a membrane diameter of 8 mm
(Wesseling and Van Vollenhoven, 1969; Willems
et al., 1971a, 1972; Denef et al., 1973; Willems,
1973; van de Werf et al., 1976).
(2) A Marey capsule, connected by plastic tubing
(25 cm long and 4 mm internal diameter) and air
transmission to a sensitive Elema EMT 42 pressure
transducer (Elema-Schonander, Stockholm) (Kes-
teloot et al., 1969; Willems, 1973).
(3) The 'conventional' Marey system consisting of a
Marey capsule coupled to a piezoelectric micro-
phone (Kesteloot et al., 1969).
(4) A new quantitative displacement measuring
system, built in an open ended pick-up capsule
(Elema-Sch6nander, Stockholm) (Nillsson and
Thulesius, 1973; Denef et al., 1975).
(5) Same transducer system as no. 1, with a mem-
brane of 6 mm (Willems, 1973; Denef et al., 1973).
(6) A variable inductance pick-up (Telco, Paris)
described by Tricot et al. (1966). This contacting
transducer is in fact a modified micromanometer
with a rigid sensing head.

Transducer systems 1, 2, and 5 are experimental
systems developed and tested in our institution.
Systems 3, 4, and 6 are commercially available and
used in continental Europe and to some extent also
in the USA.
The air-coupled crystal microphone systems

(systems 3 and 4) had a time-constant, respectively,
of 2-5 and 4 seconds. The time constant of the

others- was infinite. Response characteristics for
high frequencies were variable and have been pub-
lished previously for all but one system (Tricot et
al., 1966; Kesteloot et al., 1969; Wesseling and
Van Vollenhoven, 1969; Willems et al., 1971a, b,
1972; Denef et al., 1973; Nillsson and
Thulesius, 1973; Willems, 1973; Denef et al., 1975;
Willems et al., 1975; van de Werf et al., 1976).

Pick-up number 1 has been tested by Wesseling
and Van Vollenhoven (1969) using a vibrator and
the step technique. The response was found to be
linear between 0 and 15 Hz. At 20 Hz, a 15 per cent
increase in response was noted and the resonance
frequency was at 60 Hz. The damping coefficient
was 0-075, which points to an underdamped
system, as is often the case with fluid-filled catheter-
manometer systems (Wesseling and Van Vollen-
hoven, 1969; Willems, 1973). The DC Marey
system has a flat response from 0 to over 100 Hz
(Kesteloot et al., 1969). The output of pick-up
number 3 was linear between 0 05 Hz (-3db
point) and 50 Hz (10% overshoot) (Kesteloot et al.,
1969). The upper and lower -3db point attenua-
tion limits of the unfiltered output of transducer
number 4, used in the present study, are at, re-
spectively, 1000 Hz and 0 04 Hz (Nillsson and
Thulesius, 1973; Denef et al., 1975). The resonance
frequency of the water-filled pulse transducer with
a membrane of 6 mm lies at 40 Hz (A. Aubert
and J. Joossens, unpublished findings), whereas
the inductance pick-up has a flat response between
0 and 1000 Hz (Tricot et al., 1966).

RECORDING PROCEDURES
The 6 transducers were applied in a semirandom
order, first during basal conditions, next 15 minutes
after a constant infusion by means of a Harvard
pump of a low dosage of isoprenaline (0-022 +
0-011 gamma/kg per min). Thereafter a return to
the basal state was allowed during ± 15 minutes,
after which 6 more control recordings were made.
Finally angiotensin was given at a rate of 0 019 +
0-013 gamma/kg per min and the measurements
were repeated.

Since application of each of the different apex
cardiographic systems took on the average 4 to 5
minutes, one observation period for all 6 transducers
lasted 20 to 30 minutes. Because of technical
problems with the tape-recording, 2 of the 168
registrations could not be analysed, so that paired
comparison between each of the 6 transducers could
be made in 26 of the 28 observation periods.

MEASUREMENTS
The electrocardiogram (lead II), internal phono-
cardiogram, aortic and left ventricular pressure,
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using Telco micromanometers, and the apex
cardiogram were recorded simultaneously on
frequency modulated magnetic tape and paper.
Digital computer techniques were used to derive
various measurements and to calculate median
values on the beats present in 15 seconds of re-
cording, as described previously (Willems, 1973,
1974). Conversion of the analogue data to digital
form was carried out at a sampling rate of 250
samples/s. All analyses were done on an HP 2100
computer system.
The comparison ofthe 6 apex cardiographic trans-

ducer systems was made especially with respect to
different measures of the rate of rise of the apex
cardiogram and left ventricular pressure. The
normalised derivative, that is the velocity of rise of
the curve divided by its amplitude, was calculated
using total as well as developed pressure (dP/dt/P)
or displacement (dD/dt/D).
The first derivative was digitally derived from the

apex cardiogram and pressure curves using a first
difference method:

(dP/dt)n = (Pn+1 - Pn-l)/(tn+l- tn-1),
whereby Pn-1, Pn, and Pn+1 are any 3 consecutive
pressures, or displacement measurements in case
of displacement apex cardiograms measured 4 ms
apart at times tn-i, t, and tn+1.
The derivation of (dP/dt)/(kP + c), (dP/dt)/kP

and (dP/dt/P), with k = 32, as approximations of
contractile element shortening velocity during
isovolumic systole has been discussed by several
authors (Mason et al., 1970; Falsetti et al., 1971).
In analogue to the derivation from left ventricular
pressure data we have calculated similar indices
from the apex cardiogram.

Since no real zero reference level exists in apex
cardiography, the level of the 0 point was used as a
substitute for the determination of total pressure or
displacement, whereas the C point was used as
reference for developed apical displacement or
pressure.

Force velocity curves were obtained by plotting
(dP/dt)/Pdev and (dP/dt)/Ptota1 data on the ordinate
versus, respectively, developed and total pressure or
displacement, on the abscissa, for every separate
beat and for a composite of all beats present in the
recording. Straight line fitting was done through the
points of the descending portion of the force velocity
curve in case of total pressure or displacement.
Vmax was obtained by extrapolation to zero in case
of developed pressure or displacement by means ofa
polynomial curve fitting routine of degree one and
degree two. Vmax and VCE data are expressed in
units per second denoted as s-1.
When normalised derivatives are digitally com-

puted the sensitivity at which apex cardiograph

curves are recorded does not influence the result,
thereby allowing calculation of these indices from
calibrated as well as from non-calibrated re-
cordings.

Total diastolic deflection of the apex cardiogram
was determined in the conventional manner
(Benchimol and Dimond, 1963; Tavel, 1967) by
measuring the vertical distance between the be-
ginning of the upstroke (C point) and nadir of the
curve (0 point) as a percentage of the total height of
the curve. The time intervals from the C to 0
point and from C to the peak of derivative of the
apex cardiogram and left ventricular pressure curve
have also been calculated.
Whenever indices were computed from single

beats a representative value for the recording period
was computed by deleting the two values most
extremely located from the median and averaging
the results of the remaining beats. Since differences
between Vmax values obtained in this manner from
individual beats and from a composite of beats
were insignificant, only Vmax values obtained with
the latter method are reported in this study.

STATISTICAL ANALYSES
For each haemodynamic intervention, averages and
standard deviations were calculated for each of the
various measurements on corresponding apex
cardiographic and left ventricular pressure data.

Pooled data from all recording sessions were used
to compute mean differences and paired t tests in
the comparison of the 6 different apex cardiograph
transducer systems.

Variability of the results was tested by calculating
the deviations from the average in each observation
period and expressing the results as percentages.
The average of the 6 results obtained in each obser-
vation period for each measurement from the apex
cardiogram and corresponding left ventricular
pressure was taken as 100 per cent. In this way
variability of measurements of different nature, for
example left ventricular systolic pressure and peak
(dP/dt/P), or magnitude could be compared.

Results

AMPLITUDE MEASUREMENTS AND TIME
INTERVALS
Apex cardiograms taken with the 6 transducer
systems during control conditions and during
isoprenaline and angiotensin administration are
illustrated in Fig. 1-3. The tracings were-
comparable with respect to their morphological
appearances. Variable recordings, however, could
be obtained with only minimal changes in location
of the pick-up, as shown in Fig. 4.
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Fig. 1 Representative tracings obtained with the 6 different transducer systems during
control conditions. For pick-up identification see Methods. Abbreviations: ACG, apex
cardiogram; LVP, left ventricular pressure; dp/dt LV, first derivative of left ventricular
pressure.
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Fig. 2 Representative tracings obtained with the 6 different transducer
systems during isoprenaline infusion. Abbreviations: see legend Fig. 1; DISPL,
displacement transducer no. 4; M-DC, Marey DC, M-PI, Marey
piezoelectric; PR-6 and PR-8, fluid-filled pressure transducer with
membrane of, respectively, 6 and 8 mm.
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Fig. 3 Representative tracings obtained with the 6 different transducer
systems during angiotensin administration. Abbreviations: see Fig. 1.
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Fig. 4 Illustration of variability in apex cardiograph morphology, especially of the
systolic plateau, as a result of only minor displacement of the pick-up location.
Abbreviations: see Fig. 2.

Mean values of total diastolic deflection, ex-
pressed as a percentage of the total apex cardio-
graph height, are given in Table 1, for each of the
pick-up systems. The values obtained with the
displacement measuring systems (transducers 2, 3,
and 4) were significantly higher (P < 0 01) than

those obtained with the pressure measuring devices
(transducers 1, 5, and 6).

Small insignificant differences could be demon-
strated in the C to 0 time intervals. The apex
cardiograms recorded with the pressure measuring
transducer, equipped with a sensing diameter of
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Table 1 Comparison between total diastolic deflections and time intervals derivedfrom 6 apex cardiographic
transducer systems and corresponding left ventricular systolic and end-diastolic pressure and peak time

Apex cardiographic transducer system Statistically significant differences between
results

1 2 3 4 5 6
P < 0001 P < 001 P < 005

Apex cardiogram
Total diastolic 19-8 26 4 26 2 23 2 19-2 21-4 1-3; 2-5 2-6 1-4; 4-5

deflection % (1-4) (1-8) (1-8) (1-8) (1 1) (1-4) 3-5; 3-6
C-to peak 29-7 30 7 31-1 31-3 36-6 31 8 1-5 3-5 2-5; 4-5

derivative (ms) (1-8) (2 0) (1i6) (1-7) (1-5) (1 9) 5-6
C-0 interval 399 391 396 394 395 401 1-2

(ms) (15) (14) (17) (12) (11) (15)
Heart rate 76-2 77 0 77-1 76-8 76-7 78 4

(beats/min) (4-1) (4 6) (4-7) (4-5) (4 1) (4 5)
LV pressure
Syst. press. 135-9 135-3 135-5 135 2 133 5 137 0
(mmHg) (6 9) (6 9) (7 1) (7.1) (6 8) (7-1)

LVEDP (mmHg) 11-8 12 0 11-0 11-4 11-0 11 1
(1-2) (1-4) (1-3) (1-5) (1-3) (1-4)

C-to peak 53-4 52-1 53-6 53-5 54-6 54-4
derivative (ms) (1-6) (1-5) (1-7) (1.6) (1.8) (2 0)

Methods: (1) pressure (8 mm); (2) Marey DC; (3) Marey piezo; (4) displacement; (5) pressure (6 mm); (6) Telco pick-up.
Total number of paired observations, 26; LVDEP, left ventricular end-diastolic pressure.
Mean and standard errors of the mean (between parentheses) are given.

Table 2 'Contractility' indices derivedfrom left pressure data and the apex cardiogram, recorded by 6 different
transducers: means and standard errors are given (N = 26 paired observations)

Transducer
1 2 3 4 5 6

LV pressure
dP/dt max 2257 2296 2347 2281 2273 2310

(151) (160) (171) (160) (157) (174)
peak (dP/dt/PT) 60-5 59 7 61-8 59-8 61-3 60-3

(1.5) (1-5) (2-0) (1-8) (1-6) (1.4)
Vmax tot P 1-97 1-97 2-00 1-98 1-96 1-98

(0 05) (0 05) (0 05) (0 05) (0 05) (0 06)
Vmax dev P

-lin 3 50 3-51 3-51 3-46 3-48 3 40
(0 08) (0 07) (0-10) (0 08) (0 08) (0 08)

-poly 4-54 4-53 4 50 4-42 4-44 4-31
(0-11) (0-10) (0-14) (0-11) (0 09) (0-10)

Apex cardiogram
peak (dP/dt/PT) 43-1 38-9 39-0 39 9 37-8 40 4

(2-2) (2 2) (2 2) (2.1) (1-6) (2 0)
Vmaxtot P 2-50 2-37 2-27 2-16 1-81 2-16

(0-14) (0-10) (0-10) (0-10) (0 09) (0-10)
Vmax dev lin 4-65 4-85 4-67 4-35 3-58 4-22

(0-16) (0-14) (0-17) (0-14) (0-14) (0-15)
Vmax dev poly 5x94 6-34 6-00 5 59 4 50 5-45

(0-19) (0 25) (0 25) (0-19) (0 20) (0-23)

Transducer systems: (1) pressure (8 mm); (2) Marey DC; (3) Marey piezo; (4) displacement; (5) pressure (6 mm); (6) Telco pick-up.
P, pressure; tot, total; dev, developed; lin and poly, respectively linear and polynomial fitting (see Methods); PT, total pressure.

6 mm, had a significantly longer C to peak time,
as shown in Table 1.

INDICES DERIVED FROM NORMALISED
DERIVATIVE
Measures derived from left ventricular pressure
data were very reproducible (Table 2). The maximal
difference in any ofthe 6 recordings obtained during
application of the 6 different apex cardiographic
transducer systems was 3-4 per cent, namely for
left ventricular end-diastolic pressure. Variability

in 'contractility' measurements derived from left
ventricular pressure averaged between 0 5 and
19 per cent (Table 3).

Indices derived from the apex cardiogram using
6 different transducer systems showed a significantly
greater variability (Table 2). The average variation
from the mean for different measurements varied
between 3-2 and 8-1 per cent (Table 3). One system
showed average deviations from the mean up to
20 per cent. The results obtained with this pick-up
(no. 5) were significantly different from the others.
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Table 3 Average results and deviations from mean, in absolute values (A) and as relative differences (%) for
each of 6 different apex cardiographic transducer systems, using pooled data (N = 26 observation periods)

Measurement Left ventricular pressure Apex cardiogram Mean deviations for each apex cardiographic transducer system

Global Variability Global Variability 1 2 3 4 5 6
mean % mean %

Vmax (total P) 1-98 2-21 0-29 0-16 0-06 -0 05 -0 40 -0 05 A
0-5 7-6 (13-1) (7 2) (2 7) (2 3) (18-1) (2 3) %/

(5O0)*
Vmax (dev P)

-lin 3-48 4 39 0-26 0-46 0 28 -0 04 -0-81 -0 17 A
0 9 7-7 (5-9) (10-5) (6 4) (0 9) (18-5) (3 9) %O

(4 6)
-poly 4-46 5-64 0 30 0 70 0-36 -0 05 - 1-14 -0-19 A

1-5 8 1 (5 3) (12-4) (64) (0 9) (202) (34) %
(4*7)

Peak dP/dt/P 60-6 39-9 3-25 - 095 - 0-85 0 05 - 205 0 55 A
1-2 3-2 (8 2) (2 4) (2-1) (0-1) (5-1) (3 2) %

(3*0)
Peak time 53-6 31-9 -2-2 -12 - 0-8 -0-6 4-7 -0-1 A

(ms) 1.1 5 0 (6 9) (3 8) (2 5) (1-9) (14-7) (0-3) %O
(2 9)

Total diastolic 6-1 22-7 -2-9 3-7 3-5 0 5 -3-5 -1-3 A
deflection (%) 19 11-3 (12-8) (16-3) (15-4) (2 2) (15-4) (5 7) %

(9*9)

Methods: (1) pressure (8 mm); (2) Marey DC; (3) Marey piezo; (4) displacement; (5) pressure (6 mm); (6) Telco.
*Average variability data, expressed as per cent, after deleting results of pick-up 5.

Table 4 Mean absolute differences (D) in peak
dP/dt/P values obtained by 6 different apex
cardiograph transducer systems and corresponding
paired t tests

Method 2 3 4 5 6

1 4-21 (1) 4-06 3-25 5-33 2-69
1-68 (2) 1-49 1-69 2-64* 1-58

2 -0-15 -0-96 1-12 -1-52
- 0 09 - 0-39 0-46 - 0 79

3 -0-81 1-27 - 1-37
-035 044 -0-64

4 2-08 - 0-56
1-15 -0-30

5 (1) mean differences (D) - 2-63
(2) paired t tests - 1-22

Methods: (1) pressure (8 mm); (2) Marey DC; (3) Marey piezo;
(4) displacement; (5) pressure (6 mm); (6)Telco.
*Significance level : P < 0 05.
Standard deviations (SD), not presented in this and following table,
can be derived using the formula

SD =
D

t

Total number of paired observations.

A significant part of the observed variability was due
to this pick-up (Table 2). By deleting transducer
no. 5, variability for different measurements de-
creased significantly to an average of 2,9 to 5-6 per
cent (Table 3).
The most consistent results were obtained for

peak (dP/dt/P). Two matrices with mean differences
and corresponding paired t tests of measurements
derived from the apex cardiogram, recorded with
the 6 different recording systems, are given in
Tables 4 and 5. Most differences in these and other

Table 5 Mean absolute differences between so-called
Vmax indicest using total pressure or displacement
obtained by 6 different apex cardiograph pick-up
systems

Method 2 3 4 5 6

1 0-13 (1) 0-23 0 34 0-69 0 34
1-14 (2) 1-55 2-77* 5-12*** 2-63

2 0-11 0-21 0 57 0-21
1-37 2-64* 5-53*** 2-05

3 0-10 0-46 0-10
1-13 3.99*** 1-28

4 0-36 0-003
3-42** 003

5 (1) mean differences (D) - 035
(2) paired t tests - 3-33**

Methods: (1) pressure (8 mm); (2) Marey DC; (3) Marey piezo;
(4) displacement; (5) pressure (6 mm); (6) Telco.
*P < 005; **P < 0-01;***P < 0-001.
tUsing (dP/dt)/kPtot with K = 32.
Total number of paired observations: 26.

comparisons were not significant except for pick-up
5.

CORRELATION BETWEEN LEFT
VENTRICULAR PRESSURE AND APEX
CARDIOGRAPHIC INDICES
Correlations were calculated between various
indices derived from the normalised apex cardio-
graphic derivative and corresponding left ventricular
pressure measures for each of the 6 different apex
cardiographic transducer systems. Correlation co-
efficients varied between 0 35 and 0-72. None of the
6 transducer systems showed a superiority in this
respect. The highest correlations in the present
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investigation were found between left ventricular
pressure and apex cardiographic 'contractility'
indices, using developed pressure or displacement.

Discussion

Whereas previous authors (Ginn et al., 1967;
Gleichmann, 1968; Motomura et al., 1973; Willems,
1973; Denef et al., 1975; Dubel et al., 1975) have
tested the reproducibility of the apex cardiogram
using the same transducer applied on the same
subjects at different time intervals, in the present
study we analysed the comparability and repro-
ducibility of the apex cardiogram recorded with
6 different transducer systems.

REPRODUCIBILITY USING SAME
TRANSDUCER
Ginn et al. (1967) have studied day-to-day repro-
ducibility of the A wave in the resting and post-
exercise apex cardiogram. Apex cardiograms were
recorded on 3 different days in 24 normal subjects
and in 22 patients with ischaemic heart disease.
Though the coefficient of variation, defined as the
standard error deviation within subjects divided by
the mean of the group, was relatively high (between
28 and 33%), the authors concluded that repro-
ducibility was not an important limiting factor to
the discriminatory ability of the method.
A systematic study on reproducibility of 21

different measurements, including some indices
derived from the first derivative of the apex cardio-
gram, has been published by Dubel et al. (1975).
Recordings were made in 15 subjects at 4 different
time intervals, two the first day, 10 minutes apart,
the third and fourth, respectively, 2 and 10 days
later. Analysis of variance was done and all F-tests
were below 2-7, which was the 5 per cent signifi-
cance level.

Inter- and intraobserver variation on the cali-
brated derivative from the apex cardiogram has
been studied by Denef et al. (1975). The intra-
observer variation was determined in 23 subjects by
recording the apex cardiogram twice with the same
transducer, within an interval of at least one week.
The variation was 11 to 25 per cent for data derived
from the normalised apex cardiogram derivative.
Variability results between 28 and 44 per cent were
obtained for non-normalised amplitudes.
An average relative difference of 8 per cent in

peak normalised derivative values was found by
Motomura et al. (1973) in 16 patients, with apex
cardiograms recorded at one- or two-week intervals,
using the same equipment.
COMPARABILITY OF APEX CARDIOGRAM
RECORDED WITH DIFFERENT TRANSDUCERS
Within the same laboratory results may be repro-

ducible, but this may not be so between different
laboratories. Indeed, comparison of morphological
features of apex cardiograms, recorded in different
laboratories, has been difficult in the past (Craige,
1973). This resulted mainly from the use of varying
techniques and of transducer systems unsuitable
for recording low frequency vibrations (Reale,
1967; Johnson et al., 1971; Willems, 1973). It is
now widely accepted that transducers should be
used with an adequately long time constant, of at
least 2-5 s, the ideal being an infinite time constant
(Wesseling and Van Vollenhoven, 1969; Johnson
et al., 1971; Willems, 1973; Reddy et al., 1976).

In the present study a comparison was made of
results obtained with 6 different apex cardiographic
transducer systems, obeying this requirement.
Reproducibility was tested under well-controlled
laboratory conditions. Recordings were made before,
during, and after controlled infusion of angiotensin
and isoprenaline in 7 dogs. Our objective was to
examine variability, as a result solely of differences
in apex cardiograph transducer systems. In particu-
lar, indices derived from the normalised derivative
have been analysed. Analysis of the recordings was
done entirely by computer techniques, thereby
eliminating observer measurement variability.
Measures derived from left ventricular pressure

were very reproducible. Variability in results of
'left ventricular pressure contractility' measures
averaged 0 5 and 1-9 per cent. This proves that
during the recording sessions the haemodynamic
status of the animals was stable and that the com-
puter techniques used for calculating did not intro-
duce any appreciable degree of variation.

Indices derived from the apex cardiogram, using
6 different transducer systems, showed significantly
greater variations, with mean results varying be-
tween 3-2 and 8-1 per cent. One pick-up showed
deviations up to 20 per cent from the pooled mean
data. Deleting results of this device decreased
significantly the variability, to an average of 2-9 to
5*0 per cent for indices derived from the normalised
derivative.

Results on peak (dP/dt/P), respectively peak
(dA/dt/A), were most consistent. If we take the
mean obtained with all 6 transducers as the 'real'
peak (dP/dt/P) value, then deviations from this
average varied between 041 and 8-2 per cent (mean
3 2). Most of the differences between results ob-
tained with the different transducers were not
significant, except for one transducer system.

DETERMINING FACTORS OF VARIABILITY
Derivation of measurements from the normalised
derivative with regard to total pressure is dependent
on the total height of the diastolic deflection.
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Fig. 5 Graphic representation of the error, in per cent, of (dP/dt)/P ratios
introduced by using incorrect left ventricular end-diastolic pressures (LVEDP) or

wrong apex cardiographic diastolic deflections (ACGDD) of the apex cardiogram.
The full line denoted by squares indicates the underestimation introduced when
15 mmHg is used instead of 8 mm as LVEDP. The two other lines illustrate the
overestimation when values of 5 and 17 are used instead of, respectively, 8 and 19-2.
The highest errors in (dP/dt) IP ratios are found at low developed pressures.

Errors in the determination of this measurement
largely influence peak (dP/dt/P) and so-called
Vmax indices derived from total pressure, especially
when end-diastolic deflections are low, as shown in
Fig. 5. The derivation of measurements from the
normalised apex cardiogram derivative, therefore,
requires that the time-constant of the apparatus
should be long, that is at least 2-5 to 5 seconds,
otherwise variable differentiation will take place
with changes in the RR interval. With varying dia-
stolic periods the total diastolic deflection might be
artificially different, thereby influencing (dP/dt/P)
or (dA/dt/A) ratios.

Total diastolic deflections of the apex cardio-
grams recorded in the present study with displace-
ment measuring systems were significantly higher
than in apex cardiograms recorded with pressure
measuring systems, though the time constant of all

systems exceeded 2,5 seconds. Correspondingly,
peak values of normalised derivatives were slightly
lower in apex cardiograms recorded with displace-
ment measuring devices, with the exception of
pick-up no. 5, which showed also other significant
aberrations. The average interval from the onset
of the rise (point C) of the apex cardiogram to the
peak of the derivative was significantly longer in
apex cardiograms recorded with this device, because
-of inappropriate frequency characteristics.

Indeed, besides good frequency response at the
low end of the spectrum the apex cardiographic
system should also have good response characteris-
tics in the high frequency range. Similarly, deriva-
tion of indices of contractility from left ventricular
pressure data requires high-fidelity micromanometer
recordings (Mason et al., 1970; Mirsky et al., 1972).
Differences found in the present study between
results of the 6 apex cardiographic transducer
systems may be partially attributed to differences in
application technique, but are probably a result of
differences in response characteristics in the high
frequency range.

Differences in technique of application of the 6
transducer systems were kept as minimal as possible.
Such differences, however, are unavoidable, for
example with respect to the exact place at the site of
maximal impulse and the use of the same applica-
tion pressure, as a result of the different pick-up
diameters and sensing mechanisms.
Response characteristics of the 6 apex cardio-

graphic transducers in the high frequency range
were variable. In order to ensure maximal repro-
ducibility of the normalised apex cardiographic
derivative, linearity is needed, at least to 50 Hz, with
some filtering to produce well-recognised alterations
in roll-off features. Indeed, as a result of the tho-
racic wall resonance, high frequency heart sounds
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affect the apex cardiogram more than the left
ventricular pressure curve. In addition, in un-
filtered high-fidelity left ventricular pressure
curves, notches corresponding to high frequency
components of the first sound may cause spuriously
large (dP/dt)/P ratios.

CONCLUSION AND CLINICAL APPLICATIONS
In order to assure maximal reproducibility, technical
characteristics of the recording device should be
taken into account and an optimal recording
technique be used. This has been underlined by
several investigators with respect to the morpho-
logical features of the apex cardiogram (Kesteloot
et al., 1969; Willems, 1973). From the present study
it is evident that the same holds true for measure-
ments derived from its normalised derivative.

This conclusion should not be interpreted as a
criticism of apex cardiography but should caution
against an uncritical comparison of results obtained
by authors using different devices.
Two important statements can be made as a

result of our situdy. Firstly, the average differences
between different transduCers did not exceed 5 to
8 per cent. The mean difference in the peak ampli-
tude of the normalised derivative obtained with the
6 different transducers was only 3-2 per cent. This
was the best measurement with regards to repro-
ducibility in the present investigation. These
findings in the dog obtained under ideal circum-
stances, however, cannot be transferred to routine
patient care. To these results one should compare
the 8 and 11 per cent variation figures obtained by
Motomura et al. (1973) and Denef et al. (1975) in
human subjects. It has been shown that these
figures are no limiting factor in discriminating
patient groups with normal and abnormal myo-
cardial function. Secondly, results of so many other
techniques and measurements (as for example
LVEDP, cardiac index, ejection fraction) vary
even more significantly as emphasised by Spodick
(1975). Variations in observer performance, in-
cluding perception and interpretation, for other
data, on which even critical decisions are made, can
be so great that they should encourage us to use
non-invasive objective measurements, such as
derived from the apex cardiogram, echocardio-
graphy, or quantitative scintigraphy, and to refine
these as much as possible.
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