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Subcostal M-mode computerised echocardiography
An alternative or complementary approach to parasternal
echocardiography?
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suMMARY Subcostal M-mode echocardiography has been suggested as a method for assessment of
left ventricular size and function. Parasternal and subcostal measurements (direct and derived) of
left ventricular function were compared in 30 healthy young subjects. We calculated instantaneous
left ventricular diameter and wall thickness every 10 ms for both the subcostal and parasternal
approaches using a computer program for echocardiographic digitisation and compensation. All
variables were filtered to calculate instantaneous first derivative (velocity) and logarithnic derivative
(normalised velocity). The program provided normal values for computerised variables of left
ventricular function from the subcostal approach. It was found that there was no identity and no
correlation or a poor one between subcostal and parasternal left ventricular internal diameters and
volumes. The parietal wall thickness was significantly greater using the subcostal approach, and the
comparative velocities study showed striking variations between the two approaches, especially in
diastole, where the peak lateral wall tinning rate was 20% lower than the posterior tinning rate.
We conclude that for a normal and young population, the subcostal and standard parasternal data

cannot be used interchangeably for precise studies of left ventricular function. The subcostal
approach, however, provides useful complementary information about lateral wall motion.

M-mode echocardiography from the subcostal
approach is today a well accepted method of investiga-
tion.I- There are, however, no published normal
values for the classical echocardiographic variables of
left ventricular size and function visualised by this
technique. Futhermore, to our knowledge, there are
no data relating to instantaneous velocity measure-
ments from the subcostal approach; these data are
rare also from the standard parasternal approach.4-7

This paper describes our method of digitisation and
computerisation for the parasternal echocardiographic
variables, especially velocity calculations, and pre-
sents our normal values for a young and healthy popu-
lation. The same method is then used for the sub-
costal approach, and we present for the first time the
normal values of the instantaneous velocities for the
diameters and thickness changes of the left ventricular
structures recorded in this view. Finally, all the data,
including the logarithmic first derivatives, are used

Accepted for publication 22 February 1983

for a detailed comparative study of the parasternal and
subcostal techniques.

Patients and methods

Thirty-two consecutive medical students were
studied. Careful examination by a cardiologist
included a complete medical history, auscultation,
and electrocardiography; one subject with ausculta-
tory findings of mitral valve prolapse (confirmed by
echocardiography) and a second with a previous his-
tory of rheumatic mitral valve disease were excluded
from this study. All the remaining 30 subjects were
considered to be healthy and submitted to our
echocardiographic laboratory. We could not obtain
high quality parasternal echocardiographic recordings
in three subjects. In 19 out of the 27 remaining sub-
jects, sufficiently high quality recordings were
achieved in both parasternal and subcostal techniques
(70%): these 19 subjects (10 men and nine women)
formed the study group. Their ages ranged from 20 to
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27 years (mean 22 years).
All the echocardiographic recordings were per-

formed with an "Irex system II" instrument using
black and white photographic paper. A complete
M-mode echocardiogram was obtained from the para-
sternal approach following the recommendations of
the American Society of Echocardiography.8
A subcostal echocardiogram was then recorded

according to the criteria for transducer position and
angulation.'3 9 In both approaches, five consecutive
digitisable cycles were recorded, to reduce as much as
possible the respiratory effect on left ventricular
measurements.

DATA ANALYSIS
For each M-mode echocardiographic recording, five
consecutive cardia cycles were digitised using an HP
9111 A graphic tablet interfaced with a specially pro-
granmmed HP 9845 T calculator.'0 Q waves of a simul-
taneously recorded electrocardiogram were used to
define each cycle (Fig. 1). At every 10 ms, instantane-
ous values of left ventricular diameter, and septal and
posterior wall thickness were computed and stored
(Fig. 1). All these variables were filtered using a three
point digital method to calculate instantaneous first
derivative (velocity) and logarithmic derivative (nor-
malised velocity). The maximal and mean values of
each measurement were calculated. The maximal
value of each variable was also calculated during the
diastolic period. All these computed values were aver-
aged for the five digitised cycles. Calculations were
performed for left ventricular diameter, end-diastolic
posterior wall thickness, and end-diastolic septal
thickness (Fig. 2).

Left ventricular longitudinal axis (L) was derived
from the measured equatorial diameter (D) from a
hyperbolic relation: D/L=0O080 D+0 125. This rela-
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tion was obtained in the laboratory from 24 left ven-
tricular angiographies of subjects with and without
heart dilatation, digitised frame by frame every 20 ms
to evaluate the corresponding diameter and longitudi-
nal values.I011 This relation is very close to that
obtained by Teicholz et al. 12 From longitudinal axis
and diameter, left ventricular volumes are calculated

(V= 6- . LD2).Myocardial volume (Vw) is calculated

from the end-diastolic values of longitudinal axis,
equatorial diameter, end-diastolic septal and posterior

thickness: Vw= ' ((L+H) (D+2H)2-21 LD2)6 ((+)6
where H=(Hs+Hp)/2 assuming an ellipsoidal model
with variable wall thickness (H in the equatorial
plane, H/2 in the longitudinal plane) as proposed by
Rankin et al.13 Parietal hypertrophy is quantified
using the end-diastolic values of Hp/D and of Vw/V.

STATISTICAL ANALYSIS
For each variable, the corresponding values, using
parasternal and subcostal approaches, were com-
pared.

All paired data were automatically analysed for
basic statistics, Student's paired tests, and linear
regression analysis.

Results

High quality subcostal echoes were obtained in 19
subjects (70%).

LEFT VENTRICULAR DIMENSIONS (Table 1)
Comparing left ventricular internal dimensions (D)
there was no significant difference between the two
techniques for the paired values at end-diastole or at

Cycle 4Cycle 3

=1cm

Cycle 5

Fig. 1 Digitised and computer processed M-mode echocardiographic data.

0

22

.........
.............. ...... ......... .. ... .. .... ............

.......

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.50.1.21 on 1 July 1983. D
ow

nloaded from
 

http://heart.bmj.com/


Subcostal M-mode computerised echocardiography

-bs p

200 400 600
t (ims)

t (ms)

end-systole, but the correlations were poor (y=0-7x+
15 with r=0-59 and y=0-8x+8 with r=0-53, respec-
tively). Comparing septal and posterior wall thickness
at end-diastole, both thickness values were
significantly higher using the subcostal approach
(11% and 14%, respectively; p<0-05). The correlation
was better for posterior wall thickness (r=060) and
improved normalising posterior wall thickness by the
end-diastolic value of D:Hp/Dd (r=0-68). As a
mathematical consequence, the corresponding values
of the shortening and thickening fractions correlated
poorly.

VOLUMES AND MASSES (Table 2)
Similar results were found for end-diastolic and end-
systolic left ventricular volumes, directly computed

800 1000 from the corresponding D valves. A slight but not
significant tendency was noted from the subcostal
approach to overestimate volumes and to underesti-
mate ejection fraction, and cardiac and stroke in-
dexes. As expected from values of septal and posterior
wall thickness, the values for myocardial volume (Vw)
and normalised myocardial volume were significantly
higher using subcostal echocardiography (21% and
13%, respectively; p<0-02). Significant correlations
were found only for end-diastolic volume (EDV) and

800 1000 Vw/EDV (y=0-7x+41 with r=0-59 and y=0-9x+0- I
with r=0-64).

VELOCITIES
Peak normalised velocities during the systolic and the
diastolic periods were compared for each subject
using parasternal and subcostal approaches (Table 3).
Peak velocities of left ventricular diameter shortening
and wall thickening were not significantly different.

riables for left Peak velocities during diastole were significantly
ind for its lower using subcostal examination: 16% for left ven-
'ive consecutive tricular filling rate (p<0-005), -200/o for posterior

wall thinning rate (p<0-01), and -30% for septal

Table 1 Left ventricular dimensions

Vanables Parasernal Subcostal Mean Correlation
mean t SD mean t SD variation "r" value

End-diastolic diameter (Dd) (mm) 500t 5.-16 51-5±6-4 NS 0 59
End-systolic diameter (Ds) (mm) 32-8t3-9 346±5-8 NS 0.53
End-diastolic posterior (or lateral)

wall thickness (Hp) (mm) 5.9±1-4 6-7+1-8 11%* 0-6
End-diastolic septal

thickness (Hs) (mm) 5-2+1-3 6ItI-12 14%* NS
Hs/Hp 0-9±0-1 0.9±0.1 NS NS
Hp/Dd 0- 12±0.02 0.13±0-04 NS 0.68
Shortening fraction (%) 34.5±3.7 33-1+5-2 NS NS
Posterior wail thickening

fraction (%) 161±50 142±64 NS 0-53
Septal thickening fractions (%) 93±26 77+30 NS NS
*p < 0-05.
Shortening fraction = (Dd-Ds)/(Dd); posterior (or lateral) thickening fraction = (end-systolic Hp-end-diastolic Hp)/(end-diastolic Hp);
septal thickening fraction = (Hses)-Hs¶ed))/(Hs(ed)).

150
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Fig. 2 Graphic representation ofcakulated vat
vtrikclar.internal diameter (D) (upper panel) a
logarithmicfirst derivative (Dld) (Iower panel). F
ccles are superimposed.
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Table 2 Volumes and masses

Variabls Parasternal Subcostal mean Correlation
mnean ±.SD mean ±SD variation "lr" value

End-diastolic volume (ml) 126±30 136±38 NS 0.59
End-systolic volume (ml) 49±14 56±21 NS NS
Ejection fraction (%) 61-4±4-8 59-5±7.4 NS NS
Myocardial volume (ml) 75.7±27 94 5±28 5 21%*** NS
VwIEDV 0.59±0.12 0-67±0-18 13%**0.64
Cardiac index (Vmin perm2) 3.5±0.9 3.3±0.7 NS NS
Stroke indexml/m2 44±9 45±11 NS NS
**p<0.02.
***p<0.01.
Vw, myocardial volume; EDV, end-diastolic volume.

Table 3 Velocty measuremns

Variables Parasternal Subcostal Mean Correlation
mean ± SD mean ± SD variation "r" value

V (D) max, systole/s 2-3±0-3 2.2±0.3 NS NS
V (Hp) max, systole/s 5-7±1-5 5.2±+19 NS 0.72
V (Hs) max, systole/s 5-5±1 49±1-5 NS NS
V (D) max, diastole/s 3-56±0.83 3-08±0.71 -16%**** 0.65
V (Hp) max, diastole/s 9-37±2.58 7-78±2.31 -20%*** NS
V (Hs) max, diastole/s 6.64±2.58 5-12±1.87 -30%**** NS

***p<0O0l.
****p<0.005.
Abbreviations as in Tables 1 and 2.

thinning rate (p<0-005). Significant correlations were
only found for peak posterior wall thickening rate
(y=09x+01, r=0-72) and for peak left ventricular
filling rate (r=065).

Discussion

We obtained high quality subcostal echocardiograms
in 700/o of a normal healthy population. Starling et
al. ,3 in their study, included older patients (mean 50
years) and with different cardiac diseases. In spite of
that, they were able to make measurements of left
ventricular dimension in 63% of their subcostal
echocardiographic recordings. Thus, it seems that the
feasibility of subcostal echocardiography does not
depend upon the age of the subject or on the presence
of cardiac disease, but its success rate is lower than in
the standard parasternal echocardiography. In 7% of
the patients in the study of Starling et al.,3 however,
only the subcostal view was available. This may be
explained by the fact that their population was older,
probably with a higher frequency of hyperinflation
and lung disease which impedes a parasternal
approach. We obtained good parasternal echocardio-
grams in all 19 subjects.
To obtain an ideal method of comparison between

the two approaches, the ultrasonic beam should be
directed, in the subcostal approach as in the paraster-
nal one, in such a way as to intersect the longitudinal
axis perpendicularly at-the level of the chordae ten-
dineae. In our experience, however, based on cross-

sectional echocardiography, this is especially
difficult in the subcostal view, because the recorded
diameter frequently defines an angle with the true left
ventricular internal diameter: the wider the angle, the
greater the overestimation. This may explain the
slightly higher values of left ventricular internal
diameters found in the subcostal technique compared
with the parasternal view, even if no statistical
significance could be shown. The low value, however,
may be the result of the homogeneity of the study
population and the narrow range of values. For the
same reasons, the cavitary end-diastolic and end-
systolic volumes (directly calculated from the diam-
eters) were slightly but not significantly higher in the
subcostal group than in the parasternal one, and again
did not correlate well. Similarly, the shortening frac-
tion, the ejection fraction, and the cardiac index were
slightly but not significantly lower in the subcostal
group than in the parasternal one, and again did not
correlate well.

Starling et al.3 compared the left ventricular
echocardiographic volumes with those measured from
angiography and found good correlation between
them; no data are available, however, from this study
about the direct comparison between the two
echocardiographic techniques with respect to the left
ventricular volumes. In spite of that, they concluded
that the subxiphoid echocardiographic technique was
comparable to the standard left parasternal approach
for estimating left ventricular size. Our volume data
did not show a good correlation between the two
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techniques. Starling et al. included four patients with
a large left ventricle (end-diastolic diameter 55 mm)
and this may explain in part their correlation, since
the more dilated the left ventricle, the more spheric
the cavity, with a narrower angle between the true and
recorded left ventricular short axis diameter. These
patients also influence the regression curve.
The angulation problems might not be the sole fac-

tor in the overestimation of the left ventricle from the
subcostal view since anatomical differences may exist
between the structures visualised in the parasternal
and subcostal examinations, and are particularly criti-
cal for the comparison between parasternal and sub-
costal wall thickness values. From the study of
Greenbaum et al.,'4 dealing with myocardial architec-
ture of the different left ventricular regions, it appears
that the lateral wall thickness (measured after dissec-
tion) was 14% higher than the posterior wall. These
findings would be consistent with our results: using
the subcostal approach we found an overestimation of
septal and posterior wall thickness and myocardial
volume of 14%, 11%, and 21%, respectively. The
angulation problems already discussed may also have
a significant influence in the discrepancy between
the corresponding thickness values using both
approaches. When posterior wall thickness was nor-
malised for the end-diastolic D value, difference was
no longer significant and there was a fair correlation
between these parasternal and subcostal variables
(r=0.68). The influence of this normalisation was
probably to minimise the overestimation and the vari-
ability caused by the angulation problem, since we
augmented the numerator (septal wall thickness) as
well as the denominator (end-diastolic diameter) by
the same factor of error. The same reasoning can be
applied to the normalisation of myocardial volume by
end-diastolic volume.
Few data have been published about the study of

instantaneous left ventricular velocities; we should
mention, however, that our ranges of posterior wall
thinning and thickening velocities and peak left ven-
tricular filling rate (in the classical parasternal
approach) overlap the ranges of those same variables
given by Traill et al.6 (Table 4). It is interesting that
left ventricular internal diameter velocity changes
showed a tendency to underestimation when the sub-
costal approach was used. With respect to velocity
measurements, the most striking and significant mean

Table 4 Instantaneous velocities in our study and that of Traill
et al.6

Vanables Rein et al Traill et a6

V (D) max, diastole/s 144±39 160±30
V (Hp) max, systole/s 48±12 46±12
V (Hp) max, diastole/s 94±31 107+17

Abbreviations as in previous taDles.

25

variations between the two methods appeared for the
diastolic peak rates of septal and posterior wall thin-
ning. Thus, it seems that the peak rate of lateral wall
thinning is 20% lower than the peak rate of posterior
wall thinning. The maximum velocity for the lower
septum is also 30% lower than for the upper septum.

In summary, the lack of correlation between the
parasternal and subcostal echo methods in our popu-
lation implies that the subcostal approach cannot be
used interchangeably with the standard parasternal
echocardiography. The given subcostal normal values
for classical left ventricular size and function as well as
the computer derived measurements for instantane-
ous cavity and wall velocity will, however, probably
prove very useful for an accurate analysis of lateral left
ventricular wall motion, which is not readily available
from the parasternal view. The subcostal approach is
thus not an alternative but a complementary method
of investigation to standard M-mode parasternal
echocardiography; the additional information may be
of particular importance in patients with coronary
artery disease and left ventricular asynergy.
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