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Computer analysis of cross sectional echocardiogram
for quantitative evaluation of left ventricular asynergy
in myocardial infarction
JUNICHI FUJII, HITOSHI SAWADA, TADANORI AIZAWA, KAZUZO KATO,
MORIO ONOE, YOSHINORI KUNO

From the Cardiovascular Institute, Minato-ku, Tokyo, and the Institute of Industrial Science, University of Tokyo,
Japan

suMMARY Left ventricular asynergy in myocardial infarction was assessed quantitatively by compu-
ter analysis of the cross sectional echocardiogram.

Short axis cross sectional images of the left ventricle at the levels of the mitral valve, papillary
muscle, and apex were recorded by a phased array sector scanner in 30 patients with healed myocardial
infarction and 15 normal controls. Endocardial and epicardial short axis images of the left ventricle
were transferred from video tape to a minicomputer through the interface circuits, then digitised and
processed automatically by a minicomputer. Automatic edge detection of the endocardial and
epicardial wall was performed by applying sequential steps including smoothing, second derivative
technique, dynamic thresholding, and approximation of boundaries by a spline curve. To quantify
regional wall motion, the short axis cross sectional left ventricular wall of each level was divided into
eight octants with eight axes at 450 angles from the initial standard axis which was constructed from the
geometric centre of the end diastolic left ventricular cavity to the posterior end of the right side of the
interventricular septum. Segmental hemiaxis, segmental area, segmental wall thickness, and those
changes during cardiac cycle were measured and calculated in each segment automatically by a
computer. Regional contractility of the left ventricle was evaluated by percentage systolic changes of
the segmental hemiaxis, area, and wall thickness.

These values were significantly reduced in the infarcted left ventricular wall as defined by left
ventriculography and electrocardiography. Moreover, percentage hemiaxis changes obtained by
quantitative left ventriculography described by Herman and colleagues correlated well with those
using our analytical method of cross sectional echocardiography in the corresponding segments.
The geometric centre of the left ventricular cavity determined by the computer moved slightly

towards the anterior wall during systole in normal subjects, possibly reflecting the anterior swinging
motion of the heart. The geometric centre of the left ventricular cavity in myocardial infarction moved
towards the infarcted wall, showing that the floating reference system was inferior to the fixed
reference system for the quantification of abnormal wall motion in myocardial infarction.

In conclusion, a computer analysis of the short axis cross sectional echocardiogram of the left
ventricle using the fixed reference system has shown its ability to evaluate left ventricular contraction
abnormalities, especially systolic wall thickening, which is relatively free of arbitrary interpretation of
the wall motion caused by the anterior swinging motion of the heart.

It is well known that left ventricular wall motion ties are important determinants of left ventricular
abnormalities are present in patients with myocardial function.
infarction, and the nature and extent of the abnormali- Left ventricular cineangiography has long been used

to evaluate left ventricular contraction abnormalities
Requests for reprints to Dr Junichi Fujii, Cardiovascular Institute, but the procedure is not without risk, especially in
7-3-10 Roppongi, Minato-ku, Tokyo 106,Japan. severe left ventricular dysfunction or acute myocardial
Accepted for publication 15 March 1983 infarction, and repeat studies are not often performed.
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Table 1 Clinical and angiographicfindings
Case No. Age (y) Sex Site of infarct Angio EF Abnormal contractions Diseased vessels (lesions 75%)

1 41 M N 0-72 N N
2 35 M N 0 71 N N
3 46 M N 0-74 N N
4 40 M N 0 72 N N
5 58 M N 0-76 N N
6 46 M N 0-72 N N
7 44 M N 0 73 N N
8 49 M N 0-80 N N
9 58 M N 0-78 N N
10 62 F N 0 80 N N
11 69 M N 0 69 N N
12 57 M N 0 57 N N
13 23 F N 0 71 N N
14 29 M N 0-52 N N
15 46 F N 061 N N
16 60 M AS 0 62 H (2, 3) A (6) LAD
17 63 M AS 0-61 H (2, 3, 6) LAD
18 47 M AS 0 44 A (6) D (2, 3) LAD
19 52 M AS 0-58 D (2, 3, 6) LAD
20 35 M AS 0-41 D (2, 3, 6) LAD
21 61 M AS 0 59 A(2,6)D(3) LAD
22 58 M AS 0 44 A (6) D (2, 3) LAD
23 53 M AS 0-63 H (2, 3) LAD
24 62 M AS 0-48 H (3, 6) A (2) LAD
25 40 M AS 0-63 H (2, 6) A (3) LAD
26 52 M AS 0 47 A (2) D (3, 6) LAD, D227 41 M AS 0 48 A (2, 6) D (3) LAD, Di28 54 M AS 0-58 H (2, 3, 6) LAD
29 63 M AS 0-65 H (2, 6) A (3) LAD, D,
30 54 M AS 0-45 A (6) D (2, 3) LAD, D LCX
31 58 M IP 0-56 A (4, 5, 7) RCA, LAD
32 52 M IP 0 61 H (3, 4) A (5, 7) RCA
33 58 M IP 0 54 H (3, 6) A (4, 5, 7) RCA
34 59 M IP 0-60 H (2, 3) A (4, 5, 7) RCA
35 47 M IP 0 55 H (2, 3) A (4, 7) LCX, LAD
36 59 M IP 0 53 A (3, 4, 5, 7) RCA
37 58 M IP 0-62 H (4, 5) A (7) RCA, LCX
38 46 M IP 0-72 H (2, 4, 7) RCA
39 63 F IP 0-58 H (4) A (7) RCA, LCX
40 63 M IP 0-71 H (4) A (5) RCA
41 40 M IP 0 57 H (3, 4, 5, 7) LCX
42 52 M IP 0-52 H (3, 4, 5) A (7) RCA, LCX, D
43 50 M IP 0-61 H (4) RCA, LCX
44 56 M IP 0-66 H (3, 4, 5, 7) RCA
45 49 M IP 0-63 H (5, 7) RCA
(Mean±SD) Age: N (49±13) AS (53±9) IP (54±7). Angio EF: N (0 69±0 08) AS (0 54±0 09) IP (0 60±0 06). N, normal; AS, anteroseptal
infarction; IP, inferoposterior infarction; H, hypokinesis; A, akinesis, D, dyskinesis (numbers 1-7 show AHA 7 segments6). Significant coronary
occlusive disease was defined as a narrowing of more than 75% of the lumen diameter. LAD, left anterior descending coronary artery; LCX, left
circumflex coronary artery; RCA; right coronary artery; Angio EF; ejection fraction measured by left ventriculography.

Cross sectional echocardiography is non-invasive,
may be repeated frequently, and offers a method of
quantitative analysis of wall motion abnormalities. A
few approaches have been reported,'-5 but as yet no
standard quantitative technique has been established
for the regional analysis of cross sectional echocardio-
graphic images.

This study was designed to assess a computerised
method of analysis of cross sectional echocardiograms
in patients with myocardial infarction with particular
reference to the quantitative analysis of regional wall
motion abnormalities.

Patients and method

were 41 men and four women, aged 23 to 69 (mean
age 52) years (Table 1). The sites of infarction were
anteroseptal in 15 and inferoposterior in 15, all of
which were confirmed by diagnostic electrocardio-
graphic findings, left ventriculography, and coronary
angiography. Abnormal wall motion was observed in
at least two of segments 1, 2, 3, 6 of AHA
classification6 in anteroseptal infarction and in at least
two of segments 4, 5, 7 in inferoposterior infarction.
Abnormal wall motion was defined qualitatively
according to the terminology of Herman et a17 by two
cineangiographers. Left ventricular cineangiography
and coronary angiography were performed by a stan-
dard technique and those results are shown in Table
1.

Thirty patients with healed transmural myocardial Short axis cross sectional images of the left ventricle
infarction and 15 normal subjects were studied. There at the levels of the mitral valve, papillary muscle, and
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Computer analysis ofcross sectional echo in infarction
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Fig. 1 End diastolic and end systolic short axis images ofthe kft venticle at the levels ofthe
mitral valve (MV), papillary musck (PM), and apex (AP). Numbers in the tracings show
the locaton ofAHA seven segments used in kft ventnculography.6

apex were recorded at end diastole and end systole by
using a phased array sector scanner (ALOKA SSD-
800) and video recorder (Sony), simultaneously with
the electrocardiogram and phonocardiogram (Fig. 1).
Technically adequate images for cross sectional
echocardiographic measurement were obtained in
about 70% of patients with myocardial infarction by
angling or moving the transducer. The onset of the
QRS complex and aortic component of the second
heart sound were used as markers of end diastole and
end systole, respectively. Recordings of cross sectional
echocardiograms were performed within 24 hours of
the time of left ventriculography.
The short axis cross sectional images of the left

ventricle at each level at end diastole and end systole
were transferred from video tape to a minicomputer
through the interface circuits using a Video Motion
Analyzer (Sony), then digitised, and processed auto-
matically by a minicomputer. Each digitised image
consisted of 256 x 256 pixels of 256 values. A
minicomputer (HP 2100, HP 2112) executed the
principal programs and image processing.
IMAGE PROCESSING TECHNIQUE
Automatic edge detection of the endocardial and
epicardial wall was performed by applying sequential
steps as shown in Fig 2. Smoothing was performed by
replacing each pixel with average grey level values of

the neighbouring 5 x 5 pixels (procedure 2 in Fig. 2).
The rationale of edge detection depended on the
assumption that the abrupt changes of the grey level
occurred at the boundary and the points with the
maximum gradient value are boundaries of the left

1 Digitisation of video signal

I
2 Smoothing

3 Edge extraction 4 Decision of grev level threshold
for echo signal
(Dynamic thresholding)

5 Extraction of echo edge
by logical product of the aboves

I
6 Determination of echo region by

extracting brighter region than echo edge

7 Extraction of candidates for the points
on the boundaries

8 Extraction of points making up convex figure

9 Approximation of outlines by a spline curve

I
10 Calculation of voriobles

Fig. 2 Flow chart of the computer image processing ofthe cross
sectional echocardiogram.
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F'ig. 3 Dgttisaton of the end diastolic short axis image of the
left venticle at the papillary muscle level and its display on
cathode ray tube.
ventricular wall. The digitised image was subdivided
into 256 small square regions with a side of 16 pixels.
Then, differences in the sum of grey level values bet-
ween upper and lower sides and between right and left
sides of a subdivided square region were measured in
each square region. The presence of more than a 64
grey level difference among either of the two values
led to the decision that the edge exists in its square
region and the threshold of grey level for the detection
of pixels on the edge was determined as average grey
level values of the two sides with a larger grey level
difference (procedure 3). On the other hand, the
smoothed edge was also subdivided into 49 square
regions with a side of 64 pixels, and the grey level
threshold for detecting echo signals was determined
by an automatic threshold selection method based on
the discriminant and least squares criteria (procedure
4). The details of this method were reported by
Ohtsu.8 Among edges determined by procedure 3,

Fig. 4 Edges determined by sequential steps ofsmoothing, edge
detection, decision ofgrey level thresholdfor echo signals, and
detection ofthe edge that satisfies the threshold for echo signals.

Fig. 5 Extraction ofcandidatesfor points on endocardiu
epicardial outlines perfortned after procedure 6 in Fig. 2.

those that satisfy the threshold determined by proce-
dure 4 were detected as echo edges (procedure 5).
Then, the echo region was extracted by detecting
brighter pixels than echo edges determined as men-
tioned above (procedure 6). From many candidate
points on endocardial and epicardial outlines, only the
points that satisfied the following criteria were
selected as the most likely candidates for points on the
boundaries of the left ventricular wall (procedure 7).
The first one was an outline which was generally
smooth without any abrupt deviations of curvature.
The second one consisted of outlines that did not
cross. Best fit contours of endocardial and epicardial
edges were drawn by fitting a spline through these
points (procedure 9), after extraction of points mak-
ing up the convex figure (procedure 8). Protruding
echoes of trabeculae or papillary muscle were
excluded in this procedure. Fig. 3 shows the digitised
image of an end diastolic short axis view of the left
ventricle at papillary muscle level. Fig. 4 shows the
edge determined by sequential steps of smoothing,
edge extraction, decision of grey level threshold for
echo signals, and detection of edge which satisfy this
threshold. Extraction of candidate points on endocar-
dial and epicardial outlines was performed after pro-
cedure 6 (Fig. 5). Fig. 6 demonstrates best fit con-
tours of endocardial and epicardial edges selected
using a spline fitting technique after procedure 8.
To quantify regional wall motion, short axis cross

sectional images of the left ventricle were divided
automatically into eight octants with eight axes at 450
angles from the initial standard axis which was
constructed from the geometric centre of the end
diastolic left ventricular chamber to the posterior end
of the right side of the interventricular septum (fixed
axis method) (Fig. 7). End diastolic and end systolic
segmental hemiaxis (Dd, Ds), segmental area (Ad,
As), segmental wall thickness (Thd, Ths), and changes
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Computer analysis ofcross sectional echo in infarction

Fig. 6 Bestfit contours ofendocardial and epicardial edges
deternined b!y a splinefitting technique, using procedure 8 in Fig. 7 Plan ofeight octants and computer measurements of
Fig. 2. segmental hemiaxis (D), area (A), and wall thickness (Th). G is

the centre ofgravity ofend diastolic left ventricular cavity
during the cardiac cycle were measured and calculated
by the computer in each of septal (S1, S2), anterior
(A1, A2), lateral (L1, L2), and posterior (P1, P2)
segments (Fig. 7). Regional contractility of the left
ventricular wall was evaluated by systolic percentage
changes of segmental hemiaxis, segmental area, and
segmental wall thickness, measured as (Dd-Ds)/Dd,
(Ad-As)/Ad, and (Ths-Thd)/Thd in each octants.

Regional contractility of the left ventricular wall
was also quantified from 35 mm right anterior oblique
cineangiograms using the hemiaxis approach of Her-
man et al7 (Fig. 8). Percentage hemiaxis changes from
the left ventriculogram were compared with those
from the cross sectional echocardiogram in the cor-
responding segments.

Results

QUANTITATIVE ANALYSIS OF LEFT VENTRICULAR
SEGMENTAL WALL MOTION BY COMPUTER
ANALYSIS OF CROSS SECTIONAL
ECHOCARDIOGRAM

Regional wall motion in normal subjects
The mean + one standard deviation (SD) of (Dd-Ds)/
Dd, (Ad-As)/d, and (Ths-Thd)/Thd values in eight
octants at three levels in 15 normal subjects are shown
in Table 2. (Dd-Ds)/Dd and (Ad-As)/Ad values in the
anteroseptal wall (S1 S2 Al A2) at the mitral valve and
papillary muscle levels tended to be lower than those
in the posterolateral wall (L1 L2 P1 P2). These values
in apex level, however, showed wide variations with
large standard deviations. On the other hand (Ths-
Thd)/Thd values did not show any tendency to be
lower in the anteroseptal wall than in the posterolat-
eral wall, in contrast with (Dd-Ds)/Dd and (Ad-As)/
Ad values. Measured values in the apex level, how-

determined by the computer. Initial standard axis (S) was
constructedfrom G to the posterior end ofthe right side ofthe
intementricular septum.

ever, showed considerably wide variations (Table 2)
and were excluded from this study.
The mean value ± 2 SD was considered to be

within the normal range in each measurement except
in the apex level, as shown with two solid lines in
Figs. 9 and 10.

Regional wall motion in myocardial infarction
Fig. 9 shows (Dd-Ds)/Dd, (Ad-As)/Ad, and (Ths-
Thd)/Thd values of eight octants at three levels in
patients with anteroseptal infarction. (Dd-Ds)/Dd and

Fig. 8 Plan of the hemiaxis approach ofHernan et al7from
the right anterior oblique cineventriculogram. Tracings ofend
diastolic and end systolic left ventricular cavity and six hemiaxes
(RI-R6) were shown. Regional contractility is quantified by
(Rd-Rs)lRd value. Rd: end diastolic hemiaxis, Rs: end systolic
hemiaxis (dotted line).
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Table 2 Mean ±+one standard deviation (SD) of(Dd-Ds)IDd, (Ad-As) lAd, and (Ths-Thd)IThd values in eight octants at mitral
valve (MV), papillary muscle (PM), and apex (AP) sections in 15 normnal subjects
Variables Segments

Si S2 Al A2 LI L2 pi P2

MV section
(Dd-Ds)/Dd 0-21±0-06 0-22±0-05 0-28±0-07 0-34±0-08 0-38±0-11 0-41±0-13 0-36±0-11 0-29±0-08
(Ad-As)/Ad 0-38±0-09 0-39±0-09 0-47±0-09 0-56±0-10 0-60±0-12 0-63±0-14 0-58±0-12 0-49±0-11
(Ths-Thd)/Thd 0-40±0-18 0-24±0-09 0-28±0-15 0-28±0-11 0-25±0-11 0-32±0-11 0-33±0-12 0-31±0-10

PM section
(Dd-Ds)/Dd 0-30±0-05 0-25±0-05 0-27±0-08 0-31±0-05 0-37±0-08 0-41±0-08 0-41±0-08 0-35±0-08
(Ad-As)/Ad 0-51±0-07 0-43±0-08 0-47±0-09 0-53±0-07 0-60±0-08 0-63±0-10 0-64±0-10 0-56±0-08
(Ths-Thd)/Thd 0-33±0-13 0-23±0-09 0-26±0-10 0-26±0-10 0-32±0-12 0-29±0-11 0-37±0-13 0-32±0-14

AP section
(Dd-Ds)/Dd 0-34±0-08 0-30±0-08 0-33±0-08 0-45±0-12 0-42±0-08 0-40±0-07 0-37±0-08 0-37±0-06
(Ad-As)/Ad 0-56±0-10 0-50±0-11 0-55±0-09 0-67±0-13 0-65±0-08 0-64±0-07 0-62±0-07 0-60±0-07
(Ths-Thd)/Thd 0-38±0-25 0-24±0 19 0-23±0-12 0-29±0-21 0-09±0-16 0-28±0-26 0-20±0-12 0-20±0-19

(Ad-As)/Ad values in S2 Al of the mitral valve section
and Si1 S2 Al1 of the papillary muscle section, and (Ths-
Thd)/Thd values in S2 Al of the mitral valve section
and S2 Al1 A2 of the papillary muscle section were
significantly lower than those in normal subjects.
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Fig. 9 (a) (Dd-Ds)/Dd, (b) (Ad-As)IAd, and (c)
(Ths-Thd)iThd in eight segments at the mitral valve (MV),
papillary muscle (PM), and apex (AP) sections in is patients
with anteroseptal infarction. The limtits on the tops of the bars
correspond to one standard deviatin (SD) and the two lines show
mean ±2 SD of normal values, which showv normal range.
Closed circles show statistically sign#'icant decrease (p <0-Of)
and open circles showv p <04)5.

On the other hand in inferoposterior infarction,
(Dd-Ds)/Dd, (Ad-As)/Ad, and (Ths-Thd)/Thd values
in L2 P1 P2 of the mitral valve section and L2 P1 P2
SI of the papillary muscle section were significantly
lower than those in normal subjects, as shown in Fig.
10.
These values were significantly reduced in the seg-

ments nearly corresponding to the infarcted areas
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(Ths-Thd)lThd in eight segments at the mitral valve (MV),
papillary muscle (PM), and apex (AP) sections in 15 patients
with inferoposterior infarction.
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Computer analysis ofcross sectional echo in infarction

documented by cineventriculography, coronary angio-
graphy, and electrocardiography. Some of the
measured values in infarcted segments were negative,
showing the outward movements (bulged out) of the
infarcted wall.

Comparison between (Dd-Ds)lDd and percentage
hemiaxis changes by right anterior oblique
cineVentriculography7
Fig. 11 shows the relation between (Rd-Rs)/Rd and
(Dd-Ds)/Dd in the corresponding segments. RI cor-
responds to A1-2 (mitral valve) in location, R2 to A1-2
(papillary muscle), R3 to AI-2 (apex), R4 to P1-2
(apex), RS to P1-2 (papillary muscle), and R6 to P1-2
(mitral valve), respectively (Fig. 7 and 8). (Rd-Rs)/Rd
values correlated well with (Dd-Ds)/Dd values in the
corresponding segments, with correlation coefficients
of 0-87-497 (p<0001).

MOTION OF GEOMETRIC CENTRE OF LEFT
VENTRICULAR CHAMBER DURING CARDIAC CYCLE
IN NORMAL SUBJECTS AND MYOCARDIAL
INFARCTION
Figs. 12-14 show the motion of the geometric centre

145
of the left ventricular cavity during systole in normal
subjects and those with myocardial infarction. The X
axis is the initial reference axis of the left ventricular
short axis image, the Y axis is the axis intersecting the
X axis at right angles, and the intersecting point is the
position of the geometric centre at end diastole.
Therefore, the first quadrant (Al, A2) corresponds to
the anterior area, the second quadrant (LI, L2) to the
lateral area, the third quadrant (P1, P2) to the post-
erior area, the fourth quadrant (SI, S2) to the septal
area, respectively. Each dot in the figures shows the
position of the geometric centre at end systole.

In normal subjects, the geometric centre of the left
ventricular cavity at three levels moved only 0 to 4
(mean 2) mm towards the anteroseptal wall from end
diastole to end systole (Fig. 12). In comparison, in
myocardial infarction there was a movement towards
the infarcted wall. In anteroseptal infarction, the
movement was 2 to 8 (mean 4) mm to the anteroseptal
wall which is significantly larger than normal (Fig.
13). On the other hand in patients with inferopos-
terior infarction, the movement was 2 to 9 (mean 5)
mm towards the inferoposterior wall, contrasting with
normal and anteroseptal idfarction (Fig. 14).
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Fig. 11 Relations between (Rd-Rs)IRd and (Dd-Ds)IDdin 15 normal subjects (open circle), 15 patients with anteroseptal infarction
(closed circle), and 15 patients with inferoposterior infarction (closed triangle) in the corresponding segments. Regression line (solid
line) and identity line (doted line) are shown.
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Discussion

Quantitative analysis of regional wall motion provides
a useful method for assessing the severity and extent of
myocardial ischaemia and infarction, determining a
prognosis and evaluating the effects of interventions
including exercise and pacing.

Left ventricular cineangiography detects wall
motion abnormalities and several approaches for
quantitative analysis of angiographic images have also
been reported.7 ' 10 Angiography, however, is not only
an invasive method, but also can display only image
boundaries orthogonal to the field of view. In contrast,
cross sectional echocardiography provides a more
extensive image of the left ventricle around its entire
circumference at multiple sectional levels non-
invasively and can easily determine myocardial
thickness.
Changes in segmental hemiaxis, segmental area, and

segmental wall thickness in each octant corresponding
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to the infarcted area documented by left ventricular
cineangiography and electrocardiography were signifi-
cantly lower than normal values and fell more than two
standard deviations below the mean values established
in 15 normal subjects.
Measured values of (Dd-Ds)/Dd and (Ad-As)/Ad by

our analytical method are lower in anteroseptal
segments than in posterolateral ones in normal subjects
when the fixed reference point of the geometric centre
ofend diastolic left ventricular cavity is used, reflecting
anterior swinging motion of the whole heart during
systole. This swinging motion of the entire heart
during systole is also confirmed by the fact that the
geometric centre of the left ventricular cavity shifts a
little towards the anteroseptal wall during systole.
Nevertheless, the regional contractility of the left
ventricular wall can be evaluated by comparing these
values reflecting the net systolic motion of the heart
with the normal range obtained in normal subjects.
Moreover, (Rd-Rs)/Rd obtained by a generally ac-
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Fig. 12 Motion ofthe geometric centre ofleft ventricular chamber during systole in 15 normal subjects. X axis is the initial reference
axis. Y axis is the axis intersecting theX axis at a 90° angle. The intersecting point (0) is the position of the geometric centre at end
diastole. Closed circles show the position ofthe geometric centre at end systole. Thefirst quadrant corresponds to the anterior area (Al,
A2), the second one to the lateral area (LI, L2), the third one to the posteriorarea (P1, P2), thefourth one to the septal area (SI, S2).
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Computer analysis ofcross sectional echo in infarction

MV level

0 0

PM level

+5 lmm}

*5 (mm) .5km)

* 0

0.

AP (evel

*5 (mm)

0 +5 1+mm) -5

0

+5 lmm)

* * -55 rmi --5 (mm) -5 rmm)

Fig. 14 Motion of the geometric centre of the left venicular catity dunng systole in 15 patients with inferoposterior infarction.

cepted method of quantitative left ventriculography7
correlated well with (Dd-Ds)/Dd in the corresponding
segments, though no gold standard has been estab-
lished for the regional analysis ofleft ventriculographic
images. Therefore, our analytical method using cross

sectional echocardiography and a fixed reference
system is considered to be available and useful in a

clinical setting.
In addition, we should emphasise the findings about

depressed wall thickening in patients with myocardial
infarction. Measurements of systolic wall thickening
are relatively free of arbitrary interpretation caused by
using a fixed reference system to measure wall motion,
and echocardiography is the only technique by which
measurement of wall thickness can be obtained.
The gravity centre shifts towards the infarcted wall

during systole in patients with myocardial infarction,
showing that the floating axis method is inferior to the
fixed axis method for the quantification of abnormal
regional motion in myocardial infarction.
There are still some unsolved problems. First, we

should record cross sectional echocardiograms with an
appropriate gain setting for detecting the edge close to
the anatomical endocardial and epicardial edge. Repro-
ducibility of this computer method to measure

segmental hemiaxis, area, and wall thickness of the
short axis cross sectional echocardiogram recorded
with the best gain setting was excellent. When two
successive beats in 20 patients in this study group were
measured, variabilities of measured values by our

computer method were within 7-4%. Second, the
inside of the endocardial and epicardial echoes was

traced automatically by the computer, implying that
the trailing edge of the echoes along the anterior part
of the ventricle and the inner border of the echoes in
the lateral walls were traced. Therefore, the cavity
area detected by this method probably underestimates

that based on a truly anatomical boundary. The echo
pulse width and beam width of our instrument are,

however, considerably small. Moreover, the degree of
underestimation is considered to be almost the same

in each patient. Third, we applied a fixed axis method
for quantification of regional contractility of the left
ventricle. Validity of the fixed axis method is still con-
troversial. Theoretically, measurement of systolic wall
thickening is relatively free of arbitrary interpretation
caused by using a fixed reference system to measure
wall motion, and echocardiography is the only techni-
que by which measurement of wall thickness can be
made. Much better resolution of the instrument
should be required, to measure the left ventricular
wall thickness accurately because systolic changes in
thickness are relatively small. Fourthly, the measured
values in the apical segments were variable with a

large standard deviation. Because the apex is a small
portion of a deformed chamber with a large motion,
one cannot accurately measure apical segments by our

analytical method.
Fifthly, the amount of time required for analysing a

single cardiac cycle by our method was about 30
minutes. Real time computerisation of the cross

sectional echocardiogram will be necessary.
The use of computers for the analysis of

echocardiographic images can be possible and very
useful to quantify the regional contractility of the left
ventricle in a clinical setting. The computer can

analyse large amounts of data very quickly, subdivide
images to any extent desired, measure areas, and
determine the centre of gravity very easily, and
perform analyses with excellent reproducibility.

In conclusion, this method has shown that left

ventricular contraction abnormalities and changes in

the geometric centre of the left ventricular chamber in

myocardial infarction can be accurately determined.

147

S (niiii)

*t

*0

 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.51.2.139 on 1 F
ebruary 1984. D

ow
nloaded from

 

http://heart.bmj.com/


148

The method is non-invasive and can be repeated safely
at frequent intervals so that the course of left
ventricular disease can be followed.
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