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Asynchronous left ventricular wall motion early
after coronary thrombosis
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SUMMARY To study regional wall motion early in the development of acute myocardial infarction,
left ventriculograms performed in 24 patients before thrombolysis and within 3-5 (1-2) (mean
(SD)) hours of the onset of pain were digitised frame by frame. Isometric and contour plots of
regional wall motion were constructed. In 19 patients (seven with anterior descending, eight with
right, and four with circumflex disease) thrombosis was demonstrated on an underlying stenosis.
In 10 patients the two remaining coronary arteries were normal, and in nine, one or both showed
important disease. Mean values of global indices of left ventricular function, including end
diastolic volume, ejection fraction, peak ejection and filling rates, and cavity shape changes were
all within normal limits, though end systolic volume was significantly raised. Total systolic
amplitude of wall motion was normal in the affected area in all but seven patients (four with
anterior descending, two with right, and one with circumflex thrombosis). Dyskinesis of more
than 2 mm was seen in only three patients, all with thrombosis ofthe anterior descending coronary
artery, and hyperkinesis was present in four. The commonest abnormality of wall motion was
hypokinesis during ejection followed by prolonged inward motion during isovolumic relaxation,
which was seen in four patients with anterior descending, seven with right, and three with
circumflex artery thrombosis. This was preceded by outward motion during isovolumic
contraction and delayed inward motion during ejection in eight with right or circumflex throm-
bosis. Five of six patients without thrombosis had simple hypokinesis or dyskinesis without
asynchrony. Disease of other coronary arteries did not affect the pattern of wall motion seen after
right or circumflex coronary artery occlusion but it reduced the incidence of delayed inward
motion along the free wall after thrombosis of anterior descending artery. Thus early after acute
coronary thrombosis asynchronous wall motion is commoner than simple hypokinesis or
dyskinesis. Its persistence suggests that in the setting of coronary artery thrombosis in man,
residual contractile activity may persist for up to six hours after the onset of symptoms.

Selection of patients who are suitable for throm- of wall motion, the present study was designed to
bolysis and acute revascularisation (for possible examine left ventricular contrast angiograms of
limitation of infarct size) is difficult.1 2 The aim is to patients early after acute myocardial infarction with
identify those in whom there is important particular reference to detecting asynchronous
impairment of regional left ventricular function at a regional wall movement. We hoped that this would
time when it is potentially reversible by re- provide a baseline for assessing the effects of
establishment of coronary flow. Since myocardial procedures designed to limit infarct size and also that
function manifests itself in the amplitude and timing it would be possible to recognise pattems of motion

which would identify regions where function was
impaired but not irretrievably lost.

Requests for reprints to Dr D G Gibson, Cardiac Department, Patients and methods
Brompton Hospital, Fulham Road, London SW3 6HP.
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Asynchronous left ventricular wall motion early after coronary thrombosis

fulfilled standard criteria as potential candidates for
thrombolysis were studied at the University Hospi-
tal, Heidelberg.3 The study was performed 3-5 (1.3)
hours (mean (SD)) (range 0 5 to 7 hours) after the
onset of symptoms. Left ventriculography was
performed in the 30° right anterior oblique
projection as part of the clinical study. An injection
of 40 ml Urografin was given into the left ventricle
at a flow rate of 12 ml/s through a pigtail catheter,
and a cine film was exposed at 50 frames/s. Cali-
bration was established from movement of the cath-
eter tip positioned in the left ventricle when the table
was displaced by 8 cm. Ectopic and postectopic beats
were not studied. Multiple views of the coronary
arteries were then obtained by means of Judkins'
technique.

ANALYSIS OF ANGIOGRAMS
Cavity outlines were digitised frame by frame over
two beats in 18 of the patients and over a single beat
for the remainder.4 A fixed external reference point
on the margin of the cine frame was used through-
out. The timing of aortic valve opening and closure
at the start and end of ejection was established from
direct inspection of the angiogram, from the frame
on which each of these movements was complete.
The timing of mitral valve opening was taken as that
of the frame in which unopacified blood first
appeared within the left ventricular cavity at the
onset of diastole. Left ventricular ejection was taken
as the interval between aortic valve opening and
closure, and isovolumic relaxation as that between
aortic closure and mitral opening.
From the digitised data, plots were made of super-

imposed endocardial cavity outlines-those from the
start of the beat to the outline with the smallest area
being taken as systolic and the remainder as diastolic.
For each frame cavity volume was calculated5 and
plotted as a continuous curve along with its first
derivative from which peak rates of systolic and
diastolic volume change were derived. The interval
from mitral valve opening to the times of registration
of peak filling rate and the end of rapid filling when
the rate had dropped to 20% of its peak level was
also noted. Shape index was calculated as
4x x area/(perimeter)2.6 Ejection fraction was taken
as stroke volume divided by end diastolic volume.

Regional wall motion was demonstrated by
constructing isometric and contour plots for each
beat.4 The method depends on multiple plots of wall
motion against time, derived from 40 equally spaced
points around the circumference of the end diastolic
frame starting from the junction of the mitral valve
with the aortic root. Segments 1-15 thus represent
the inferior wall, 1-5 being the mitral valve, 15-25
the apical region, and 25-40 the free wall of the left

ventricle. Regional wall motion was analysed either
by stacking these individual plots obliquely to give
an isometric display, or by constructing a series of
contours representing 1 mm of inward or outward
movement of endocardium from its position in the
end diastolic frame. Examples are given in Figs. 1-4.
Results from the patients were compared with those
from 20 normal subjects with chest pain, normal
ventricular haemodynamics, and coronary arterio-
grams. From these displays, the following informa-
tion was derived.

(a) Segments in which the overall amplitude of
inward motion during systole lay outside the 95%
confidence limit of normal for the region in question
were identified. Overall systole was here taken as
extending from the time of maximum cavity area to
the onset of mitral valve opening at the start of
ventricular filling. When the amplitude of motion
was below the lower 95% limit, the region was
regarded as showing hypokinesis, and when it was
greater than the upper 95% limit as showing hyper-
kinesis. Wall motion during ejection was considered
in the same way. Dyskinesis was taken as outward
motion of 2 mm or more occurring during ejection,
lasting for at least 100 ms. Specifically excluded from
this definition was transient outward movement
within 50 ms of aortic valve opening followed by
inward motion later in ejection. This latter pattern
was frequently seen in association with disturbances
of isovolumic contraction.

(b) Segments showing abnormal wall motion early
during systole. Two types were recognised. The first
was abnormal (2 mm or more) outward movement of
endocardium during isovolumic contraction and
within the first 50 ms of ejection.7 The second was
significant (more than 3 mm) inward wall motion
during isovolumic contraction.

(c) Segments showing abnormal inward move-
ment during isovolumic relaxation of 2 or more
mm.3

(d) Outward motion of 7 mm or more during
isovolumic relaxation involving segments 25-40
along the free wall.4
The extent of each abnormality was determined

from the number of segments for which values lay
outside the 95% confidence limits of normal. To
study regional velocity of wall motion individual
plots were identified on the anterior wall, at the apex,
and on the inferior wall and displayed separately
along with their first differential with respect to
time.8 From this information the interval between
maximum cavity area and peak rate ofinward motion
was plotted for each of the three segments together
with the spread of values between them-that is the
interval between the earliest and latest registration of
the peak. Similarly, the timing of peak inward
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Table Overall left ventricular function

Group I Group 2 Group 3 Reproducibility Normal
(n=10) (n=9) (n=S) (n=20)

End diastolic volume (ml) 190(66) 180(55) 190(80) 12 150(35)
End systolic volume (ml) 75(28) 70(45) 75(80) 6 32(16)
Ejection fraction (%) 64(7) 60(12) 65(29) 4 66(7)
Peak ejection rate (ml/s) 815(240) 560(135) 680(190) 110 580(210)
Normalised ejection rate s-' 3 9(0 6) 4-0(1-5) 3 8(0 9) 0-6 4-2(1-1)
Peak filling rate (ml/s) 890(390) 480(180) 800(250) 90 690(260)
Normalised filling rate s-' 4-2(0 8) 3-5(1-6) 4-4(1-1)- 0 5 4-2(0-7)
Shape change (%) 16(7) 13(8) 25(11) 3 22(7)

motion and the end of rapid outward motion when
the velocity had fallen to 20% of its peak value were
also measured for each segment with respect to the
timing of mitral valve opening along with the spread
of each between segments. Regions in which the
overall amplitude of motion was 4 mm or less were
not studied, because the first derivatives consistently
failed to show the normal configuration during ejec-
tion and filling and these measurements could not be
made.

ANALYSIS OF CORONARY ARTERIOGRAMS
Coronary arteriograms were examined when the
analysis of wall motion was complete. In 19 of the
patients, one coronary artery was found to be
completely obstructed. The cut off of contrast was
sharp, and when streptokinase was infused a lumen
was re-established. Such an obstruction was taken as
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being due to thrombus, and the affected artery was
noted. The extent of the remaining coronary artery
disease was also recorded. From this information it
was possible to divide the patients into three groups:
group 1-those in whom there was occlusion of a
single coronary artery by thrombus, the other two
vessels either being normal or showing no more than
a trivial stenosis; group 2-those in whom there was
occlusion of a single coronary artery by thrombus,
but an important (more than 75%) lesion of one or
both of the remaining arteries; and group 3-those in
whom no thrombus could be identified but in whom
coronary artery disease was present. Groups 1 and 2
were further subdivided according to which of the
three main coronary arteries was affected by the
thrombus.

STATISTICAL METHODS
Student's t test was used to compare differences

800400
Time (ms)

Fig. 1 (a) Isometric plot of normal angiogram. Accentuated time markers (isochrones) represent aortic opening, aortic
closure, and mitral opening, respectively. The pattern of wall motion is synchronous except in the most inferior segments
where mitral valve motion is recorded. (b) Contour plot of data from Fig. la.
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between mean values. Reproducibility of measures
of overall left ventricular function was established
from measurements made in 18 patients in whom
two beats were of adequate technical quality for digi-
tisation; this was determined as the root mean square
of the difference between the two determinations.

Results

DISTRIBUTION OF LESIONS
Thrombosis of one coronary artery was demon-
strated in 19 patients. Ten of them had no important
disease elsewhere in the coronary tree (group 1), the
thrombosis being in the anterior descending in three,
in the circumflex in two, and in the right coronary
artery in five patients. Of the remainder, in whom
there was important disease elsewhere (group 2), the
thrombosis was in the anterior descending in four,
the right in three, and the circumflex in two. In the
remaining five patients, no clear thrombosis was
demonstrated (group 3); however, important disease
of anterior descending alone was present in three,
anterior descending and circumflex in one, and left
main stem disease in one.

OVERALL LEFT VENTRICULAR FUNCTION
The Table gives measurements of overall left
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ventricular function for the three groups of patients
together with normal values and estimates of
reproducibility from paired determinations. Values
ofend systolic volume were significantly greater than
normal in groups 1 and 2 (p < 005), but otherwise
mean values did not differ significantly from normal,
or from one another. In several cases, however,
values outside the 95% confidence limits of normal
were seen. These included seven in whom end
diastolic volume was greater than the upper limit of
normal, four in group 1, two in group 2, and one in
group 3. End systolic volume lay outside the normal
range in six cases in group 1, three in group 2, and
one in group 3. Ejection fraction was below normal
in only three patients, one in each group. Values of
peak ejection were within the wide limits of normal
in all patients, but peak normalised filling rate was
low in four patients, three in group 2 and one in
group 3; depression in group 2 was statistically
significant compared with normal (p<005). The
extent of overall shape change during the cardiac
cycle was also within normal limits in all except four
patients, one in group 1 and three in group 2.

REGIONAL LEFT VENTRICULAR FUNCTION
Fig. 1 gives examples of isometric and contour
displays from a normal subject. On the isometric
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Fig. 2 (a) Isometric plot of angiogram from a patient with recent right coronary artery thrombosis. Layout as in Fig. 1.
There is abnormal outward motion during isovolumic contraction followed by prolonged inward motion along the inferior
wall during isovolumic relaxation. On the free wall there is abnormal outward movement during isovolumic relaxation.
(b) Contour plot of data from Fig. 2b.
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displays from a normal subject. On the isometric
display the horizontal lines represent the 40 original
plots of wall movement against time, inward
displacement being represented as an upward devi-
ation. The diagonal lines, isochrones, join events
occurring simultaneously on the 40 plots. The three
accentuated isochrones represent the timing of aortic
opening, aortic closure, and mitral opening. The
position in the ventricle from which the plots are
derived is shown on the left. The contour display is
derived from the same information. Each contour
represents 1 mm of inward or outward motion of
endocardium from its position in the end diastolic
frame. The three vertical lines again correspond to
aortic opening, aortic closure, and mitral opening. In
the normal subject, there is no significant wall
motion before aortic valve opening. During ejection,
there is synchronous inward movement of endo-
cardium, shown by the contour lines being almost
vertical except towards the apex. On the free wall
outward motion starts during isovolumic relaxation
and precedes that at the apex or on the inferior wall.
After mitral valve opening, movement is rapid and
synchronous as shown by the closely spaced and
vertical contour lines.
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RIGHT CORONARY ARTERY THROMBOSIS
The right coronary artery was occluded by thrombus
in eight patients, three of whom had important dis-
ease elsewhere (Fig. 2a and b). The general direction
of wall motion can be appreciated on the isometric
plot (Fig. 2a), and the extent and localisation of any
abnormality quantified from the contour display
(Fig. 2b). Wall motion is abnormal in all regions of
the ventricle. On the inferior wall there is 3 mm
outward motion before and immediately after aortic
valve opening over segments 5-10. Inward wall mo-
tion then occurs, but it is delayed and continues
throughout isovolumic relaxation, when 3-4 mm
further inward movement is seen along the entire
inferior wall. The overall amplitude of inward mo-
tion is thus 9-10 mm, well within the 95%
confidence limits of normal, although only 4 mm of
this occurs during ejection. At the apex, there is
akinesis (segments 22-25). Overall amplitude ofmo-
tion is normal along the free wall, but inward motion
starts before aortic valve opening (5 mm in segments
33-40). In addition, during isovolumic relaxation
there is 10 mm outward motion from segments
27-35.

0 200 400 600
Time (rns)

Fig. 3 (a) Isometric plot of angiogram from a patient with recent anterior descending thrombosis. Movement on the
inferior wall is normal, but on the free wall there is dyskinesis during the first half of ejection followed by delayed inward
motion of 5 mm reaching a peak at the time of mitral opening. (b) Contour plot of data from Fig. 3a.
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In the group as a whole, the inferior wall was
hypokinetic in only two, one ofwhom had an ejection
fraction of 33%, while in the remainder the overall
amplitude of inferior wall motion was within normal
limits. Dyskinesis was not seen in any patient with
right coronary artery thrombosis. On the free wall
the amplitude of wall motion was increased in two
patients to 23 and 24 mm (both in group 1) and was
normal in the remainder. During ejection values
were low (between 2 and 4 mm on the inferior wall
in seven patients) and segments 10 (2) to 17 (3) (mean
(1 SD)) were affected in group 1 and 5 (1) to 13 (3) in
group 2. The difference between the overall ampli-
tude of motion and that during ejection reflected
abnormal movement during the two isovolumic peri-
ods. In six out of the eight patients this occurred
during isovolumic contraction and early ejection and
affected segments 9 (3) to 15 (3). At the same time,
early inward movement of endocardium of 4-8 mm
occurred in six patients in the anterior region of the
cavity before aortic valve opening, confirming that
cavity shape was changing during isovolumic con-
traction. Wall movement during isovolumic relax-
ation was also disturbed, with abnormal inward
motion of 2 to 4 mm in segments 8 (3) to 12 (2) being
recorded in seven of the eight patients. At the same
time, abnormal outward movement of 9-13 mm oc-
curred along the free wall in three patients followed
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by abnormal inward movement during filling in one.
Filling was incoordinate, with the timing ofpeak rate
of outward motion showing a mean spread of
105 (70) ms between segments (normal 40 (20) ms),
though that of the end of filling (45 (30) ms) was not
significantly different from normal (43(20)). Peak
rate ofoutward motion along the free wall frequently
occurred before mitral valve opening (mean 10 (70)
ms), while that at the apex followed it by 35 (50) ms
and on the inferior wall by 105 (70) ms. The corre-
sponding figures for normal are 40 (30), 40 (30), and
40 (25) ms after mitral valve opening for the anterior,
apical, and inferior regions respectively.

ANTERIOR DESCENDING CORONARY ARTERY
THROMBOSIS
The pattern of free wall motion after thrombosis of
the anterior descending coronary artery was similar
but not identical to that on the inferior wall after
thrombosis of the right coronary artery (Fig. 3a and
b). Here wall motion is very abnormal, particularly
between segments 24 and 33 where there is 2 mm
dyskinesis during ejection. This is followed by in-
ward movement, starting late in ejection and con-
tinuing throughout isovolumic relaxation to reach a
maximum at the time of mitral valve opening. Nor-
mal outward movement is seen during filling. The
overall amplitude of inward movement is 7 mm, well

200
Time (ms)

Fig. 4 (a) Isometric plot of angiogram from a patient with chronic anterior descending and circumflex disease but without
evidence of thrombosis. Inferior wall motion is normal but apex and free wall are akinetic. There is no evidence of residual
contractile activity. (b) Contour plot of data from Fig. 4a.
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within the normal range for this region. Wall motion
in the inferior part of the cavity is normal, both with
respect to amplitude and to its time relations, and
rapid outward motion of endocardium during ven-
tricular filling is preserved. Thrombosis of the ante-
rior descending coronary artery was seen in seven
patients, four of whom had important disease of the
other coronary arteries. A reduction in the overall
amplitude of systolic wall motion was present at the
apex in four patients and also affected the free wall
in three. Important hypokinesis was seen during
ejection in all. It was maximum along the anterior
free wall and at the apex from segments 15(2) to
25 (3). Its distribution was unaffected by the pres-
ence or absence of disease of the other coronary arte-
ries. Dyskinesis of 2 to 5 mm was seen in two
patients, involving segments 22-29 and 25-29, that
caused an increase to 110 (50) ms in the time interval
over which peak rate of inward movement occurred
(p < 0-01, compared with normal). An increase in the
amplitude of inferior wall motion to 19 mm was seen
in one patient. As after right coronary occlusion, the
time relations of this hyperkinetic motion were nor-
mal. During isovolumic contraction there was no
evidence of the early outward motion of endo-
cardium on the free wall resembling that seen along
the inferior wall after right coronary artery oc-
clusion. During isovolumic relaxation, however, in-
ward motion of 3-5 mm was seen in each of the three
patients with isolated anterior descending coronary
artery disease (segments 23-35, 23-31, and 22-30)
and in one of five in group 2. During filling, outward
wall motion was not incoordinate, as it was in pa-
tients with inferior infarction; the normal pattern
was preserved with peak outward movement follow-
ing mitral valve opening at all three sites. The spread
of the timing of both the peak and the end of rapid
outward motion between regions was also normal.

CIRCUMFLEX CORONARY ARTERY
THROMBOSIS
The disturbance to wall motion after circumflex oc-
clusion closely resembled that after occlusion of the
right coronary artery. Overall amplitude of inferior
wall motion was low in one of the four patients.
During ejection it was reduced in all to 2-4 mm, over
segments 8 (3) to 15 (2). Dyskinesis was not seen. In
two patients there was synchronous hyperkinesis of
the anterior wall (19 mm and 21 mm). Abnormal
outward movement of 3 mm during isovolumic con-
traction was present in two patients in segments
14-18 and 17-20, and there was abnormal inward
movement of the free wall of 6 mm in one. In three
patients there was prolonged inward motion during
isovolumic relaxation of 3-6 along the inferior wall;
one ofthem also showed 16mm early outward move-
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ment on the anterior wall. The spread in the timing
of the peak and end of rapid filling were 70 (75) ms,
and 120(50) ms respectively, considerably greater
than normal, although the difference was not statisti-
cally significant at a sample size of four. No
difference in the pattern of wall movement was
present between the patients in group 1 and those in
group 2.

PATIENTS WITHOUT DEMONSTRABLE
THROMBOSIS
These patients demonstrated various disturbances of
wall motion. All the four patients with important
disease of the left anterior descending coronary ar-
tery had hypokinesis affecting the free wall, and in
one there was dyskinesis of 2 mm affecting segments
22-26. An example is given in Fig. 4a and b. Here,
there is a very extensive area of akinesis covering
segments 14 40. Wall motion along the inferior wall
is normal, both with respect to amplitude and also
timing, with no disturbance during isovolumic con-
traction or relaxation. There is no disturbance of
wall motion over the remainder of the ventricle.
Only one patient (with left main stem disease)

showed early outward movement of endocardium at
the apex (18-22), and none had any abnormality of
wall motion during isovolumic relaxation. A patient
with anterior descending coronary artery disease
showed an increase in the amplitude of inferior wall
motion to 22 mm, while in the remainder it was
normal.

Discussion

Impairment of left ventricular function is a major
cause of disability and death after acute coronary
occlusion, and early and late mortality can be shown
to be closely related to the extent of infarcted myo-
cardium.9 10 The advent of procedures for re-
vascularisation has altered the natural history of
coronary thrombosis, so that the development of
myocardial infarction in the absence of an adequate
collateral flow is no longer inevitable. It seems rea-
sonable to postulate a phase of partial loss before
irreversible loss of function occurs. This might be
termed impending myocardial infarction. Although
there is no definite evidence for its existence in man,
it might be recognisable from a pattern of wall mo-
tion intermediate between normal and one that is
wholly passive. Experimental studies suggest that
the main characteristics ofsuch wall motion might be
a reduction in peak force and prolongation of tension
development, with significant myocardial shortening
occurring only as ventricular pressure falls at the end
of ejection."l Contrast angiography is a particularly
suitable method for studying regional wall motion in
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man. Its resolution in space is considerably superior
to that of cross sectional echocardiography or radio-
nuclide angiography, and frame rates of 50/s are
readily attained. Because it is an invasive technique
its use is necessarily limited, but when records are
already being obtained as part ofthe clinical manage-
ment of patients it seems desirable to extract the
maximum information from them. We digitised all
the frames in each cardiac cycle in order to study
asynchronous wall motion rather than only those at
end diastole and end systole, as in previous studies in
which wall motion was analysed after acute myo-
cardial infarction.'2 13 This proved to be essential if
partial loss of function was to be detected. It also
allowed us to avoid errors in the quantification of
regional wall motion associated with use of only two
frames. 14
Although all the patients studied had evidence of

impending myocardial infarction, overall measures
of left ventricular function were usually normal.
This applied not only to ventricular volumes and
ejection fraction, but also to peak ejection and filling
rates. For all these quantities, estimates outside the
95% confidence limits of normal were seen in only a
few cases, and it was striking that all could be within
normal limits in patients with severe disturbances of
regional motion. Our observations thus extend those
of Sheehan et al'5 in demonstrating the relative in-
sensitivity of these overall measurements of left ven-
tricular function in detecting the effects of
impending myocardial infarction.
The original experiments ofTennant and Wiggers

in animals showed that regional akinesis or dys-
kinesis was a specific feature of acute coronary artery
occlusion. 6 Similar findings have been demon-
strated by cross sectional echocardiography after
acute myocardial infarction in man.17 -19 These
studies were based on subjective examination of
video tapes; normal limits for regional wall motion
were not defined nor was the possibility of asyn-
chrony considered. Regional hypokinesis has also
been demonstrated angiographically by shortening
of hemicords,20 subjective wall motion scores,2' re-
duction in regional ejection fraction,22 or use ofmul-
tiple plots derived by the "center line" technique.23
Unlike these previous studies, we found the inci-
dence of overall hypokinesis to be low in regions
supplied by occluded coronary arteries. In part this
arose from our use of 95% confidence limits. These
are wide, making the definition of hypokinesis a
strict one. The main reason, however, for the dis-
crepancy was that appreciable wall motion also oc-
curred during the two isovolumic periods, so that the
inward component during ejection was reduced de-
spite the overall amplitude being within normal lim-
its. The distribution of hypokinesis during ejection

corresponded closely with that of the affected artery
as demonstrated by the right anterior oblique
projection. Dyskinesis was less common and oc-
curred in only three patients all of whom had oc-
clusion of the anterior descending coronary artery.
Asynchrony was the most common disturbance of

wall motion in the first few hours after coronary
occlusion. Several manifestations could be recog-
nised. In the territory of the occluded coronary ar-
tery the commonest disturbance was considerable
inward motion of endocardium during isovolumic
relaxation instead of the slight outward motion usu-
ally seen in normal individuals. This inward motion
reached its peak at the time of mitral valve opening.
When the thrombus affected the right or circumflex
coronary artery we also noted abnormal outward en-
docardial motion of 2 mm or more along the inferior
wall during isovolumic contraction and early ejec-
tion followed by inward motion later in ejection,
which usually continued until aortic valve closure to
merge with inward motion during isovolumic relax-
ation. Associated with these disturbances in the re-
gion supplied by the occluded coronary artery,
distant abnormalities were also seen, again in the two
isovolumic periods. Early outward motion of the in-
ferior wall during isovolumic contraction was associ-
ated with abnormal inward movement of the free
wall before aortic valve opening. Similarly, pro-
longed inward motion during isovolumic relaxation
ofthe inferior wall was associated with early outward
motion of the free wall, often amounting to 10 mm or
more by the time of mitral valve opening, previously
referred to as SERP (segmental early relaxation phe-
nomenon.24 Both these latter disturbances appear to
be manifestations of an overall change in cavity
shape at a time of constant cardiac volume and so
result directly from changes in the ischaemic area. It
is not necessary to postulate any additional mech-
anism such as ischaemia at a distance from the orig-
inal infarct to explain them.

Detailed analysis of these abnormalities of wall
motion demonstrated important differences in pat-
tern depending on the position of the affected myo-
cardium within the ventricle. Thus, outward motion
during isovolumic contraction did not occur on the
free wall after thrombosis of the anterior descending
coronary artery as it did on the inferior wall after that
of the right or circumflex. True dyskinesis, that is
outward motion of endocardium throughout ejec-
tion, was seen only on the anterior wall and not along
the inferior wall in any of the eight cases with right
coronary artery occlusion. In addition, delayed in-
ward movement during isovolumic relaxation oc-
curred on the inferior wall after right coronary artery
occlusion whether or not other coronary arteries
were affected; while on the anterior wall it was seen
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only with isolated left coronary artery occlusion and
not when other vessels were affected. Finally, out-
ward motion ofendocardium during isovolumic con-
traction occurred almost exclusively on the free wall
after right or circumflex coronary thrombosis but
not on the inferior wall after occlusion of the anterior
descending coronary artery. Dependence of the pat-
tern of wall motion on the region of the ventricle
affected as well as on the coronary arteries affected
also occurs in patients with chronic coronary artery
disease so the precedent for variation of this sort is
clearly established.25
These complex abnormalities in the timing of wall

motion cannot be explained on the basis of simple
movement of the heart in space. The possibility
arises that they might be due to tethering,26 im-
plying that affected myocardium shows no appre-
ciable intrinsic contractile activity and that any
motion is passive and due to the physical proximity
of a normally functioning region. This mechanism is
incompatible with the unique phase relations of the
affected areas, which differ both from normal and
akinetic myocardium. If myocardium in affected
areas behaved in a purely passive manner it would
move outwards with systolic tension development
and inwards again with the onset of diastole. Al-
though outward motion did indeed occur during iso-
volumic contraction and early ejection as would be
expected from simple passive behaviour, inward mo-
tion during late ejection before aortic valve closure is
incompatible with this mechanism. Similarly, in-
ward motion of these areas continued only during
isovolumic relaxation, and was reversed during rapid
filling at a time when ventricular pressure continued
to fall, again a feature incompatible with purely pas-
sive behaviour. The likeliest explanation seems to be
that residual contractile activity persists in these
affected regions. In most instances such areas
showed delayed inward wall motion during iso-
volumic relaxation, when ventricular pressure is
likely to have been falling and the wall stress was
thus lower than that during ejection. Such delayed
and reduced contraction has been observed experi-
mentally with hypoxia'1 and after reperfusion.2728
The pattern of regional wall motion thus suggests
that the functional disturbance caused by coronary
thrombosis in man may differ from that due to acute
occlusion in animal models, and that it is incompat-
ible with that predicted on the basis ofpurely passive
behaviour. This is probably because coronary artery
thrombosis usually occurs in the setting of coronary
artery disease, with affected arteries being the seat of
pre-existing stenosis. Adaptive changes in the distal
vascular bed can thus be postulated, in particular the
development of collateral flow. Whatever the mech-
anism, it seems that in most cases presenting within

six hours of the onset of the clinical syndrome of
impending myocardial infarction a pattern of wall
motion compatible with the persistence of some con-
tractile activity can still be demonstrated in the terri-
tory of the affected artery, a finding that may well
have clinical relevance when the feasibility of lim-
iting the extent of ischaemic damage is considered.
These results may be of clinical value in assessing

the effects of thrombolysis or other procedures de-
signed to increase coronary flow immediately after
acute coronary occlusion. They strongly suggest that
using ejection fraction or other indices of overall left
ventricular function is likely to prove unfruitful,
since these measurements are so often normal in the
control state. Regional wall motion must thus be
studied, but to confine observations simply to its
amplitude between frames arbitrarily defined as end
diastolic and end systolic is likely to prove mis-
leading. Its timing must also be documented. This
not only allows errors associated with the two frame
technique to be avoided, but also makes it possible to
locate and quantify regions whose behaviour
strongly suggests impairment but not loss of con-
tractile activity. This information is potentially
available non-invasively in man, for example from
cross sectional echocardiography using appropriate
methods of analysis and display,29 30 or from digital
subtraction angiography. This might allow the pro-
cess of patient selection for treatment designed to
limit damage caused by infarction to be refined, and
also might aid in the assessment of recently intro-
duced procedures such as intravenous thrombolysis.
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